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Preface
If you’re looking to build outstanding online training and educational programs in the
fields of engineering and science, then this book is for you.
The internet, still young though it may be, holds near limitless possibilities for online
learning throughout all disciplines, especially engineering and science. You may ask,
then, why another book on online learning is necessary. Though our reasons for writing
this book are myriad, the central point is that few texts have examined the engineering
and science-based online learning experience, in a holistic way, with a strong evidencebased approach. This book, in contrast, contains useful and practical information, with a
focus on labs and hands-on education and training. There is a renewed impetus for clarity
in the online learning sphere as a result of the rapid growth of Massive Open Online
Courses (MOOCs), the likely outcome of which is a transformation to the more
traditional approaches followed in universities and colleges. In a similar vein, there is
also a trend towards the privatization (and corporatization) of higher education, with
private providers beginning to compete extensively with traditional universities.
Our experience over the past two decades, in the engineering training and online learning
business, has led us to the belief that there is a significant need for online education, but
also an opportunity–some might say, a need–for tremendous improvement in this method
of teaching. Currently a considerable proportion of this activity is wasted or improperly
used.1 As the well-known expert in corporate education, Jay Cross, remarked about
online offerings (perhaps, too harshly), ”Vendors churned out page-turners and
shovelware.2 Training departments purchased libraries of this garbage and touted cost
savings. Unfortunately, workers avoided these awful courses whenever possible and
training departments sullied their reputations.”
Our research has also revealed a significant level of dissatisfaction with online tuition
from an engineering professional’s point of view. We hope to provide some solutions to
these challenges. We hasten to add that we have had our fair share of mediocrity in
development of resources for online learning as we experimented with different
approaches and philosophies. Opportunities with the internet and emerging computer
technologies will, we believe, continue to positively transform education and training in
ways we cannot yet imagine.
Interestingly, the role of the instructor is probably even more important in online
education than ever before. It is a complete delusion to believe that resources can replace
the talented teacher–and yet training entities have invested substantial amounts on
replacing the instructor, believing erroneously that this form of software system in online
learning is effective. What the internet and the improvement in computing power has
provided, however, is an opportunity to tie outstanding instructors to students no matter
where they are located in the world. In replacing classroom-based sessions, online
instruction can also make education and training economically viable due to its wider
geographical reach. If anything, an effective teacher is even more important online than
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in the traditional classroom, due to the lack of visual cues from students. Technology
does not and cannot alleviate this need.
However, it should not be assumed that a good teacher in the classroom would be a good
teacher online. Conversely, we have found that many instructors able to deliver good
training within the classroom setting are unable to provide good instruction using these
new online technologies. Paradoxically, the additional availability of technology is
challenging and can increase the amount of work necessary to prepare training resources.
Before we go much further, it should be noted that the “e” in e-learning is starting to
disappear; so we will stick to the term “online learning” or simply ‘learning’ in our
discussions.3 To provide some justification for this, we would note that there are
markedly fewer references to “e-learning” job positions of late; fewer digital training
programs labeled “e-learning” (they are instead simply referred to as “learning” or
“training programs”) and although webinars are becoming more commonplace, they are
not generally referred to as “e-learning” events. As standard, when “$” are referred to,
this will be with reference to the US dollar.
This practical book, then, is about helping you successfully apply online applications and
methods to engineering training and education. Bear in mind that online learning is only
one part of the training solution. One should always consider education holistically,
necessitating a combination of methods rather than any single one. This combination
should include online learning, classroom instruction, on-the-job training and informal
learning (reading, talking to one’s peers and personal study). If this combination is
accomplished effectively, tangible and measurable results should follow. It is interesting
to note, however, that on-the-job learning is often the most effective, especially in small
business.4
Applying online learning to the engineering and science domains has been an ongoing
journey of discovery for us. Initially we were enthused by synchronous online learning
(web and video conferencing), but dismayed by the materials provided for asynchronous
online teaching (“books on the web”). Having reviewed and experimented with the
different technologies, however, we have discovered that nothing is totally black or
white, but by using a judicious combination of the different components of online
learning one can provide a superb overall solution. Most of this book reflects real world
experiences through our efforts to implement and test various online learning
technologies. Our students are often brutally honest, so we learn very swiftly what works
and what does not!
Online learning has been around now for well over a decade.5 As noted earlier, much of
what has been offered thus far has a poor reputation for quality of learning with terribly
high attrition rates; sometimes less than 10% of people complete a course. On the other
hand, online learning has been successfully integrated into numerous areas including
simulations, remote labs, 3D learning environments, informal learning, video and web
conferencing and indeed successfully forms part of a blended learning approach. Online
learning has become a key part of any normal learning experience.
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To avoid redundancy in education, and to avoid your teaching methods becoming staid, it
is vital to jump on board. The online techniques now available reveal enormous
opportunities to provide an outstanding product in its own right or as a complement to
classroom teaching and indeed to on-the-job training.
We struggled between two extremes when writing this book. Should we put together a
brief aide memoire to help people get up to speed when they’re short on time, or gather in
one complete text all the materials uncovered in our research over the past five years?
After much deliberation we eventually favored the latter, but as a compromise we have
highlighted and summarized the key points at chapter endings. Although tempting from
an academic point of view, we have avoided putting in bibliographical references in the
main text to increase readability, and have settled on a list of sources at the back for
further reading.
There is a weighty coverage of labs in general and remote experimentation specifically in
this text. This is a necessity, we believe, for high quality engineering and scientific
education. In a similar vein, our coverage of science (as opposed to engineering) is fairly
thin, but we hope you will forgive us on this score by viewing engineering as an applied
science, as we do.
How Will You Benefit From Reading this Book?
With its focus on online learning for engineers, technologists, technicians and
tradespeople, the following skills and knowledge can be gained from this book:
•
•
•
•
•
•
•
•

Exposure to the new and different terms, acronyms and methods available for
online learning in engineering, technology and the sciences.
Skill and knowledge acquisition for designing and presenting high quality online
courses.
The requirements to make a smooth transition from the classroom to the online
learning approach.
The enhancement of existing learning and training strategies with these new
approaches.
The knowledge to set up the infrastructure and technologies necessary for the
efficient delivery of online courses.
The requisite operating skills to run a high quality online college or institution in
the engineering and science fields.
The requirements necessary to train instructors to effectively present online
courses.
A strong evidence-based approach to online learning.
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Figure 0.1: Hopefully This Book Contributes to Your Learning Toolbox
Who is Our Target Audience?
We believe this book will be useful to you if you are:
•
•
•
•
•
•

An engineer, scientist, technologist and/or technician wanting to deliver high
quality online education and training.
Working in an engineering and/or science-based academic faculty at a university
or college.
A staff member working in a corporate training department who wants to extend
and improve their training results.
Working in engineering/scientific sales and marketing and wanting to educate
others on their products.
Someone who needs to educate the general public on government programs that
are specifically engineering- and technology-based.
A science teacher or student at school who wants to connect to other students and
schools throughout the world with teaching/learning programs.

Assumption of Prior Knowledge
This book is about online learning as applied to engineering and science students and
professionals. As such, we assume that you have had some contact with online learning,
4

have worked on a computer and are familiar with basic educational and training concepts.
If so, this book will be of value to you.
If you have any comments or queries, however, we would be delighted to hear from you.
In the first instance, simply email Steve Mackay at tech@idc-online.com.
What are the Contents of this Book?
What follows is the briefest summary of each chapter:
Chapter 1
Introduction. This chapter sets the stage and gives a brief overview of
what online learning is about especially in the engineering and, to a lesser extent, sciencebased context.
Chapter 2
Creating Useful Education and Training. This chapter examines the
basic elements of high quality training and education from a general and then engineering
perspective. It provides some suggestions on what engineering professionals are after.
Chapter 3
Putting Online Learning Under the Microscope. In this chapter we
examine online learning in general and provide background to the following two chapters
on asynchronous and synchronous technologies.
Chapter 4
Key Elements of Asynchronous Online Learning. Here we review the
most common form of online learning, which is also the form that has the highest attrition
rate.
Chapter 5
Synchronous Online Fundamentals. This section examines the key
elements of synchronous online learning.
Chapter 6
Good Practice in Web Conferencing. We detail the methodology to be
followed in designing and running a web conference.
Chapter 7
Mobile Learning. In this chapter we examine this new area of online
learning that shows considerable promise, often in unlikely areas of endeavor.
Chapter 8
Review of Traditional and Online Laboratories. This chapter studies
the various forms of labs, ranging from traditional to home experimenter kits to virtual
and remote laboratories (with the latter two covered in considerably more depth in
chapters 8, 9 and 10). Labs are a critical part of the engineering learning experience and
provide access to hands-on education and training.
Chapter 9
Virtual Laboratories. Here we will discuss the fast growing field of
simulation software in some detail with real examples of successful implementations.
Chapter 10 Remote Laboratory Applications. This chapter describes an extensive
range of implementations and lays the foundation for the following chapter.
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Chapter 11 Remote Laboratory Approaches. This chapter builds on the previous
one by drawing out the common themes for lab architecture and the optimal approach to
building a successful experience.
Chapter 12 Virtual Teams and Collaborative Learning. This is arguably one of the
greatest impacts on online education in the past few decades: the use of virtual teams and
collaboration to achieve great learning outcomes.
Chapter 13 Assessment and Evaluation of Students and Online Learning
Programs. This chapter considers the assessment of both students and the effectiveness
of online programs. Remote assessment of students is examined, as is the issue of the
quality of the online learning programs.
Chapter 14 Management of Online Learning. Here we detail techniques on how to
provide an outstanding engineering online learning course.
Chapter 15 Marketing of Online Learning. This chapter notes that there is a chasm
between creating good training and good attendance at your online course.
Chapter 16 Applications. This chapter reviews, in detail, real examples of online
learning technology applied holistically to engineering education and training.
Chapter 17 Tying it All Together. The concluding section pulls all the issues and
concepts discussed in the book together.
The appendices contain explanations and discussions of claims made in the text,
operational details of typical software packages used and suggested further reading on the
subject. They include:
Appendix A
Appendix B
Appendix C
Appendix D
Appendix E
References

Self-Appraisal for Distance Learning Preferences
A Typical Learning Management System
A Typical Web Conferencing Package
A Typical Remote Labs Software Package
A Typical Proctoring Software Package

We hope you will enjoy the book and find it useful. I, Steve Mackay, take full
responsibility for the contents of this book. As this is a living book, please let us know of
any brickbats or suggestions for improvements. We shall implement any necessary
corrections or suggested improvements immediately.
SM and DF
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Chapter 1
Introduction
“I have never let my schooling interfere with my education.”
– Mark Twain
Chapter Contents
1.1
Introduction
1.2
The Foundations of Growth of the Online Model
1.3
Distance and Online Learning Terminology
1.4
Change is in the Air
1.5
Massive Growth in Online Education
1.6
Corporate Training Trends
1.7
The Impact on Engineering and Science
1.8
Online Learning Can be Better than Face-to-face Learning
1.9
Advantages and Disadvantages of Online Learning
1.10 The Different Forms of Online Learning
1.11 Remote and Virtual Laboratories
1.12 Why Students Prefer Online Learning
1.1
Introduction
“It was the best of times, it was the worst of times, it was the age of wisdom, it was the
age of foolishness…” Had Charles Dickens not written these words 150 years ago, he
could have been reflecting, somewhat candidly, upon the state of online distance learning
in engineering and science education today.1 Over the past decade, there has been
massive growth of remote or distance learning using the internet, often referred to as
online learning or online education. One commentator remarked that the development of
distance (and online) learning was one of the ten most outstanding achievements in
engineering education of the past century, and with the current dramatic growth and
excellent learning outcomes with online education and training it's difficult to argue
against this assertion.2
Examples of the strong growth of online learning in the engineering arena will initially be
discussed, followed by a clarification on the terminology used in distance and online
technology. Statistics will then be examined demonstrating the strong growth in online
education and corporate training with specific references to engineering and industry. An
exhaustive summary will be provided of the varied benefits of online education, followed
by some of the key disadvantages with suggestions where it should be avoided. The
differences between asynchronous and synchronous online learning will then be assessed.
Finally, the tools to successful online engineering learning–namely remote and virtual
laboratories will be introduced, and suggestions given as to why students prefer online
learning.
1.2
The Foundations of Growth of the Online Model
Corporations are swiftly applying online technologies. Cisco reported savings of $100m
per annum through the use of online learning to educate their workforce.3 Cisco has over
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3,000 video-based learning initiatives for training both employees and partners, and these
videos are managed carefully to ensure that materials are updated and redundant content
is discarded. The well-respected American Society for Training and Development
(ASTD) reported that the use of technology as a delivery method of training increased
from 8% in 1999 to between 28% and 38% in 2005. This is significant growth by any
measure.4 One of the most useful tools for live online training, web conferencing, had an
estimated revenue of over $11bn in 2011.5
Mark Weiser, Chief Technology Officer at Xero Palo Alto Research Center, noted that
the most powerful technologies are those that disappear into the fabric of everyday life so
that they become invisible.6 Online learning is rapidly becoming a key part of education
and training and has become almost indistinguishable from face-to-face education. The
technologies being employed are increasingly easily accessible, with options ranging
from YouTube videos and web conferencing to internet-based Learning Management
Systems.
The penetration of online courses has been high across most discipline areas including
business, the sciences, liberal arts and education, but the progression has been slower in
engineering.7 The growth of online courses in the engineering world can be gauged by the
number used at Caterpillar. This large earthmoving equipment manufacturer had 30,000
courses in 2001, but by 2004 there were 200,000. This growth was, in part, fueled by the
lower costs–online courses cost about a third of the price of an instructor-led course.
Much of the course material was easily located as providers such as Tooling University
provide courses in computerized machine tools, welding, stamping, die handling and
metal cutting, all of which can be utilized by Caterpillar employees.8 The approach is
designed for plant workers to log onto a course and work on it when their shifts allow. It
was felt that for shop-floor workers, the programs were most effective when they
combined online, classroom and on-the-job training to create a blended learning
environment (as indicated in figure 1.1).
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Figure. 1.1: Blended Learning
Despite the positive picture painted above there have been some less than satisfactory
practices in online learning thus far. The increasing presence of poor quality online
learning materials has given online education a bad name and raised serious questions
about the sustainability of this form of learning. Furthermore, the attrition rate of online
courses has been particularly high, with the online learning completion rate often as low
as 30%. One factor responsible is that the training is often undertaken in isolation.9 It is
generally accepted that success in online learning can only be achieved with considerably
higher levels of motivation and self-discipline than are required in an equivalent
classroom-based environment.10
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Five Megatrends in Education
It has recently been suggested that five megatrends (s indicated in figure 1.2) are
currently impacting on education on a global basis:11
•
•

•

•

•

Democratization of knowledge and access. The education market is growing
quickly, with easy and lower cost access to knowledge through the internet.
Contestability of markets and funding. Governments are increasingly constrained
in their provision of funding for universities, which is resulting in increased
competition and the imperative to source funding from both industry and students.
Digital technologies. Not only will digital technologies and the internet transform
education, but they will also enable partnerships with other players in the value
chain (content, mass distribution and certification).
Global Mobility. Not only are students, workers and academic resources mobile
on an international basis, but elite university brands and activities are rapidly
expanding too.
Integration with industry. Relationships with industry will expand to
commercialize research and target learning activities but there will be competition
in certification of students (such as with Cisco, Microsoft and CPA postgraduate
programs).

Figure 1.2: Five Megatrends in Education
10

1.3
Distance and Online Learning Terminology
Distance learning is traditionally for learners located remotely using a paper-based
correspondence system. It is defined as “a formal educational process in which the
majority of the instruction occurs when the learner and the instructor are not in the same
place at the same time”.12
The necessary elements of distance learning include:13
•
•
•
•

Remoteness of the student from the teacher–some physical distance separating the
two.
An institution that provides instruction and content (as opposed to self-directed
learning).
A learning curriculum with learning outcomes and a structure.
Assessment processes to measure the learning that has occurred.

Another common definition of distance education is, “A process to design, build and
provide learning when the source of the knowledge and the learners are separated by time
or distance or both”.14 The United States Distance Learning Association refers to distance
learning as, “The acquisition of knowledge and skills through mediated information and
instruction”.15 An even simpler definition (used by the US Department of Defense and
Federal Government Distance Learning Association) is that distance learning is,
“Structured learning that takes place without the physical presence of the instructor”.
However, some definitions of distance learning are broad enough to include online
learning, such as the definition that states that distance learning is “the process of
extending learning, or delivering instructional resource sharing opportunities, to locations
away from a classroom, building or site, to another classroom, building or site by using
video, audio, computer, multimedia communications, or some combination of these with
other traditional delivery methods”.16 This is quite a mouthful, but it’s also a good
definition as it is inclusive of online learning–the feature that is driving the growth of
distance education. It also takes into consideration the need for improving the quality of
the traditional correspondence based course with a live, interactive experience.
Online learning, also referred to as e-learning, is a subset of distance learning and has
different methodologies such as synchronous and asynchronous. A combination of both
of these methods with face-to-face classroom based learning is often referred to as
blended or hybrid learning as indicated in figure 1.1.17 A more detailed discussion of
online learning will be undertaken later; but for our purposes here it can be simply
described as learning accessed electronically from a computer-based device (generally
connected to the internet).
This instruction can be a course or a discussion and can be transmitted in a variety of
forms including; a live instructor interacting with you directly, a video, a web page, a
game or indeed an online interactive book.18
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1.4

Change is in the Air

Commencing in the 60s, governments used distance education to widen access to higher
education, improve people’s lives and to expand the economy through this inexpensive
way of scaling up education.19 The growth has been rapid and the demand for online
higher education by contemporary students, bolstered by the availability of broadband,
has resulted in traditional universities scrambling to convert their courses to an online
format. As with many other industries, such as telecommunications and airlines, it is
likely that higher education will be transformed by online technology.

Figure 1.3: Where is Online Education Heading To?
There are many compelling reasons to move to a technology-based learning approach: the
move of current students to a strong digital framework in their gathering and processing
of information, the tremendous gains in productivity the business world has achieved in
applying digital technology and, sadly, the rapidly growing cost of education today which
is well beyond that of inflation and this needs to be made more affordable.20
What is becoming more obvious on the residential college campus is that the traditional
forms of operation are steadily being pushed to the point of extinction.21 Packed lecture
theaters are becoming obsolete, with students perceiving little difference between
attending the lecture physically or online. The vast amount of information available
online is also undermining the lecture model used in traditional universities. Increasingly,
they are compelled to add more value to the courses to retain their validity. Laboratory
12

research and campus living–where students live and study together–are examples that
have had some degree of success.
For the first time in centuries, standard approaches to educating students are being
reconsidered, with online learning a significant modification to the traditional educational
model.22 There is some movement away from lectures (“sage on the stage”) to
technology-driven innovations (with a common theme of “guide on the side”). Almost
every college or university in the world today is incorporating online options to some
degree. Some offer recorded lectures whereas others are delivering more comprehensive
online offerings.
Traditional universities and non-profit institutions should be wary of the nimble and
aggressive competition for enrolments from the for-profit sector.23 The question today is
not so much whether any college should pursue online education, but how it should
strategically respond to this challenge.
Initial online offerings have tended to involve simplistic and straightforward
question/answer formats. Laboratory-based engineering and science subjects, however,
have proved to be tougher to implement successfully. Much activity, therefore, has
centered on professional (and postgraduate) courses rather than undergraduate courses
where labs are required.
John Katzman, a founder of a recent startup firm 2U (formerly 2tor), believed the
traditional model used at universities needed overhauling with the inclusion of various
online approaches. His suggestions included videoed lectures and interactive courses
available at the time and place of the student’s choosing.24 He felt that these options
could be followed up once the student had absorbed the key learning elements, with live
online interaction between instructor and students (for instance, a web conferencing
event). Although students would be scattered geographically, laptops and iPads would
facilitate the interaction. 2U also remarked, however, that university faculties are not
always suited to providing online programs; they lack the training in the new
technologies and have their hands full doing their research and lecturing in the traditional
manner.
The Elite are Getting On Board and Online
Whilst many are aware that online education is growing and are supportive of it, some
elite universities are not quite sure of the way forward for their particular institutions.25
These universities face the potential to derail their prestige and selectivity if students
from afar can access and indeed graduate from their courses. A possible solution is to
ensure that the academic leaders at these universities prepare the online course materials,
and perhaps integrate these with the offerings of other universities.
Despite this issue, two ventures (initiated by work at Stanford University) were launched
in 2012. One is called Udacity, led by Sebastian Thrun. This has almost a half a million
users. The second is named Coursera, led by Andrew Ng and Daphne Koller. It is
claimed that they have two million users. Coursera has been offering courses in
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mathematics, engineering, the humanities and social sciences with prestigious partners
such as Stanford, Michigan, Penn and Princeton. Both are based on the free Massive
Open Online Courses (or MOOCs).

Figure 1.4: Massive Open Online Courses
Furthermore, in May 2012, Harvard University and the Massachusetts Institute of
Technology (MIT) outlaid $60m for a joint venture in offering free, not-for-credit, online
courses through edX. The University of California (UC) Berkeley joined them shortly
thereafter.26 The courses offered range from software engineering and artificial
intelligence to chemistry and computer science. Success in these offered students some
exemptions when enrolled in regular courses.
This audacious move towards online tuition allows the world’s finest teachers to reach
millions of enthusiastic students.
The question, however, is whether MOOCs can break into the so-called “iron triangle” of
cost, access and quality, previously assumed to be the domain of higher education.27 It is
claimed that an improvement in one of these can only be achieved at the expense of the
others.
1.5
Massive Growth in Online Education
A recent survey showed that there has been rapid growth in online enrolments.28 In 2007,
over 3.9 million (20%) of US higher education students–largely undergraduates–were
undertaking at least one online course.29 The proportion of graduate-level students,
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however, was slightly higher, giving some credence to the suggestion that online students
are generally older and have other personal and career commitments. One of the notable
examples of the success of online learning in education is Phoenix University in the US,
with over 100,000 students in 2004 and with an annual growth of 50% to 60%.30 Due to
recent problems with US government loans, however, growth has reversed in recent years
for many online colleges and universities.
The Babson Survey Research Group conducts an annual survey of online education in the
USA.31 This is based on the responses from over 2500 colleges and universities in the
USA. Although statistics are almost immediately outdated, they do give a useful
indication of trends.
Over 30% of students now take at least one course online. It has also been found that
almost 70% of academic leaders believe that learning outcomes in online education were
equivalent (or superior) to traditional classroom-based offerings. However, a significant
group also felt that the learning outcomes for online education were inferior to that of
their face-to-face equivalent.
A 3-year study, based on the responses from over 1,000 colleges and universities in the
USA, has also examined blended learning, as opposed to solely online learning.32
Currently, fewer blended courses exist compared with their online equivalents. 38% of
respondents of the survey, however, felt that blended learning had more potential than
courses that are purely online.
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Figure 1.5: Online Education Growth in the US Trends33
Adapted from Going the Distance: Online Education in the United States 2011
Over a third of USA university faculties have taught an online course while more than
50% have recommended students take an online course.34
According to IDP Education Australia, the student demand for higher education in Asia
(which is the source of half the world’s demand) will rise from 17 million, the rate it was
in 1995, to over 87 million by 2020, with strong growth particularly in India and China.
In countries such as Malaysia, approximately 85,000 students per year (from data from
2012) are taking online courses; whilst in South Korea, there were 112,000 students from
19 institutions.35
Adult learners comprise 60% of the post-secondary student population–perhaps the initial
stimulus for distance learning.36 There is, nonetheless, strong growth in the traditional
student population who are increasingly taking online courses as part of their on-campus
programs.37 Apparently fewer than 25% of students, on US campuses, between the age of
18 and 22 attend as full-time undergraduate students.38
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It is likely, based on current trends, that even traditional residential institutions will have
to accommodate students’ demands for online education. One prediction indicates that by
2014, over half of higher education delivery will be online.39
Balanced against this overwhelming slew of statistics, there are signs of a slowdown in
the take up of online higher education.40 The for-profit online education sector in
particular in the USA has had a drop off in enrolments due to concerns about quality and
overcharging. From this it is clear that the online market is becoming more discerning,
which makes it increasingly vital for institutions to provide unique, high quality programs
that genuinely add value for a student.
University and College Rationale for Going Online
There are many unassailable advantages for quality online learning today.41 It is of
enormous positive benefit to the world, provides a platform for continuing education,
offers students access to the finest universities in the world and the penetration of this
type of education is global.
The most common rationale for an institute to embrace online education has been to
achieve greater revenue–a pertinent concern when faced with cutbacks in government
funding, as costs per student can be decreased, based on increased numbers per course,
with a reduction in the delivery costs of a course.42 This does remain an unproven
premise, however. Another driver has been to serve mature professionals who are
working and students located some distance from their desired campuses. Improvement
to student retention is another more surprising reason cited for employing online learning.
Space constraints on existing residential campuses is an obvious motivator and enables
capital costs for buildings to be kept to a minimum. The more complex reason for
adopting online training is that of its efficacy. To measure this, however, many variables
need to be considered–from both the learners’ and teachers’ perspectives.
There is strong growth in non-traditional students with a large proportion of bachelor
degree students either sourced from community colleges or mature, part-time students.
Online education is far more relevant to these groups than traditional styles of
education.43
Many colleges indicate that distance learning is the only viable way in which many
learners can meet their educational needs. Interestingly, it has been found that distance
learning students achieve slightly better grades than those on campus. A possible reason
for this is that more mature students are more committed to their studies than their
younger, on-campus counterparts.44
Rochester Institute of Technology has noted that their distance learning courses have
taken up the slack when their traditional full-time student enrolments have diminished.45
At the Malaysian Asia e University, students maintain contact using email, online chats
and phone.46 Assignments are submitted using computers, smartphones and iPads in a
variety of formats ranging from YouTube videos to traditional documents. Challenges do
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remain, however, with a lack of personal contact, low interactivity and poor bandwidth in
parts of the world (as low as 10% penetration rate in India). This can lead to feelings of
isolation for the student. A positive element of online learning has emerged, however,
with students who are shy–they tend to become more engaged and involved with the
learning process.
It has been suggested that, in the near future, students will not be content to attend only
one university, but will pick and choose different institutions to construct their own
programs. The merits of this suggestion are yet to be fully assessed, but the idea is, at the
very least, an interesting one.
There have also been suggestions of blending of education, training and business. A term
that is increasingly being coined is that of the Virtual University which is based around
the internet.
Increasingly the online option is being favored by students even when they are not
geographically distant from their chosen institution. For instance, students may choose to
listen to recorded lectures rather than attend in person. Research remains inconclusive on
lecturer and student perceptions of digitally recorded lectures (referred to here as webbased lecture technologies or WBLT), but there is strong evidence to suggest that student
attendance at lectures has been reducing over recent years.47
Students claim that WBLT assists them in learning or indicates that they could learn just
as well using these technologies. Lecturing staff, on the other hand, appear to feel that
WBLT resulted in fewer students attending lectures and a poorer learning experience
overall. The research suggests that WBLT can be preferable to face-to-face lectures that
are delivered in a traditional format (one-way communication) when class sizes are large.
However, WBLT is less preferable than face-to-face lectures when classes are small and
interactivity is possible between students and lecturers, facilitating problem solving and
discussions.
Lecturers feel that the flexibility of WBLT means that students only review lectures just
before an assessment, resulting in learning that is fractured and inadequate. By
integrating/blending the WBLT into their existing lectures the learning experience is
more likely to be optimized. Lecturers need to clarify their expectations for students too.
As an aside, from the student perspective there are two contrasting demands made in
terms of distance learning or online learning.48 On the one hand, a student’s first choice is
not to have distance learning. They generally prefer face-to-face and classroom based
sessions with strong physical interaction. But on the other hand, students enjoy flexibility
and the option of being able to select distance learning when appropriate for them.
Although the markers remain strong and positive for online learning, there have been
significant failures. An example is INSEAD, an important European university, shutting
down their online ventures due to poor attendance.49
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1.6

Corporate Training Trends

Academic vs. Corporate Online Learning
Companies and academic institutions have different objectives and thus offer different
forms of online learning. Corporations require specific skills and knowledge relating to
their processes and activities and generally focus on provision of online training which
yields an immediate commercial outcome. Universities focus on a more generic
educational outcome where there is not necessarily an immediate commercial return.
Both approaches are important.50
To compare the two types of knowledge (training and education) consider the following
(as in Figure 1.6):

Figure 1.6: Comparison of Conceptual vs. Procedural Knowledge
Procedural knowledge (training) involves learning the steps necessary to optimize the
operation of a process control loop on a specific item of equipment from a vendor (e.g.
how to tune a process loop on the Rockwell Automation programmable logic controller).
Conceptual knowledge (education) involves understanding how all process control
loops operate theoretically and identifying key theoretical principles in their operation
that allows one to categorize the different types (e.g. temperature and flow control loops).
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Corporate Trends
In 2007, US organizations paid out $58.5bn for training with $16.3bn of this for external
learning products and services.51 It should be noted, however, that the growth in 2007
was trending downwards compared to earlier years. Naturally, the financial crisis after
2007 put a significant dampener on corporate training with companies struggling to
survive let alone grow.
The most popular areas of training are management training and professional or industryspecific training (e.g. accounting, engineering or telecommunications) with 15% of the
total online training market characterizing each. Other areas include
mandatory/compliance training at 13%, sales training at 13% and IT Systems training
capturing 11%.
Instructor-led training covers 65% of all formal training hours, but this has dropped over
the years. The use of self-study and online learning currently account for over 20% of
student hours. Live, virtual classroom training (based around web conferencing) accounts
for a rather small 10% of student hours. Use of other technologies such as videos and
paper-based workbooks are declining. Among companies with more than 10,000
employees, 25% of formal training is now self-study completed online and virtual
classrooms deliver 12%. Even for small organizations (100 to 999 employees), online
training accounts for 20% of formal training.
Almost 40% of organizations are using a learning management system (LMS) with
specific figures of 35% for small companies (100-999), 63% for midsize (1,000-9999)
and 72% for large (+10,000).
According to the respected IDC, an international market research firm, in a survey
conducted in 2004, nearly 80% of companies were creating e-learning objects internally
or were planning to do so.52 Web conferencing was considered one of the most popular
tools to use in distributing content either synchronously or asynchronously. Companies
also wanted to access courses by individual component rather than as complete courses.
One example is where a company took a 30-hour course and broke it into 30-minute
modules with more focused testing.
From a corporate point of view, in 2003 only 17% of respondents were applying online
technologies to their training.53 There is definitely support for increasing its use, however,
with many executives insisting on the use of online learning in preference to the
traditional on-site courses.54
1.7
The Impact on Engineering and Science
Engineering education has generally lagged far behind other disciplines in terms of online
education.55 Currently, over 300 engineering schools in the USA have received
accreditation from the Accreditation Board for Engineering and Technology (ABET) but
only a few offer online programs.
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Figure 1.7: Engineering Education
Distance learning in the engineering arena began in the late 1960s with graduate
courses.56 It was considered an easy and affordable way of teaching small classes and was
encouraged by the fact that it is easier to deal with technical problems with mature
students than with 17-year-old undergraduates.
In the earlier days, many US universities offered engineering programs to off-campus
students who were located mainly in metropolitan areas where large numbers of
companies and/or military installations were based.57 The newer web conferencing
technologies, however, can now reach engineers and technologists at isolated locations
throughout the world. This also allows students to keep working in their jobs, without
interruption, while taking courses.
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In 2009, in a survey conducted by the well-known Electronic Design Magazine, 75% of
colleges and universities indicated support for online electronic technology education.58
Two years later, aided by superb media coverage from the New York Times, The Daily
Telegraph and The Independent, Stanford signed up 90,000 students within the first two
weeks of launching a free course on Artificial Intelligence in October 2011. In total,
130,000 people enrolled, from over 190 countries, with a median age of 30.59 It was
observed that the course materials were not slick, but rather quite quirky and engaging.
Over 2000 people volunteered as translators (with course videos now in 18 languages).
At the conclusion to the course it was noted that homework was commonly left to the last
minute, with only half the class submitting it (and this was presumably accompanied by a
high attrition rate). This concept, though, has now blossomed into various for-profit
companies (such as Udacity and Coursera).
An Excellent Example of Online Learning Applied to Engineering
At this stage, it is worth noting a very early application of online learning to
engineering.60 The 10-week Six Sigma quality training used the voice over IP protocol to
provide instantaneous, low-cost communication over the internet. Desktop software was
shared by the instructor and students, video clips were employed and remote laboratories
visited (over the web) to see theory being put into practice. On-the-job training was
required, in addition to the online learning, to achieve the required learning outcomes. As
such, this training could be regarded as blended learning.
Relevance of Online Learning to Engineering Education
As engineering professionals with a penchant for technology, we have to be vigilant
about the use of online learning for technology’s sake rather than because it improves our
educational offerings.61 It is absolutely necessary to ensure that online learning in the
engineering realm is of genuine benefit to education in this subject rather than an exercise
in what can be achieved online.
In the past three or four years, several distinct shifts have occured. These can be
summarized as follows:
•

•

•

•

The computer is now firmly set up as an intermediary for most of our instruments
and equipment today, and where easy remote connection is possible, access to
equipment can be gained by anyone anywhere.
Working and learning in engineering is no longer as physical as in the past, but
has become considerably more cognitive. The days when you had to file a piece
of metal using strength and dexterity are gone, as machinery has taken its place.
However, the calculations necessary to program the computer to achieve your
desired design outcomes are crucial.
Communications over the internet have finally achieved a reasonable speed
(generally with broadband), allowing the transfer of video and communication
remotely without irritating latencies and delays.
Due to technology changing at such a rapid pace, one has to reconcile or delight
in “lifelong learning”. Today it is rare to gain an engineering degree and settle
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•

•

with a company for life, during which time only the skills initially acquired are
used.
Competition between companies is so fierce today that old style classroom
education and training is simply too expensive, often outdated and unworkable.
Lower cost options, such as online learning (and informal on-the-job training) are
being employed.
We have some incredible insights into what works with learning these days
(especially in terms of the brain). The traditional one-way lecture is more
frequently being viewed as one of the big “con jobs” of the 20th Century in terms
of providing useful knowledge and skills.

1.8
Online Learning Can be Better than Face-to-Face Learning
Considerable debate abounds over the merits of online education against that of
traditional classroom instruction. We believe that the issues revolve around the design
and delivery to an appropriate audience rather than the delivery medium.62
According to the US Department of Education, as was noted earlier from other sources,
online enrolments are growing at a far higher rate than overall higher education ones;
13% vs. 1%. Engineering is still one of the lowest ones represented with the main
problematic areas including course quality and integrity.63 The larger uptake in online
education seems to be paying off too; a comprehensive analysis in 2009, by the US
Department of Education, concluded that students in online education actually performed
better than those attending classroom sessions.63, 64
A slightly earlier analysis of research literature, over the period of 1996 to July 2008,
looked at more than a thousand students of online learning.65 The meta analysis showed
that:
•
•

•

“On average, students in online learning conditions performed better than those
receiving face-to-face instruction”.
In comparison to traditional face-to-face classroom sessions, blended learning
showed the best outcome. However, this finding needs to be tempered by the fact
that the blended approach provided additional learning time.
The different forms of online learning (asynchronous and synchronous) did not
affect student learning significantly.

The main reasons suggested for the superiority of the online learning experience
included; the additional learning time, access to better and more learning materials and
better collaboration opportunities.66
A comparison between an online and classroom course on Engineering Cultures
presented at Virginia Polytechnic Institute (both online and classroom) and Colorado
School of Mines (classroom) revealed that online students had greater gains in knowledge
than their classroom-based peers.67 However, this impact may have been due to the
increased motivation of online students and the multiple choice questionnaires used to
test the students favoring those candidates online.
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Although the research shows that learning outcomes for online and traditional courses are
similar with online revealing slightly better results, it is not always entirely convincing.68
Online students were often allowed to select the courses they preferred to attend with no
mandatory classes, thus matching their learning styles and abilities to the subjects they
find most suitable for them. Other variables that could confound the results included;
content variations and instructor quality, more generous time allowances for tasks and
finally, exams and assignments differences with varying levels of proctoring. A study at
Deakin University (Australia), for example, showed that the grades of off-campus
students were higher than for on-campus students.69
A sobering recent survey (4564 faculty members in the USA), garnered mixed feelings
for online learning. Almost 70% of respondents indicated that learning outcomes for
online courses was inferior, and 40% of those teaching online concurred with this
assessment.70
1.9

Advantages and Disadvantages of Online Learning

Advantages of Online Learning
The tremendous growth in online learning has been due to a number of benefits for
learners, instructors and course developers.71 Many, in the following rather exhaustive
list, may be construed as disadvantages. The chapters a little later on will flesh these out.
There are many reasons why students select online learning.72 These include flexible
study times, difficult geographical locations and the perception that online is easier than
on-campus with a lower level of supervision and control. Against this, there are a
multitude of reasons why students prefer not to do online learning. These include the
perception that the online courses are boring, involve high-powered computing
technology and skills, are more time consuming, are isolating, that there is increased
discipline and that better time-management is required.
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Figure 1.8: Advantages of eLearning
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Key Benefits
•

•
•
•
•
•
•
•
•
•
•
•

•
•

•
•
•
•
•
•
•
•

There is a dramatic reduction in costs in terms of travel and accommodation for
learners. Naturally, online learning reduces the costly and exhausting travel for
instructors and support personnel as well. A little reflection reveals that travel is
not particularly cheap. For example, in the USA, flying between cities coupled
with accommodation and associated costs to engage in a few days of meetings and
training can easily cost over a thousand dollars per trip.73
Students can learn at their optimum pace as online courses facilitate this.
Learning can be provided to the students flexibly in terms of time and place.
Learners are independent and are therefore more likely to take ownership of and
responsibility for their learning.
The pre-packaging of materials and recording of sessions allows the instructor to
move to higher levels of presentation.
Recordings of all discussions and interactions are available for later review.
The quality of the teaching content is more reliable (a standardized set of up-todate materials).
There is a single point for access of all course materials–on the server, intranet or
specific internet site.
There is often broader peer-to-peer learning with interaction using chat or web
and videoconferencing facilities.
Professional relationships can be nurtured and learning sustained after a course
has been completed with the continued use of the chat, audio and video facilities.
A standard framework can be established from which new courses can be created.
To counteract the remoteness of the students, instructors are more inclined to be
interactive in their presentations using remote/virtual labs, polls, quizzes, texting
and talking.
The materials are more likely to be absorbed as they are provided in smaller
portions.
The costs of the actual training can be lower when compared with instructor-led
training. This is especially useful for developing countries for larger numbers of
students.
It is possible to respond to business requirements quickly and effectively.
New material can be uploaded to multiple sites quickly.
The training can be scaled up or down efficiently to handle the number of
learners.
Knowledge consistency is achievable to multiple sites and participants.
As it is independent and adaptable to the student’s schedule, learning is possible
24 hours a day.
It is possible to build a learning community within a business as it can fit into the
e-business and existing IT infrastructure of an organization.
Continuous improvements can be made to courses and course materials, resulting
in better quality content. This leads to better learning outcomes for the students.
It is adaptable to different learning styles and pace.
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•
•
•

•
•
•

One can achieve global reach with the learning materials (especially to
geographically remote individuals).
It is claimed that the technologies can promote more rapid learning.
It can provide the means of documenting a complete curriculum. This ensures that
the departure of a lecturer does not require rewriting of the course. From a
company perspective, capturing an expert’s knowledge via online technologies is
useful.
One can enhance and build upon the enormous supply of materials available on
the web.
Instructors have quick access to the latest training materials from a website no
matter where they are.
A more consistent level of instruction can be achieved when asynchronous (for
example, recorded) sessions are mixed in with synchronous live presentations.

Lesser-Known Benefits
They are nonetheless important benefits and are as follows:
•

•
•

•

•

•

•
•
•

•
•

There is a reduced impact on climate change (in terms of carbon dioxide
emissions and that of other greenhouse gases). With reduced travel to and from
the classroom or campus, less energy is used.
Exposure to diseases is reduced and therefore the spread is contained (e.g. a new
pandemic creating potential strains of influenza).74
There is a greater likelihood that the student body is from a wider geographical
area, more multicultural; thus exposing students to a wider range of experiences,
cultures and knowledge.7
With online collaborative events there is an increase in student retention and
learning effectiveness. With less travel perhaps an added benefit is the increased
time available for tasks.76
A wider range of interactive learning experiences can be provided and can
include; dashboards, polls, question and answers, audio, video, application
sharing and remote labs.
There is extraordinary flexibility in presentation structures, ranging from large to
small meetings; just-in-time presentations to formal presentations with full
recordings for later viewing.
There is a close alignment with informal learning that allows for spontaneous
training and collaborative sessions.
Sessions can be easily prepared without much or any IT support.
Comprehensive reporting and analysis of participants with their feedback on
quality and interest can be especially useful for compliance reporting. From an
organizational point of view, therefore, one little known benefit is better
recordkeeping.
There is readily accessible data on participant contact details and evaluations of
sessions.
Highly secure training sessions can be conducted with restricted passwords and
encryption of all training materials.
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•

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

The training and education can reach participants throughout the world with a
global impact initiated by organizations, ranging from a one-man band to
multinationals. This equalizes the competitive advantage.
Organizational productivity can be improved with multiple usage out of recorded
webinars.
Work-life balance can be achieved by engaging in learning in a just-in-time
modular fashion.
There is often a strong technical literacy in graduates.77
The technology can help to reduce impact of a shortage of qualified instructors.
Reduction in overcrowding and infrastructure costs is possible.
Enrolments can be boosted by the wider student reach and more flexible nature of
the courses.
With improvements to the delivery and numbers of students, there is scope for
greater profitability.
Universities are able to extend their “footprint” through making their education
more widely available.
It is a potentially a more friendly, more egalitarian learning environment.
New streams of income can be created, for example, with the reselling of course
materials.
Provision of courses to third world and isolated locations can be achieved.
There is a reduction in costs due to the use of online technologies.
There is an improvement in graduation rates with more customized learning.
There is an adjustment of teaching to students’ learning styles.
With the idea that learning is more rapid resulting in the swifter acquisition of
competencies, it follows that the return on investment is quicker too.78
In a project-based distance learning course, advantages reported were more
extensive collaboration than in a face-to-face classroom due to use of electronic
technologies (instant messaging, emailing and message board uses in the LMS–
Blackboard).79 The ease of electronic document delivery over paper-based
documents was also noted. The authors also suggested that the distance learning
courses allowed for equity as students are drawn from all backgrounds over a
geographically wide area, without any discrimination due to travel and access
issues.

It’s also worth noting that mature age learners are often thought to learn better during
online education than in the traditional classroom sessions mainly because they are more
independent learners. They also need flexibility in their education because of work and
family commitments.80
Disadvantages of Online Learning
The key disadvantages to online learning include; no learning schedule for courses that
contain large numbers of students and the lack of motivation to keep up with the required
study, difficulties in accessing materials and other technical issues. These, and a lack of
personal contact and interaction can account for high rates of attrition.81
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Research conducted with three major US universities indicated that both students and
faculty felt that technical topics could be effectively taught via online, are as effective as
the classical classroom sessions but there are difficulties with effective communications
(asynchronous/synchronous and interpersonal).82
A comprehensive list of disadvantages also exists.77, 83, 84
Key Disadvantages
•
•
•
•

•
•
•
•
•

•
•

•
•
•

•
•

Personal and work-related commitments can impact upon the learning experience.
There is minimal interactivity (especially with asynchronous courses) between the
student and instructor.
Online learning can be lonely and requires one to thrive independently. Students
often feel extraordinarily isolated.
Hands-on experiences are difficult to provide. The inability to deliver lab
experiences online was a major obstacle to increased acceptance of online
education in the engineering realm.85
Students need to have increased self-discipline.
Attrition rates are often huge (figures of 70% are often quoted). Students often
struggle to find the motivation to complete their courses.
Written documentation is often the only direction a student will receive during a
course.
Instructor feedback is not immediate and can be delayed (sometimes by a few
weeks).
Online learning can be extremely time demanding–often more so than classroombased courses (e.g. due to lack of quick responses from an instructor and lack of
spontaneity).
The blended form of online learning that requires regular visits to a residential
campus can be difficult due to other commitments.
Programs are often of poor quality (so-called “shovelware”). As a result, students
and their employers are often concerned about the quality and sustainability of the
online experience. Online learning can be extremely time demanding – often more
so than classroom based courses. For example, the instructor is not immediately
available to assist with an awkward conceptual problem.
Class sizes are often huge.
Online workloads can accumulate (due to procrastination on the part of the
student perhaps) and result in huge peak workloads.
Technical problems with synchronous and asynchronous online systems can be
difficult to troubleshoot and remedy.86 There are often gaps and variability in
technology such as bandwidth and IT infrastructure. Poor or intermittent access to
computers and the internet can compound the technical issues.
There are significant setup costs, course resources, support and infrastructure.
Administrative problems with the management of programs are often
encountered.
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•
•
•
•
•
•
•
•
•
•
•
•
•
•

There is a loss of serendipitous learning moments and contact with students and
instructors (e.g. spontaneously on the campus).
Increased competition, even in previously niche geographical markets, is
occurring due to the rapid provision of online education.
There is weaker scholarly control of online educational resources.
Competition and cannibalization of existing (face-to-face) programs occurs,
resulting in questions over their economic viability.
When not managed properly, online courses can result in costs that are often
higher than those for classroom-based training.
Developers, administrators and instructors may be unsuited to the new online
medium.
Certain types of content are inappropriate for online learning.
Young learners often lack the motivation and initiative for online learning.
The physical instructor presence is important for many learners.
Security restrictions exist where learners cannot access the internet due to
military, political or corporate policies.
Secure online testing of course materials is risky without direct supervision.
Team building is difficult to achieve with people located remotely and with weak
connectivity.
Corporate support can be non-existent or even negative.
Content on a screen is difficult to learn from.

Lesser-Discussed Disadvantages
•
•

•
•
•
•

•

•

The online presentation is often fragmented and a holistic picture of the learning
process is difficult to acquire.
Some online colleges and universities (particularly for-profits) are not widely
known and training from these institutions can actually cause some hurdles to
acquiring work.
(Re-) training costs required to teach online are often huge (and initially ignored).
There is often huge faculty resistance to change to the online model of learning.
Financial aid is often restricted for online programs that are considered lowlier
than their counterparts.
Online courses are often regarded as a poor medium for “soft” or subjective
courses due to the need for face-to-face contact and a high and spontaneous level
of interactivity.
The explosion of online education has created a demand that is outstripping
universities’ abilities to deliver.87 As universities are increasingly strapped for
cash and looking for alternative sources of revenue, they have begun to add online
courses to service this additional demand. This has resulted in a collapse in the
quality of many institutions.
Research from the University of Wisconsin-Madison showed that while the
current generation of computer literate students is easily able to use digital
technology in shallow ways (e.g. browsing the web or socializing on Facebook),
there are concerns about their use for deep learning with focused attention.88
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•

•

•

Faculty members teaching online find to their surprise or horror that considerably
more effort is required to prepare and present the courses. Students expect more
of a 24/7 service than for the classroom based approach. The crossover is also
avoided because of the perceived isolation, their lack of confidence in using the
technology effectively, and fears that the technology is replacing them.
There are concerns that students engage in a lower level of critical thinking and
problem solving exacerbated by the reduced interaction between the students and
their instructor.
Increased time and increased human and financial resources are required for small
and medium sized organizations to run online learning programs.89

When is Online Learning Best Not Used?
This is a rather odd question to address in a book on online learning, but as one is
approaching training and education holistically, one needs to concentrate on ensuring
good quality and effective learning. Many of the issues discussed below will be overcome
as technology is improved, but in the interim it may be best to exclude the use of online
learning in the following instances (particularly with equipment):
•

•

•

•

•
•
•

When you need a live human to intervene in the training. Examples here would be
a course on First Aid where there has to be some physical involvement between
instructor and student using real equipment.
When one needs a close reproduction of the real world–for example, touch, vision
and hearing. There are courses that would be significantly degraded without these
senses present.
When the number of potential users is very small. As noted earlier, the effort and
resources required to put an online learning course together is often significantly
more onerous and costly than a classroom session. Alternatively an instructor,
with a detailed knowledge of a subject, can often “walk in” and present an
outstanding course with minimal preparation and resources.
When the targeted users do not have access to computers or the internet. Or if
they have access, but it is fractured and intermittent. If the latter is the case a
solution may be to record the sessions.90
If the student’s security requirements hamper internet connectivity. Again, a
recording may be the solution here.
If the medium may be unsuitable for some students–particularly if youth or
immaturity is an issue.
Where effective proctoring of students is lacking resulting in the inability to
authenticate assessments and certification.

There is a well-founded suggestion that the following issues make a fully online program
for young traditional college students less than optimal:91
•
•
•

The requirement for additional self-discipline.
A lack of real world experience with equipment, “life” and business.
Limited faculty and student interactions.
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A blended approach to the education model is perhaps the solution.
1.10 The Different Forms of Online Learning
As delineated earlier, online learning (also referred to as e-learning, online training or
web-based instruction) refers to instruction conducted using the internet where the
instructor and learner are remotely located from each other.92 There are two types of
online learning: asynchronous (web-based) and synchronous (streaming of video and
audio). In addition, there exists a combination of these (often with the addition of
classroom instruction) referred to as blended learning.
Asynchronous online learning is where the teaching and learning does not occur
simultaneously. It is self-paced and does not require synchronized or concurrent
interfacing between the instructor and learner. Often a Learning Management System
(LMS) is used to access course resources (such as PowerPoint presentations, recordings
and course notes). The majority of online learning is conducted through asynchronous
forms of communication. Asynchronous online learning has proven to be successful for
the “softer” or “socio-constructivist learning paradigms”. There are reservations,
however, about their effectiveness for symbol-based activities such as mathematics,
engineering, the sciences and statistics, where synchronous web conferencing may be
very effective.93
Synchronous online learning is also more likely to become the mode of choice for
collaborative forms of distance learning as it requires the teaching and learning to occur
simultaneously. Examples include real time video or audioconferencing or chatting in
real time. Web conferencing tools are particularly useful for the “harder” disciplines as
mentioned above and include the whiteboard, pointing tool, graphing calculator and
application sharing.
The synchronous experience is the focus for the online learning in this book.
Traditional, or face-to-face, training is still classroom-based and is mainly instructor-led.
Classroom also remains the dominant form of corporate training today. It is a particularly
valuable teaching method for young children and young adults with less maturity and
lower levels of self-discipline.
Blended learning is a combination of different training media and events that can create
an optimum training program for a specific audience. An example here would be selfpaced web-based training (asynchronous), followed by on-the-job training and classroom
instruction. These could be accompanied by printed aids, and supplemented by virtual
classroom follow-up sessions (asynchronous).
1.11 Remote and Virtual Laboratories
All engineering professionals regard interaction and hand-on practicals as hallmarks of a
good course. For students enrolled in online courses this feature is provided through the
use of simulation software, otherwise known as virtual laboratories (labs). A considerable
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contribution can be made, to both online and blended learning for engineering education
and training, by their inclusion.
Learning is an active process. We do not learn much from listening, but we learn
enormously from “doing things”. It is also suggested that the higher levels of thinking
(e.g. synthesis and analysis) do not take place during online learning as the student is
simply listening.94
It follows, then, that many educators have commented on the importance of practical
work in the learning process. This would include experimentation with real equipment
in the fields of science and engineering, to assist in knowledge construction and to
provide students with the expertise necessary to tackle real world problems. A laboratory
(or lab, as it will henceforth be called) is commonly acknowledged to be comprised of a
room containing specialized equipment on which experiments are conducted, and after
which results are recorded.96 Typical skills gained in labs range from observational to
manipulative and interpretive.97 Other positive attributes include an increased interest and
enjoyment in the subject and a conversion of the theory into reality.
There has recently been a decline in science and engineering literacy, particularly in the
USA. A suggested solution includes the online mode of learning with labs conducted by
the students at their preferred locations.98 Science courses are seldom offered online,
however, because educators are unsure about the efficacy and validity of the online lab
experience. Furthermore, there are concerns about the safety of students and the liability
of the institution when students conduct physical experiments without supervision.
This book aims to provide you with useful and practical information to set up an online
learning project–particularly if you aim to target engineers, technicians and/or scientists
with a focus on more technology-based subjects. Skepticism is widespread in the
academic community regarding distance learning courses in engineering, largely due to
the perceived difficulties in implementing hands-on labs.99 Despite this, included here is
the wherewithal required to provide a hands-on, experiential approach to the online
learning process using real equipment and laboratories.
There are two possibilities to consider with online labs:100
•

•

Virtual labs involve simulation software running on a host machine. The trick is
to set up realistic simulations with real world situations. Despite this, it is
sometimes felt that students struggle to gain the required skills and adequate
practice, due to their overly theoretical nature.
Remote labs involve real equipment that is situated at a remote location. Possible
hurdles here include the absence of real equipment in close proximity to the
student and the speed of response.

Despite the inevitable detractors, remote and virtual labs are widely considered an
excellent way to share specialized skills and resources over a wide geographical area.101
They can reduce overall costs and improve the educational experience.
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Figure 1.9 gives a diagrammatic representation of a remote lab. Learners are based in
different cities in the world, engaged in hands-on activities with a lab situated in London.

Figure 1.9: Operation of Remote labs.
There are some concerns about the disconnect between the real and simulated worlds and
having the computer as an intermediary between the equipment and the student may be
found cumbersome. Despite this, many feel that the simulated labs are as effective as
traditional hands-on labs.102
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Figure 1.10: Example of a Typical Hands-on Lab
1.12 Why Students Prefer Online Learning
The students themselves explain the positives for engaging in online learning:103
•
•
•
•
•
•
•
•

They can sleep in; many prefer to work late at night.
Online learning provides them the flexibility to pursue other pastimes and/or
hobbies.
There are huge distractions in a school environment especially when peer pressure
is a factor.
They can set their own pace and agenda to suit their own requirements.
Sharing of thoughts and ideas online is felt to be more egalitarian with fewer
competitive pressures (especially for introverts).
There is more flexibility and a greater range of topics available.
It accommodates students with health and disability issues.
Direct communication to teachers and peers is more easily achieved.
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Key Points and Applications
Chapter 1
The following are the key points and applications from this chapter entitled: Introduction.
1. The growth of online education is huge and unstoppable and is claimed to be one
of the ten most outstanding achievements in engineering education in the past
century.
2. The application of any successful technology requires it to become invisible in the
fabric of everyday life. This is true of online education.
3. Much of online learning today is poorly done with high attrition rates.
4. There are five megatrends impacting on education on a global basis:
• Democratization of knowledge and access.
• Increased competition in markets and funding of education.
• Increased prevalence of digital technologies (such as online education).
• Global mobility of colleges, students and resources.
• Tighter integration between education and industry.
5. The traditional lecture is rapidly dying.
6. The world’s finest teachers from elite universities are now presenting in MOOCs
(Massive Open Online Courses) through Coursera, Udacity, and EdX.
7. There is rapid growth in online enrolments with over 60% being adult learners (in
the USA). Fewer than 25% of students between 18 and 22 on US campuses
attend as full time undergraduates.
8. The most popular forms of corporate training are management and professional or
industry-based (e.g. accounting and engineering) with online training making up
at least 20% to 25%, a figure which is growing rapidly.
9. Online education is also driven by the following scenarios: The job market is
continuing to change dramatically; automation of jobs is accelerating; technology
requirements are changing thus requiring more lifelong learning to keep updated;
classroom infrastructure is proving expensive to maintain; lectures are
increasingly regarded as a dysfunctional form of learning and the computer (and
internet) is becoming the key tool for execution of all work activity.
10. Students perform best with blended learning, followed by online learning and then
classroom-based learning (according to a US Department of Education study).
11. There are many advantages of online learning such as convenience, no travel thus
lower costs, pre-packaging of materials and recording allows for “flipped
classroom” and global reach of programs (and more economically viable courses).
12. The disadvantages of online learning include a student’s lack of motivation to
learn, minimal interactivity, the difficulty of providing hands-on learning, poor
quality programs (“shovelware”), expensive courses and a lack of personal
contact between instructor and student.
13. Online learning is not recommended for many situations, such as those requiring a
live human (e.g. First Aid training) or a close reproduction of the real world.
Situations with a small number of potential students that may not have computer
or internet access are also not appropriate for online learning.
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14. There are two main types of online learning: Asynchronous (self-paced often
using a Learning Management System to access resources) and synchronous (real
time web and video conferencing).
15. Probably the most effective form is blended learning, which comprises a
combination of the different forms such as classroom, self-paced web-based, onthe-job training, and web conferencing.
16. Learning is an active process, so merely listening to an instructor is not
particularly effective. Hands-on online learning using virtual (simulations) or
remote labs (using remotely located real equipment) is thus a great solution for
engineering subjects.
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Chapter 2
Creating Useful Education and Training
“In times of change, the learner shall inherit the earth while the learned will be equipped
for a world that no longer exists.”
– James Thurber
Chapter Contents
2.1
Introduction
2.2
Training vs. Education and Knowledge
2.3
The Knowledge Society
2.4
The Target Market for Online Learning
2.5
Informal Learning
2.6
Authentic Learning
2.7
Measurement of the Efficacy of Training
2.8
Two Thrusts in Pedagogy–Behaviorist or Constructivist
2.9
Application to Engineering Professionals
2.10 A Few Final Words
2.1
Introduction
The former CEO of General Electric, Jack Welch, once remarked, “An organization’s
ability to learn, and translate that learning into action rapidly, is the ultimate competitive
advantage”.1 Corporate CEOs realize that training is vital to their competitiveness and to
employee motivation and critical to the survival of their companies.2, 3 This chapter will
look briefly at the underpinning theories and the market before focusing on what
engineering professionals are after in terms of effective training and education.
In a corporate environment, training should be unashamedly aimed at improving
productivity. This is perhaps somewhat mercenary when compared with the more lofty
objectives of education at a university: to increase knowledge.
The target market for online learning will be discussed, then followed by a review of the
rather overlooked topic of informal learning. The importance of knowledge in relation to
work will then be examined. Authentic learning, as a key attribute of all training and
education, will be considered and the efficacy of training and education (or return on
investment) in today’s more challenging economic environment will be debated. Two
thrusts of education pedagogy–constructivism and behaviorism–will then be detailed.
Finally, the impact of training and education on engineering professionals will be
examined. Once these areas have been covered, the book’s way forward will have been
prepared: addressing the real needs and challenges to provide education and training
(focusing on the online methodology) for engineering professionals.
2.2
Training vs. Education and Knowledge
At this early point, the differences between education and training need to be clarified.
“Education” is often considered a process of knowledge acquisition over a protracted
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period of time with a focus on higher level thinking, whereas the term “training” is most
often used to refer to the acquirement of specific technical skills.4

Figure 2.1: Training vs. Education
Generally, these terms are used interchangeably in this book as training has moved
significantly beyond its psychomotor base to incorporate more cognitive content, and
similarly education now often has a more job-oriented, practical focus (e.g. in completing
an engineering degree, industry and job related skills are applauded).5 Training is thus
generally focused on preparing a student for one particular job or activity with a specific
skill or practice (e.g. such as using an item of equipment or engaging in a particular
procedure). Education is aimed at providing a student with a broad range of problem
solving abilities with a strong underlying theory base.
The term “learning” will be used here in a more general sense, as the outcome of both
training and education.
Training and Corporate Productivity
It is important to place the need for training and education into context, as important
drivers of our economic well-being.6 Training is a strategic and critical investment and
one that is becoming even more imperative with equipment growing increasingly
complex. If the maximum possible value cannot be extracted from the equipment
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(including the ability for troubleshooting), the outcome will be a lower return on
investment.7
It is vital that the changes wrought by training are of benefit to the organization–some
return on the training investment must be expected.8 Unsurprisingly, some commentators
have railed against the amount of unproductive training that is conducted.9

Figure 2.2: Effective Training Translates into Productivity Improvements
In the modern workplace, employees educated in a particular body of knowledge are also
expected to be competent communicators–in both written and oral forms.10 This tends to
be more difficult for those who are from an engineering background–a truism claimed by
an engineer!
One of the challenging aspects of effective education is the tying together of theory (why
does it work?) and practice (how does one make it work?).11 To this end, a lab or other
hands-on activity should be closely aligned to the theory and to the real world. This
ensures that the student can test ambiguities and errors possible in his work environment
and contrast them to what the theory would have predicted. When this is effective, the
learner will be qualified to work on and diagnose problems in a range of real devices, not
just on the one used for training.
From an engineering point of view, one of the challenges with training in this area is the
diminishing number of experienced instructors available due to aging, and also in part
due to inadequate interest in the engineering and sciences by the younger generation in
the Western World.12
Wisdom is the End Product
It is useful to take a graphical view of the basic path education takes, from “data”,
“information”, and “knowledge” to “wisdom”.13 “Data” are collections of unrelated facts
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whereas “information” is essentially data related to other data. “Knowledge” then can be
considered to be organized information such as theories. When the knowledge is applied
in a work context, the design of a useful item of equipment for example, this is referred to
as “wisdom”.

Figure 2.3: Moving from Data to Wisdom
Different Levels of Knowledge and Online Learning
Care must be taken when designing and conducting online learning to ensure that
students learn deeply enough to enable critical thinking. There has been some concern
that online courses "spoon-feed" students and therefore limit their ability to manipulate
ideas or move beyond the concrete level of thinking. It is imperative that students are
able, through their learning, to apply higher order skills such as the analysis and
evaluation of situations.14 This is considered shortly in the discussion on Bloom’s
Taxonomy.
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Figure 2.4: Myths of Online Learning Have to be Dispelled
As knowledge and its availability are expanding at such a fast rate, it has become
important to know where to find it, to determine its validity and then to use it
appropriately. Involved in this process is the ability to think creatively (and laterally) and
to perform problem solving and decision making in a logical and structured manner.
Bloom developed a model to break critical thinking up into a hierarchy ranging from
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recall, at the bottom, up through comprehension, application, analysis, evaluation and to
the highest which is creation. Note that revisions were made to the original Bloom’s
Taxonomy in 2001. How is this applicable to engineering education and the acquisition
of technical skills?15 A few examples are given below.
Examples of the application of Bloom’s Taxonomy (as in figure 2.5) are as follows:

Figure 2.5: Bloom’s Taxonomy
Remembering (the lowest level). Online learning activities can test a student’s ability to
recall using tests and quizzes (and sometimes assignments). Information simply has to be
regurgitated. An example could be to show recollection of Kirchhoff’s Current Law by
identifying the correct formula in a quiz containing a range of formulae.
Understanding. This requires an understanding of the materials in order to respond to a
question based on the content. An example from the field of civil engineering is to
understand the characteristics of a concrete beam by comparing the durability of it with
one that has been reinforced by undertaking various tests.
Applying. The student has to apply information learned to a new situation. For example,
by comparing differently-sized electrical conductors with different voltage drops, it
should be possible for a student to establish that the larger the current carrying conductor,
the lower the voltage drops along the cable.
Analysing. This is the ability to break down a concept into its components and to analyze
their structures and the relationships between the individual components. This allows a
student to reorganize the components. An example of this process would be to take a
schematic of an electrical distribution network; to analyze the different power flows and
to assess whether the power system protection settings for each component circuit are
acceptable and to suggest changes if required.

43

Evaluating. This requires the student to review the value or worth of a concept or
component based on predefined criteria. For example, the student is provided with
submissions from four different vendors of control systems against predefined criteria in
a tender document and has to assess the strength or value of the product (and service)
propositions from each vendor and then rank the offerings.
Creating (the highest level). This involves combining the individual components into a
new working product, or restructuring the existing components into a new system. For
example, a student is given the individual components of an hydraulic circuit and has to
assemble them into a working product to handle a particular application.
Online education, traditionally, has been very good at transmitting information to
students; but perhaps not always so good at getting students to apply, analyze, evaluate
and create with the knowledge received. This is why the value of bonding the gifted
instructor with the student is as vital as ever, no matter how remotely they may be
located. To ensure the levels of learning are acquired, further consideration of the online
teaching methodology is necessary. Alternatively, the local university (local to the
student) may still be able to effect this final transformation of knowledge into a true
learning outcome.
Learning is an active process.16 We don’t learn much from listening. We do learn
enormously from ‘doing things’, however. It has often been suggested that the higher
levels of thinking (e.g. analysis, evaluation and creation) do not take place during online
learning as the student is simply listening (a similar scenario in a lecture theatre?).
Although this may be true of much of online learning, the higher levels of thinking can be
effectively provided in online courses.
2.3
The Knowledge Society
The famous management thinker, Peter Drucker, wrote that the next society that we live
in will be the knowledge society, with its key workforce component being knowledge
workers.17 The three main characteristics of this society will be borderlessness
(knowledge travels easier than money), upward mobility for everyone (once you have
acquired the relevant knowledge) and the potential for failure and success (while most
can acquire the appropriate knowledge, not everyone can win).
The term “knowledge worker” has traditionally referred to such professions as engineers,
lawyers, teachers, accountants and doctors, but those not greatly considered are the
“knowledge technologists” (as Drucker refers to them) who are likely to be the dominant
component of the workforce in the 21st Century. This includes workers such as computer
technicians, programmers, lab technicians and manufacturing technologists.
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Figure 2.6: Various Incarnations of Drucker’s Knowledge Worker
In the past, they would have been engaged in manual tasks, but now they are
manipulating large amounts of complex knowledge (including theoretical knowledge)
and using computers (often working remotely) to affect work results. They generally
acquire their theoretical knowledge through formal education and on-the-job training
from their peers and mentors. With the emphasis on knowledge as opposed to gaining
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manual skills (e.g. building up prowess in bricklaying, where hands-on skills are acquired
through practice on a building site), the opportunities for imparting such expertise online
is obvious and the need for such education is expanding.
2.4

The Target Market for Online Learning

Attributes of a Changing Generation
Changes between generations are fairly slow and any belief that the new “digital
generation” is dramatically different to earlier generations is flawed.18 The current
generation, however, is undoubtedly more familiar with digital media. Another trend seen
in this generation is the decrease in traditional literacy and general factual knowledge, but
an increasing sense of entitlement in terms of services and technology.
Massive investments made into telecommunications and computer technology have done
little to reverse the trend. For example, reading proficiency in the USA dropped from
40% to 35% between 1992 to 2005.
The “Net Generation” (born between 1980 and the present) refers to the generation of
people who have had ready access to computers and the internet and who are expected to
be proficient in the use of the technology.19 This generation tends to expect products and
services to be delivered immediately, customized to their needs, conveniently accessible
and under their control. They are not particularly satisfied with being passive consumers
and in order to accelerate this process they have taken control of designing, producing
and distributing content, services and products themselves. Surveys show that students
from this generation (and other earlier ones) spend a prodigious amount of time on the
internet researching and writing assignments, instant messaging, email and surfing the net
(for 15 hours or more per week).
Surveys of first year engineering students at Virginia Tech in 2010 showed a considerable
inclination and ability to multitask (for example accessing the web, texting and emailing
simultaneously) with 93% reporting that they could do two or three simultaneous tasks
while working on academic work.20 The result is a weakened ability to focus on
individual tasks competently and adverse effects on memory recall.
The “Net Generation” are also referred to as “kinesthetic learners”, meaning that they
supposedly learn best through “doing, experiencing or being involved”.21 Students in
engineering are generally oriented towards problem solving, designing and creating
things and new technologies and it is therefore imperative that the learning and labs
facilitate this. However, it is felt that in Australia and much of the Western World (at
least) this need is not being satisfactorily met due to poor lab infrastructure. This point
will be addressed in more detail in Chapters 8,9,10 and 11.
Two major groups of students have been identified at Australian universities and by
extension, in most others in the western world: traditional students (post high school, fulltime, between the ages of 18 and 24) and non-traditional students (with additional roles
such as parent, employee, business owner).22 Mature age students would fall into this
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second group, although they are a large and defined subset of students, as will be
discussed in the followed section.
Attributes of Mature Age Professionals
Mature age students are often considered better candidates for online education, as they
tend to be more independent. They also prefer the flexibility offered with online learning
as it enables them to juggle work and life commitments.23
Experts such as Knowles indicate that adult learners require three things, in terms of
learning.24 They need learning that is:
•
•
•

relevant to their jobs and/or careers.
capable of translation into immediate applications
containing access to actual hands-on practical exercises.

To extrapolate, Knowles has made the following suggestions for creating a successful
environment for adult learning.25 He asserts that an adult learning environment needs:
•
•
•
•
•

A supportive environment focusing on content and concepts rather than
individuals.
Unerring and ongoing focus, throughout the course, on adult learning.
A course plan and structure with clearly defined objectives, outcomes, resources,
materials and a time line.
Movement from the general to the specific in the presentation.
Active participation with breakout and study groups normally generating great
results.

Put in another way, factors that motivate adult learning include expertise of instructors,
relevance of content to their work, choice in applications of recommended methods,
implementation of methods to practice (and then reflection on generalizing the outcomes)
and working in a collaborative way to facilitate knowledge and experience sharing.26
2.5
Informal Learning
A critical part of training and education, which is often ignored due to its lack of
structure, is informal learning.
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Figure 2.7: Examples of Informal Learning
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A suggested definition of informal learning refers to a process that is neither determined
nor designed by the organization and is not necessarily aligned with organizational goals.
It occurs during team sessions, meetings and when working with customers and suppliers.
It includes the mentoring or on-the-job training of new recruits, exploration by staff
members, all forms of communication and inadvertent cross-training. Documentation
assists the learning and obviously it occurs when a person simply does their job and
works in the industry. The environment or context in which the work activity occurs
plays a huge part in the acquisition of knowledge and skills. Formal learning should not
be discarded, however; the opportunity to significantly add value to an individual’s
learning is through linking them together effectively.
The US Department of Labor’s Bureau of Labor Statistics (1996) indicated that as much
as 70% (some pundits put it at 80%) of all workplace learning may be informal–that
which takes place outside the traditional formal training environment.27, 28 Informal
learning should, therefore, be considered when formulating any program of education or
training, as it accounts for so much of a worker’s competence on the job, skills and
knowledge acquisition.
More specific and typical examples of informal learning when faced with problems at
work include:
•
•
•
•
•
•
•

Emailing a query.
Performing a Google search.
Consulting with experts.
Chatting to colleagues in a meeting or over the "water cooler"
Testing various approaches using trial and error.
Using social networks.
Instant messaging, texting and video collaboration.

Informal learning is the grandfather of learning. In the Middle Ages, for example,
trainees were indentured to master craftsmen/women. His/her skills were transferred
through thousands of minute training interventions (over many years), without any formal
methodology.
And still today, as mentioned, Bersin has estimated that 80% of training is conducted
informally.29 For engineering professionals too, 80% of their learning occurs on-the-job
rather than through formal processes.30
Contrast this to formal learning, which is effectively a curriculum often defined by a
committee, and which may not match each learner’s needs. Formal learning has a
designated start and finish with some sort of recognition at the conclusion of the process.
Informal learning, conversely, is never-ending without formalized sessions. The latest
technologies, including social networks, are a powerful and modern form of the method
as they enable information transfer via human conversation. It offers a great way of
tapping into the experience held by retirees, no matter where they are based. Their
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reserves of knowledge can be transferred quickly and effectively through the modern
communications networks (on which the web is based). According to Bersin, informal
learning can be categorized into:
•
•
•

On-demand learning or self-study learning using books, videos and podcasts.
Collaborative learning. This also includes the use of coaches and mentors and
communities of practice.
Embedded learning that is comprised of checklists, reference cards (for instance,
how to use your photocopier to print an awkwardly sized image) and help systems
in the software of your application.

One suggested (but debatable) model for blended learning is based on the principle of
70% on-the-job learning, 20% from peers and 10% from formal learning.31 Despite the
lowly 10% suggested here, formal learning still plays a key part in the training process.
For example, to use a software tool, on-the-job trial and error (and by consulting a
manual) could be a solution to gaining the basic knowledge, but by attending a sharply
focused and intensive training event proficiency with the tool is likely to be gained more
quickly.
Working on your own with the much vaunted discovery learning is not necessarily the
best strategy, particularly for novice learners. Guided learning, from knowledgeable and
enthusiastic instructors who employ worked examples related to the topics of study, is a
more substantial and recommended approach.32 In fact, a concern with the free
availability of resources on the internet (especially worked solutions to problems posed)
is the very real possibility that these solutions are actually incorrect.33
One strategy that’s recommended for colleges and universities but has thus far proven
difficult to achieve is the linking of their classroom teaching to work sites and industry,
tying together formal and informal learning for optimum results. Online learning can
certainly assist with this endeavor.
2.6
Authentic Learning
Technology can, and should, be used to support authentic learning rather than as a mere
convenience or entertainment.34 By “authentic”, we mean that the learning has real,
practical value for the learner. Meaningful learning using new technologies, however,
will only occur if it relates closely to the leaner’s work context.35
An authentic learning environment (which can be greatly assisted with technology tools
such as videos, blogs, wikis, synchronous web conferencing, podcasts, communities of
practice, emails and discussion boards) includes:
•
•

An authentic context. The learning environment should not only reflect the real
working world, but should be holistic and all-embracing.
Authentic activities. The learning should focus on the real activities students that
will undertake in the real world over an extended period of time and which are
generally ill-defined.
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•
•
•
•
•
•
•
•

Expert demonstrations.
Multiple access and perspectives from various sources of learning.
Time for reflection on the learning that has occurred.
Collaboration with other learners.
The articulation of what has been learned using presentations and video
production.
Coaching and scaffolding by the instructor using hints, reminders, prompts and
feedback.
Integrated assessment of activities that are seamlessly built into the learning
activity.
Continuous professional development of the educators and trainers on the latest
developments and applications in available learning technologies.

Industry requires proof of the value of training with a close alignment to their financial
goals. It is important, therefore, that the authenticity and value of the training is clearly
demonstrated to business by the training provider.
2.7

Measurement of the Efficacy of Training

Five Evaluation Levels for Measuring the Efficacy of Training
In an engineering context it is a worthwhile exercise to evaluate training, to ensure that it
meets the required standards.
By building on Kirkpatrick’s model, Phillips identifies five levels of measurement to
assessing the efficacy of training:36
Level 1
Level 2
Level 3
Level 4
Level 5

Reaction and planned action. This measures participant satisfaction with
the course and captures planned actions.
Learning. This measures changes in knowledge, skills and attitudes.
Application. This measures changes in on-the-job behavior.
Business Impact. This measures changes in business impact variables.
Return on Investment (ROI). This compares program benefits against the
costs.37

Put another way, the first four can be rewritten as:
Level 1
Level 2
Level 3
Level 4

Reaction – Did the participant like it?
Learning – Did the participant learn?
Behavior – Did the participant use the knowledge?
Results – Did the training result in a monetary benefit to the company?
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Figure 2.8: Philips Building on Kirkpatrick’s Model
Level 1 is always measured through so-called smile sheets, but little correlation has been
shown between this and level 2, which considers how much the participant learned. In
other words, enjoyment of and benefit from training are not always correlated.38
Return On Investment (ROI)
A key driver in using online learning and blended learning is reduced costs. Online
learning has often been considered one of the best ways to achieve significant savings,
but when the potential problems with poor learning outcomes are considered it often
proves more costly in the long run than face-to-face instruction.39 For instance, if a
poorly-executed online course leaves trainees undereducated in a specific topic, it can
lead to wasted hours by the employee and wasted money for the company. Add to this the
cost of re-training the employee, and you can see where the problem lies.
There are, however, enticingly significant savings that can be made through online
training–as long as the substance of the training can be guaranteed. The list that follows
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(some of which have been mentioned) indicates the typical, quick cost benefits that can
be gained from online learning:40
•
•
•
•
•
•
•
•
•

A reduction in training costs through savings on travel, accommodation, venues
and materials (for both instructors and learners).
The rapid launch and implementation of training products into the market.
A reduction in staff turnover by providing more challenging and interesting
training.
The minimization of downtime due to quicker access to pertinent information.
Improved productivity.
Lower per unit costs of training materials due to re-use.
Improvement in customer satisfaction and thus retention and greater sales.
Improved quality of products and services for customers.
Employment and retention of better quality employees.

ROI is defined in accounting terms as earnings divided by the investment made to
achieve these earnings.41 The measurement of ROI is particularly difficult to do each time
some training is undertaken, due to the depth of research required of a particular
company’s processes. ROI is used in the context of a comparison of blended and online
learning against that of classroom training. Generally, there is difficulty in assessing each
company’s increased revenue or the savings that directly originate as a result of the
training expenditure.42
In calculating ROI for online learning it was presumed, at worst case, that there was no
difference in the learning output (behavior, knowledge and skills) no matter the
methodology; online or classroom based. The focus of ROI, therefore, is the savings that
online learning can generate when compared with classroom training (as discussed
below).

Figure 2.9: Online and Other Classroom
In terms of asynchronous (web-based) vs. synchronous (for example, videoconferencing)
online learning, there is one main cost difference.43 This involves the cost of adapting
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materials to be placed on the web server for asynchronous online learning. The initial
costs of asynchronous web-based training are often considerably higher than for
synchronous videoconferencing, but the incremental costs are much lower. Once the
material is prepared, students can access it without the requirement for costly human
intervention. Web and videoconferencing, on the other hand, cannot claim this saving.
A variation of the above formula for calculating ROI is to divide the savings produced
through web-based training by the additional initial investment it required as follows:44
ROI = (Total costs for classroom training – Total costs for web-based training)
(development costs for web-based training – total development costs for
classroom training)
and quoted an example as follows:
ROI = ($513,000 - $338,500) x 100% / ($160,000 - $20,000) = 125%
Where:

$513,000 was the cost of classroom training
$338,500 was the cost of web-based training
$160,000 was the development cost of web-based training
$20,000 was the development cost of classroom training

ROI must be the ultimate measure of evaluation from a business and corporate
perspective–and for any activity within a firm to be sustainable it must be measurable.
The main payoff of the ROI methodology is that it allows the justification and defense of
budgets for online learning.
In a survey, cost benefits for web-based courses in a Bell Canada pilot project had ROIs
ranging from C$3 for every C$1 spent to C$33 for every C$1 spent.45 The synchronous
training and the asynchronous training savings per student were C$1103 and C$702
respectively. The main savings came from the ability to train numerous students without
large incremental costs. Furthermore, it was deemed more efficient with fewer training
hours necessary to deliver a given course (the so called Compressor Factor).
2.8
Two Thrusts in Pedagogy–Behaviorist or Constructivist
Whilst these terms may sound somewhat theoretical, conceptually they are quite
straightforward and are important considerations in the context of online learning for
engineering professionals.
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Figure 2.10: Behaviorism vs. Constructivism
The first pedagogical approach is behaviorist/objectivist. This is often considered the
traditional form of classroom teaching where the “teacher teaches” and the learners
eventually show a different behavior based on their degree of learning. The entire process
revolves around the teacher with the learning process acting upon the students and
manifesting behavioral change. This model ignores the key fact that a teacher cannot
“learn” for a student; only the student can undertake this.
The second pedagogical approach is constructivist. This occurs when the students
actively engage in their own learning and the teacher is more of a facilitator. Use of the
constructivist model is considered vital for successful online learning, especially as the
learners are separated from the teachers and more responsibility is required on their part
to take ownership of their learning. Sometimes, the behaviorist approach is referred to as
using the “sage on the stage”, against that of the constructivist model where we have the
“guide on the side”.46
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Figure 2.11: Sage-on-the-Stage Against Guide-on-the-Side
Encouraging students to embrace active learning with the constructivist model is not
always easy. Depending on the type of students engaged in the learning, resistance and
dissatisfaction from students is often the end result. Sometimes they believe that they
have actually learned less with this approach, as students often prefer to be “spoon-fed”
by a teacher rather than have to engage and think during the leaning process!
The constructivist model revolves around the learner constructing knowledge by
interpreting and assessing the world and making sense of the new inputs in context. In the
construction and expansion of a new mental model, comparisons are made with the
student’s existing model (or information base), with new data coming in. Discrepancies
are then assessed and a new, modified model (or understanding of the world) created.
Constructivist theory posits that each learner develops an individual perspective of the
world by building on his or her existing knowledge, experiences, personal interests and
goals.47
The theory of constructivism (conceptualized by Jean Piaget) is that all knowledge is
constructed by the learner.48 The learner actively tries to derive meaning from the
knowledge and thus constructs new knowledge. This is in contrast to traditional thinking
where the learner simply copies ideas from lectures onto the blank slate of her mind. The
philosophy of constructivism indicates that learners will construct their own unique
meanings of a concept therefore making it difficult to assess students on meeting
normative goals.
Another term often heard is constructionism (proposed by Seymour Papert, a student of
Piaget) which is based on constructivism but is more of an educational method.
According to this theory, learning is most effective when constructing a public artifact
such as an engineering software design program or electronic circuit. Others can observe
the artifact, critique it, make or suggest modifications and apply it to their activities. This
strengthens the learning experience for all parties as complex activities such as problem
solving and interaction with the environment and others are involved.
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Following on from this, it should be noted that experiential learning is so powerful thanks
not only to its repetition but also to the enormous variety in the new information
confronting the learner.
Some of the constructivist approaches for online education involving active learning
include real world experiences, written essays, multiple choice quizzes, collaboration
with other learners and working in remote or virtual labs (with a strong hands-on or
experiential component).
It is suggested that an improvement of up to 30% can be achieved in the learners’ grades
with experiential lab work; also combined with collaborative work in groups on the lab
experiments and then presenting the results to the rest of the class.49
A great deal of importance is attached to experiencing something in knowledge
construction. Experience does considerably more than simply reinforcing mental models
through a repetitive application of skills. The key attribute of experience (such as using
hands-on training in a lab environment) is to allow the learner to experience a high degree
of variety in the knowledge construction. This exposes the learner’s current mental model
to a high level of testing in terms of similarities and dissimilarities, for example.50
This is visited in greater detail in the chapters on labs, but summarized here are other
suggestions for improving the quality of learning:51
Failure. When the course provides unexpected results for a learner. A good example here
is a lab experiment where the results are often characterized by error in the observations.
Emotionality. Where the learner has to have some emotional response during the
learning process.
Reasoning. Where the learner has to work out what is happening with the experiment and
why a specific result arises.
Observation. Where the learner watches and notes certain outcomes to an experiment or
activity.
Practice by doing. Where the learner executes certain hands-on tasks in the experiment
Motivation. Where the learner is motivated to complete the course or experiment.
2.9

Applications to Engineering Professionals

How Jobs are Developing
It has been observed over the past few decades that jobs are requiring less hands-on
experience and more cognitive capabilities.52 The latter requires an increase in technical
knowledge, excellent communication skills and collaborative team working abilities.
Most of the job growth in the past 36 years has been in jobs requiring some tertiary (post
high school) education, and most of the growth today is in companies with fewer than 500
employees.53, 54 This implies that the most successful companies have fewer employees,
but that those employees are more highly educated, potentially in specific areas.

57

Talent is in Short Supply
The World Economic Forum in 2011 remarked that despite high levels of unemployment,
talent was in short supply.55 This is especially obvious in the engineering world.
A basic troubleshooting ability in engineering professionals is considered, by some, as a
key requirement. For example, automation technicians, technologists and engineers
should possess an ability to troubleshoot the control system for a process plant when it
does not perform as expected. The most difficult skill, however, in remote monitoring is
to convert data into useful information which can be acted upon.56
Many university graduates simply do not have the skills and expertise required. Boeing
and Siemens are good examples of corporations addressing this collapse in skills that
were formerly taught in schools. They have launched apprenticeship programs in their
manufacturing sectors. Adding to the problem is the issue of jobs becoming more
specialized, making it difficult to provide specific skills on-demand.
Furthermore, jobs are changing swiftly and dramatically. In the USA the top ten jobs in
2010 did not exist in 2004. Universities need to urgently re-examine their offerings and
methods of instruction.57
Another shift in an employee’s attitude involves his allegiance to an organization. In the
current work environment, employee loyalty is a far more flimsy thing and workers no
longer have expectations of long-term employment. Corporate training is transforming
itself too; it’s moving from a centralized model to one where there is a focus on building
up capability using a combination of formal and informal learning, social tools, expertise
networks and performance consulting.
How Engineering Education and Training has Developed
Engineering education, up until the 18th Century, was largely hands-on.58 It remained this
way, but with increasing amounts of theory being built into it, until about 30 years ago.
At that time, there emerged a strong emphasis on lecture-based education with
considerably less activity in the lab and workshop. This was mainly driven by the
increasing costs of rapidly changing lab equipment and student numbers.
Engineering education has always been based around content, design and problem
solving.59 Three areas of skill development are considered essential in engineering
education: (collaborative) problem solving, teamwork/teambuilding and communications
skills. These are now emphasized by engineering degree accreditation authorities.60 A
detailed set of requirements for labs, as put together by ABET (The Accreditation Board
for Engineering and Technology), is covered in Chapter 8.
It is suggested that students have a maximum attention span of 10 to 18 minutes during a
lecture.61 In a typical 45- to 90-minute lecture, each shift in focus further reduces the
attention span.62 By combining the lecture with experimentation in the classroom, interest
levels are maintained better and renewed less often, which helps learners to make more
sense of the content covered. After all, engineering is an applied science.
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Despite all the techniques touted for learning improvement, it should always be borne in
mind that self-efficacy is the key to such success in science, engineering and
mathematics. Studies have shown that one of the strongest indicators for success (both
achievement and persistence to complete) in mathematics is self-efficacy–the personal
judgment of one’s ability to successfully complete a task.63
Hands-on Work
Engineering education distinguishes itself from that of other disciplines by requiring
practical training using laboratories and (electronic) equipment, where the theoretical
materials are tied into the practical laboratories. In the context of online learning,
therefore, it is clear why remote labs (and simulation software) become attractive.64
My father used to remark that a professional engineer’s often arcane and complex designs
are nothing until an electrician picks up a screwdriver and commences work towards
implementing them. However, the plant electrician today is more likely to be using a
computer to diagnose and investigate problems in the plant. While it is unlikely that
manual skills and the dexterity necessary to wield a screwdriver, drill and spanner will
ever be dispensed with, there is an increasing emphasis on using cognitive skills and the
computer at work–a morphing away from the purely physical.
When it comes to training, research indicates that the hands-on approach is regarded as
the ideal approach. According to Wikipedia, “Hands-on” refers to human interaction,
often with technology. It implies active participation in a direct and practical way. While
this implies a physical intervention with a hand tool (as discussed above), it simply means
working with the technology and equipment relating to the job.
A common remark about engineering education is that in transferring knowledge we
focus too much on lectures and, often, outdated lab work.65 Instead, active learning, with
its emphasis on hands-on experiences, is believed to more effectively increase student
understanding and competency in a subject.66 The challenge for online learning,
therefore, is to ensure that active learning remains a significant part of the process.
Formal Versus Informal Training
As discussed earlier, the suggestion has been made that formal training only accounts for
5% to 10% of how people, especially engineers and technicians, acquire job skills.67 The
remainder is as a result of informal learning. Those working in an R&D environment are
likely to use many aspects of their four-year engineering education. Others, however, will
notice how little of the vast amounts of theoretical content provided at university is
applied to the job–and this encourages us to realize that the statistic above has an
ominous ring of truth to it. Academic gain-sayers will argue that they teach students to
think, and that it is not all about content.
Expert level skills are not based on internal talents, but are as a result of significant levels
of practice.68 The process should not involve rote learning, but have learners engaged in
feedback about their own activities.
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Application to Online Education
Most online engineering education has focused around the provision of master and
certificate (presumably graduate certificate) programs.69 There are several reasons for
this:
•

•
•

•

The first two years of an undergraduate engineering qualification are heavily
focused on mathematics and science, subjects that have proved more difficult to
learn online.
Laboratories are a core part of undergraduate engineering education and they are
considerably more difficult to do online.
Postgraduate engineering education is easier to implement and often does not
attract attention from national accreditation systems that tend to focus on
diplomas and bachelor degrees.
Certificate programs are short and very focused, hence very attractive to the
working professional; even a master’s degree is about a quarter of the required
hours for a bachelor of engineering.

Partnerships between different institutions providing online engineering education can
work, particularly at the bachelor level.70 They provide manifold benefits such as
increasing choice, flexibility, reduced costs (for the institution, at least), creativity in
design and improved collaboration.
Stanford University Engineers have their Say
A survey by Stanford University’s Center for Professional Development asked what
engineers wanted from continuing education programs.71, 72 The responses indicated that
the following are essential:
•
•

•
•
•
•

•

Access to learning anytime, anywhere. This strongly suggests the need for
online learning.
Convenient choice in methods of learning. This suggests that engineers want
the freedom to be able to select online, classroom or blended approaches as
convenient for them.
Real world learning. Engineers want a strong focus on real applications–
problems and issues–as opposed to a theoretically oriented university approach.
Customized learning. This is perhaps the most difficult to satisfy–learning that is
tailored specifically for the individual, addressing specific learning gaps.
Learning communities. Engineers indicated they wanted to learn in groups
comprising likeminded peers from all over the world.
Ongoing learning advice from the university. This refers to the university
identifying gaps that naturally develop in an engineer’s know-how as technology
moves forward. Ongoing alumnus support and advice from the university,
throughout the graduate's career, would also be required.
Preview of learning materials. Inappropriate training abounds, resulting in
engineers preferring to preview course materials prior to commencing. Further to
this, touching base with past students can help communicate the value and impact
of the learning.
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These requirements should be seen in the context of a post-bachelor degree; a graduate
certificate or master’s degree. From an engineering point of view, at this stage in their
studies, the online format is appealing. Most engineers are working and online learning
offers flexibility in terms of time and travel. They also have the requisite motivation to
complete an online degree.73
Continuing Distance Education and what Engineers in the US Want

Figure 2.12: Examples of Various Forms of Continuing Education
A survey of practicing engineers was completed in 2000 by the University of Cincinatti.74
Approximately 150 responses were received from the 1,000 surveys mailed out. The age
of the respondents ranged from 23 to 64 with an average age of 38 years. The educational
levels included bachelor (62%), master’s (34%) and doctorate (4%). There was high to
moderate interest of 70% against no interest of 3% in continuing education. Inevitably,
engineering management responded with the highest level of interest at 62%. This was
followed by computer science and engineering at 40% each then through to mechanical
and manufacturing engineering at 35% each. 20% to 30% was attributed to
environmental, electrical, civil and environmental management. There was strong interest
in participating in non-credit professional programs (+80%) vs. pursuing an advanced
degree such as a master’s (estimated at 40%), with the remainder of the responses
favoring Graduate Certificates (~40%) and in maintaining their engineering certification
(~30%).
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The suggested approach, then, is to establish a program where the individual modules
build up a student’s credits towards a master’s degree. The format/structure should not be
constrained by the academic calendar or by time or place. Technology support for the
inevitable and irritating problems encountered when operating computers is vital.
Interestingly, there was a strong interest in lifelong learning from those older than 40
years of age (over half the respondents). This indicates the danger of targeting recent
graduates in any proposed training and education program.
Training and Online Learning: Research on Engineers
Research has been conducted into the training situation of engineers and technicians with
a focus on online and blended learning.75, 76 The initial survey, to over a 100,000
engineering professionals (with 2500 respondents), was aimed primarily at industrial
automation professionals–a narrow discipline in engineering–but also included a small
and uneven distribution of engineers and technicians from other disciplines. This colors
the results and cautions the drawing of conclusions for all engineering disciplines.
Some Results
The target audience for the survey was mainly engineers and technicians with a smaller
proportion of managers and very few tradespeople and operators. The dominant job
function was in engineering maintenance (59%) followed by research and development
(14%).
Only 4% of the respondents were female. There is no doubt that females are considerably
under-represented in engineering. There is more evidence latterly, however, of a stronger
enrolment of younger females against younger males in engineering than in earlier years.
The overwhelming bulk of respondents were over 30 years of age. There is evidence that
the traditional western economies (North America, Canada and Europe) are experiencing
a greater aging workforce than in other regions. Problems will be encountered when their
wealth of knowledge needs to be transferred across to younger workers. Furthermore, as
these numbers imply, there is a need to accelerate the number of young entrants joining
the engineering workforce, with serious shortages of engineering personnel predicted
over the next decade. The most active areas for employment for engineers and
technicians would appear to be in manufacturing, consulting and contracting, oil and gas
and public utilities. Interestingly, almost a quarter of the respondents came from firms
with fewer than 100 employees followed by those with 101-500 employees. The
educational level was strongly oriented towards graduates or advanced degree holders
who made up most of the sample.
The quality of formal education from universities (as compared to that from other
sources) appears to be one of the more highly regarded forms of training on a global
basis. The number of hours of training provided to personnel in these companies appears
adequate, with an average of 65 hours per year (40 hours for the statistical mode). What
is of concern, however, are the significant number of employees (mainly in the smaller
companies) who receive very little or no training. Many respondents were critical of their
management’s neglect and attitude to training.
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Application to Engineering Education
There is certainly scope for improvement on the current approach in education for
engineers and technicians. There is ample evidence, at the level of the local technical and
community-based colleges, of a tedious lecturing approach with predictable laboratory
sessions. In making any improvements, the current student profile should be taken into
account for the two main categories of engineering education programs. The four-year
engineering degree programs comprise mainly traditional 18-25 year old students, whilst
the two-year associate degree programs have a large number of mature age students, who
are likely to be working. In order to provide a high-quality learning experience for these
learners, a number of suggestions should be taken into consideration:77
•

•
•

•
•

•

•

•

Place the instruction in the context of the real world and real systems, then ensure
there is clarity for the students on how the individual course modules fit together.
This will provide a holistic educational experience.
The learning outcomes provided to the students need to be measurable, but also
linked to the requirements of industry.
Provide ongoing (formative) feedback on how each individual student is
performing through a variety of means. Ensure this remains focused on the real
world–one in which they are going to be applying their knowledge.
Get students to undertake practical experience, experiments and tasks prior to
engaging in an in-depth theoretical discussion and analysis.
Put the students into teams to collaborate together in solving real world problems
and designing products. Ensure they spend adequate time together reflecting on
the work that they have done.
Use active learning wherever possible to maximize their hands-on work. This
could involve such activities as actual hands-on experience, problem solving
exercises, the analysis of existing products and the design of new products.
Encourage students to develop their abilities for learning independently of the
instructor and to actively seek to fill in the gaps in their knowledge (and thus build
up so-called “metacognitive” skills).
Build up strong academic-industry linkages. Local industries can provide real
support in terms of equipment, advice, curriculum development, on-the-job
training, and internships and eventually provide a seamless path to employment
(if required).

2.10 A Few Final Words
The odd thing about education is that the lecture format is still the dominant one used for
teaching, despite research indicating dubious benefits from it.78 A high level of
interaction is a critical ingredient of successful teaching and learning–online or
otherwise–and this is often lacking in the lecture format. Lecturing has been around at
least a thousand years; it is referred to in the mediaeval Latin schools of the 12th Century.
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Figure 2.13: The Classical Lecture in a Classroom
Admittedly, the technology of lecturing has evolved to some degree; from a master,
perhaps under a tree, to classrooms, blackboards, whiteboards, overhead projectors and
latterly to PowerPoint slides (often based around a web conferencing software
whiteboard). The emphasis today, with online education, is still to take lectures and to
provide them as recordings–video or audio or both. More engaging and successful are the
classroom lectures that use classrooms transformed into studio-type labs. Here, the
students interact in groups with the instructor, equipment and computers and there is a
high degree of interactivity in the learning process.
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Figure 2.14: Interaction Between Instructor and Student Works
Lecturing has survived for so many years because we tend to employ what has already
been modeled. It is also easy and cheap, with fairly predictable outcomes. It represents
very little risk for the instructor and is expected by the students. Most learning institutions
are built to facilitate lectures; with their lecture rooms/theatres, timetabling and use of
staff. Finally, it is a very reliable way of reaching large groups of students.
There is strong evidence that online education is at least equivalent to traditional
instruction for gaining knowledge and in problem solving–but in moving from one form
of technology, such as traditional classroom based lectures to online learning, the key to
success is to break the old mold.79 It is imperative that new approaches are experimented
with in order to optimize learning.
Bear in Mind
It should be again emphasized that simply creating handouts or slide presentations is not
going to facilitate learning.80
Preparation and an increased level of participation in class is critical to improving
students’ motivation, learning and level of critical thinking.81
When the instructional method includes self-directed learning, group discussions and
reflection on concepts, students are likely to engage more deeply in the process and to
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self-regulate their learning effectively. To maximize the efficacy of the learning,
however, the instructor needs to give strong and continuous support to the student.82
The position of the learner and teacher can often be inverted, where learners build their
own training resources and instruct.
Lessons from Socrates
Programming exercises (referred to as the Game Motif method) based on the
programming languages C++ or C# were created at the Wentworth Institute of
Technology. These were non-traditional and were aimed at developing basic skills and
knowledge to build complex game systems.83 The learning principles were built around
the Socrates method. Teaching (and learning) with this philosophy is based on asking a
series of directed questions to help the student identify the truth. The Socratic instructor
acts as the guide and coach and avoids ever providing a glib answer to a student’s
problem. All programming exercises are designed for independent learning, in the
classroom or online. This appeals to the modern generation of game players who thrive
on collaboration with others. They are used to seeking knowledge on the internet and
have indulged in multiplayer games on the web. Instructors often work with their
students, on a one-on-one basis, working through problems, but never giving “pat”
answers.
In conclusion, learning programming for gaming applications makes significant demands
on students who generally rise to the challenge. The approach described above, coupled
with the use of the Socrates method, can result in superior outcomes in student
performance. This approach may not always be suitable for other more prosaic
applications such as in the financial, administrative and manufacturing areas.
An interesting comment was made by R.L. Moore, a famous proponent of one of the
Socrates’ methods (“The Discovery Method”): “That student is taught the best, who is
told the least”.
The Importance of Intrinsic Goals
Research indicates that those students who are most successful in distance learning have
intrinsic goals, value their learning and believe in their learning abilities and
achievements.84 An intrinsic goal in learning involves an interest in the content, which
results in the ability to more ably grasp the key elements in the materials. The process of
assimilating the material is found to be pleasant. Furthermore, the gaining of the knowhow is sufficient, as an end in itself and no other objective is required. Success for the
students with intrinsic goals was more likely when they were able to stay focused on the
learning tasks, with distractions minimized.
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Key Points and Applications
Chapter 2
The following are the key points and applications from this chapter entitled: Creating
Useful Education and Training.
1. An organization’s ability to learn, and to translate that learning into action rapidly,
is the ultimate competitive advantage. (Jack Welch, former CEO of General
Electric).
2. Education is the process of knowledge acquisition over a long period of time with
a focus on higher level thinking (e.g. process control strategies for mining plants),
whereas training is used to refer to the acquisition of specific technical skills (how
to wire up a machine safely and effectively).
3. Education goes from data (unrelated facts), information (inter related data),
knowledge (organized information such as a theory) to wisdom (knowledge
applied to a work context).
4. Bloom’s Taxonomy indicates the different depths of thinking, ranging from (the
lowest to the highest):
• Remembering (“Recall the steps to start the diesel generator”).
• Understanding (“Explain how the diesel generator operates”).
• Applying (“Select the appropriate diesel generator for a particular
application”).
• Analyzing (“Compare the designs of three different diesel generators”).
• Evaluating (“Assess the design of a particular diesel generator for a
particular application”).
• Creating (“Design a new type of diesel generator for a new context”).
5. In the 21st Century, online education is suited to the knowledge worker
(especially the knowledge technologist) who will be the dominant player in the
workforce, as opposed to the manual worker who represents a declining
component.
6. The first major group of learners are the “Net Generation” (born after 1980), with
ready access to computer-based devices and the internet. They expect
instantaneous consumption of products and services customized to their needs,
and want to multitask with a weakened ability to focus on individual tasks in
depth.
7. The “Net Generation” are also kinesthetically-oriented, learning best through
‘doing, experiencing or being involved’. Thus hands-on tasks and labs are critical.
8. The other major group are mature age professionals who require learning to be
relevant to their jobs. This learning should be able to be applied immediately and
have a strong bias to hands-on, practical, work-related exercises.
9. Informal learning (over 70% of learning) occurs during team sessions, meetings,
on-the-job training, mentoring and all forms of communication.
10. Authentic learning that has real practical value for the learner is vital. This
includes authentic job-related activities, expert demonstrations, coaching and
scaffolding by the instructor, and training of instructors in the latest
developments.
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11. There are five levels of measurement of the effectiveness of training:
• Level 1: Reaction. Student satisfaction with a course.
• Level 2: Learning. Changes in knowledge, skills and attitude
• Level 3: Application. Changes in the on-the-job behaviour
• Level 4: Business Impact. Changes in business impact variables
• Level 5: Return on Investment. Benefits against costs.
12. The constructivist (against that of the behaviourist) approach is vital for online
education. The learner constructs knowledge by interpreting and assessing the
world and making sense of new inputs in context.
13. Constructionism is an educational method in which the student constructs a public
artefact which others can review, critique and make suggestions on. This is very
important for engineering education. Experiential learning is a powerful form of
learning especially with lab work.
14. Some suggestions for improving the quality of learning include: failure
(unexpected results), emotionality (an emotional response during the learning),
reasoning (to work out what happened with an experiment), observation (noting
certain outcomes), practice by doing and motivation.
15. Jobs today require less manual work and more cognitive effort.
16. Engineering education used to be largely hands-on, but about 30 years ago
emphasis shifted to lectures due to increasing cost and complexity of lab
equipment.
17. Students have a maximum attention span of 10 to 18 minutes in a lecture, so by
combining this with experimentation in the classroom, learning can be increased.
18. Engineering professionals in continuing education are demanding learning that:
• Can be done anytime/anywhere.
• Has real world applications
• Is customised to the individual.
• Is conducted in learning communities.
• Comes with ongoing learning advice from the provider.
• Shows a preview of what the learning comprises and how it is conducted–
before it commences.
19. Companies in a highly competitive environment often neglect training and
education, so it is up to the individual to drive this.
20. The most successful students are those with intrinsic goals, who value their
learning and believe in their learning abilities.
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Chapter 3
Putting Online Learning Under the Microscope
“The roots of education are bitter, but the fruit is sweet. “
– Aristotle
Chapter Contents
3.1
Introduction
3.2
Historical Review of Online and Blended Learning
3.3
The Three Main Types of Online Learning
3.4
Online vs. Classroom
3.5
The Concept of Presence
3.6
Interactivity
3.7
The Challenges for Successful Online Education in a Traditional College
3.8
Best Practice
3.9
Engineering and Online Learning
3.10 The Costs (Time and Financial) of Building Online Courses
3.1
Introduction
Put simply, online learning allows one to learn from a distance over the internet. This
enables the learner to engage in the learning at any time and from any location. There are
some basic requirements, however: an internet connection, a computer and access to an
online learning provider on the web. Online learning can be broken into two broad types:
web and videoconferencing (synchronous) and web-based training (asynchronous). These
formats allow employees to engage in a range of training activities from skills
certification and live updates on company products to collaboration with colleagues on an
assignment. Although online learning is a subset of distance learning, providers should be
wary of presenting an electronic analogue of a traditional correspondence course where
interactivity and student engagement is scarce.1 Learning is more commonly attained
when the student is interested and where opportunities for real experience exist.
The Five Pillars for Success
There are five so-called “pillars” of online learning listed by Bourne, Harris and
Mayadas. These are learning effectiveness, student satisfaction, faculty satisfaction,
access and cost effectiveness.2
Poor online learning is commonplace and requires, therefore, a considerable effort to
increase its efficacy for students. Four suggestions follow:3
•
•
•
•

A book on the web cannot be deemed a course.
Encouragement and support is necessary to assist students in maintaining the
motivation required to complete their courses.
Online learning is only part of the solution, fitting into a broader spectrum that,
among other learning opportunities, includes on-the-job and classroom training.
Recognition and acceptance of the fact that different individuals have optimal
learning methods.
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Another view from the perspective of the world of work suggests that there are three
essential building blocks of online learning:4
Motivation. Employers cannot learn for their employees. They have to be motivated to
absorb the materials and gain the skills.
Meaningful Content. It must be clear to those undertaking the training how the course,
and the new skills inherent in it, are relevant to their jobs.
Memorable Interactivity. An impressive example of this was an online program for
operators that illustrated how wire is manufactured within their machines. To this end 3D
animation, simulation, computer gaming and video clips were used.
Perceptions of Faculty towards Online Education
Research was conducted at the University of North Carolina on perceptions of faculty
towards online courses.5 Asynchronous methods were preferred, with only small
synchronous components considered acceptable. This is presumably because of the
additional workload and time-inflexibility that synchronous programs would create. Live
lectures, with audio and proctored examinations, were the least preferred elements of
online courses. This preference for asynchronous (against that of synchronous)
approaches is typical of most online learning.
In order to optimize the contribution of all who are involved when a shift to online
learning is made, roles of the instructors and support staff need to be reviewed.6 Initially,
to put the current technologies into perspective, the history of online learning will be
discussed. The three main forms of online learning with be examined, the often debated
topic of online learning versus classroom learning will be reviewed, the critical issues of
presence and interactivity will then be examined, current challenges in achieving
successful online education will be reviewed, and suggested best practice will then be
described. Finally, the application of online learning to engineering and technology
education will be examined. The chapter will be concluded by an indication of the typical
(and often horrendous) real costs in building online courses.
3.2
Historical Review of Online and Blended Learning
To develop a clear picture of the developments in online learning and blended learning, it
is important to place it within the context of classical distance learning.

70

Figure 3.1: Historical Perspective on Online Learning
Distance learning can be traced back to the mid-19th Century. Correspondence colleges,
mainly in the USA and Europe (with the first one in Australia in 1840), used the postal
system to transmit written documents between the students and the college.7 For example,
in the mid-19th Century Isaac Pitman used the mail to educate students on the intricacies
of shorthand, using England’s newly introduced penny post. In contrast, interestingly, the
“modern classroom” was developed in Prussia in the 1770s. Here all learners were locked
into rows facing the same way while an expert lectured to them.8
Distance education at the university level started in the USA with the commencement of
a correspondence course at Illinois State University in 1874.9
The first introduction of videoconferencing was in 1879 when Thomas Edison proposed a
device called a telephonoscope, which was designed to transmit sound and video into
everyone’s homes.10 Then in 1909, the author, E.M. Forster wrote about a device that
used an audio/visual communication network to present a lecture on Australian music to a
remote audience (naturally, as a work of fiction).
From an engineering perspective, one of the most successful examples of distance
learning, which endured for over a century (and still exists in a reduced form) are the
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International Correspondence Schools.11 This was inspired by Thomas J. Foster, Editor of
the Mining Herald in Pennsylvania, in 1891, when he began offering courses in mining
and accident prevention. Shortly thereafter, in 1910, the famous International
Correspondence School (ICS) was launched in Pennsylvania. A vast array of courses
were built up and offered with reportedly more than 2 million participants by 1920.
In 1922, Thomas Edison predicted that the new technology at the time, film, would
replace textbooks in the classroom.12 He was wrong, but as each new wave of technology
has emerged (radio, film, video, DVDs, computer-based training and latterly online
learning) similar pronouncements have been made.
Training films have, however, been used successfully. The American military, for
example, used them for war propaganda, especially during World War II. In the 1950s
and 1960s, film formed part of the public school’s curricula, particularly in the social and
physical sciences. Television was next. Video tapes (and latterly DVDs) were still in
common use in 2005. A success story based on this technology was the Open University
in the UK. It was established in 1969 and opened its “doors” to students in 1971. The lack
of interactivity, however, is the probable reason why television was unable to replace an
instructor entirely.
Media and communication technologies then emerged in the 80s, adding to the pool of
teaching methods and enhancing simple text.13 Then, with the emergence of audiotapes
used in distance learning, online learning arrived (and thence blended learning).
In the early 1960s the computer made its first impact with PLATO (Programmed Logic
For Automatic Teaching Operations). Designed and built at the University of Illinois in
1960, it became the forerunner for much of today’s online learning technologies (message
boards, forums, online testing, email and chat).14 This was one of the first systematic
introductions of “e-education” with the rather primitive (and indeed boring) objectivedrill-practice sequence for each objective.
The first attempt at interactivity in training was introduced using computer-based training
(or CBT). This developed rapidly with the arrival of the personal computer in the early
1980s. Unfortunately, most CBT programs were text-based and fairly rigid in terms of
their scope for interactivity. They used the technique of “drill and practice” which
required the student to read text-based content on computer screens and then perform
multiple choice tests. This was not well received and with the advent of internet-based
training, CBT has declined in use. A few positive developments, however, came out of
this era. One was the tracking and scoring methodology (AICC or Aviation Industry CBT
Committee) that is still being used by online learning programs today. Another was the
ADDIE (Analyze, Design, Develop, Implement and Evaluate) model for the design of
instructional content.
Distance education programs, like the CBT courses, resulted in high attrition rates.15
Boredom, isolation and a lack of support and self-discipline were most often to blame.
According to one study of 40 companies, 70% of workers would not sign up for a

72

voluntary online course. Another study showed a huge attrition rate of between 50% to
80%. The completion rates were considerably higher for face-to-face instruction.16 Once
a more interactive internet program is introduced course completion rates rise to between
60% to 90%. The cost, however, is the increase in instructor time.
The first article on internet-based training appeared in Training Magazine in 1997. It
pointed towards rapid growth in this area and the term e-learning emerged at this
time.17,18 The online learning market grew from a few million dollars in 1995 to US$3.4
billion worldwide in 2000. One of the major results of this focus on online learning was
the development of massive libraries of online learning content (which were oversold as
solutions to training). The early Learning Management Systems (LMSs) and Learning
Content Management Systems (LCMSs) were developed to manage this explosion of
content. The stock market crash in 2000 resulted in a significant decline in this business,
however. Many online learning vendors went bankrupt or merged with other players in
the industry.
In 2002, Smartforce and Skillsoft merged and created a global giant in the online learning
industry. It offered business and IT skills training and anticipated sales, for 2006, of
$200m. Since then there have been a series of consolidations between major players in
the corporate online learning market. In October 2005, Saba, a Learning Management
System vendor, acquired Centra, a web conferencing firm, and created a $100m
business.19 Skillsoft paid approximately $270m to acquire NETg (part of Thomson
learning). The resultant corporate entity provided online courses, simulations, videos, and
eBooks. Thomson Corporation, in late 2006, put its $5bn learning division on the market
as well, thus creating an even more dynamic market place in the online learning area.
In late 2006, Cisco launched its videoconferencing platform, Telepresence. Revenues of a
billion dollars within three years were predicted through distance education, medical care
and security. It was estimated that videoconferencing would bring Cisco savings of up to
$US100m per annum in travel expenses alone. In 2007 Cisco merged with Webex, one of
the largest providers of web collaboration and web conferencing solutions.
From 2003, however, there was a growing realization that the results delivered by online
learning were not altogether satisfactory. The course development, while still cheaper
than face-to-face learning, was more costly and time consuming than predicted and
coupled with this were the inadequacies of the learning process20 Owing to necessity, the
term blended learning was born. This referred to a more favorable approach to education
that used a combination of media: online learning alone was deemed inadequate as a
training solution. An addition to this shift in attitude was to align blended learning with
business objectives to ensure better productivity and a safer workplace.
Blended learning would appear to have originated as a reaction to the disillusionment
with the early forms of online learning and the realization that classroom learning was
still a critical teaching component.21 Blended or hybrid learning comprises both
traditional classroom and online learning. It has also been referred to as a combination of
synchronous and asynchronous media.
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Four developments over the past decade have accelerated online learning. The first was
motivated by the events of 9/11 and impacted on corporate education. Companies were
concerned for the economy in the disaster’s aftermath and hesitant about their employees
travelling to attend training. (There was a reported 100% increase in money spent on
online learning in the USA over the period 2001 to 2004.22) The second impact was the
competitive and low-cost provision of increasing bandwidth (assisted by the strong
movement to wireless) to companies and individuals throughout the world. The third
development was the massive downturn in the world economy in 2008, in which
corporations dramatically cut their expenses (unless they directly related to sales) and
looked for cheaper means of providing training. The fourth development was the
continuing decline in computer hardware and software prices and the increase in their
performance. This facilitated the making of high quality videos, simulation and game
playing software.
It was estimated that by 2011, 23% of US corporate training was online (with a small 5%
of this synchronous online learning). This equates to an investment in excess of $17bn in
the USA and $31bn worldwide–perhaps driven by the recent ferocious worldwide
economic recession.23
The formation of the massive universities and colleges dedicated to the provision of only
distance learning is worthy of a short discussion.24 Many have emerged, ranging from
The University of South Africa (UNISA), founded in 1962, to the Open University of the
United Kingdom (1971) with similar institutions being founded in Germany, Japan,
Canada, India, Sri Lanka and Pakistan. In the USA, the for-profit Phoenix University
enjoys massive success with hundreds of thousands of students, as does Nova
Southeastern University in Florida.
Generously the Massachusetts Institute of Technology has made their considerable set of
course materials freely available, under the banner of the OpenCourseWare (OCW)
program.25 The Chulalongkorn University in Thailand has then undertaken to convert this
into the Thai language. Naturally, while this material is all electronically available, it is
does not represent a course. 2012 has been characterized by the launch of the Massive
Online Open Courses (or MOOCs) with similar initiatives (Coursera/EdX/Udacity).
3.3
The Three Main Types of Online Learning
In the 90s there was a range of distance learning approaches:26
•
•
•
•
•
•

Correspondence study.
Pre-recorded media.
Two-way audio with or without graphics.
One-way live video.
Two-way audio, one-way or two-way video.
Desktop two-way audio/video.
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As discussed in Chapter 1, online learning can be broken up neatly into:
•
•
•

Synchronous (web conferencing, for instance).
Asynchronous (multiple choice tests in response to written text, for instance).
Blended Learning (a mixture of both, with some traditional classroom teaching
thrown in).

These teaching methodologies are discussed below, with a little more detail given to the
blended approach, as it will not be considered as a specific subject in future chapters.
The Asynchronous Approach
Asynchronous online learning does not occur simultaneously with live instruction. This is
indicated diagrammatically in Figure 3.2 with a student taking a web course that is selfpaced and does not require simultaneous interfacing between the instructor and learner.

Figure 3.2. Asynchronous online learning.
Asynchronous online learning has been popular as it is does not require immediate access
to an instructor, it is closer to the web page structure and has lower bandwidth demands.
For example, in a recent survey of undergraduate medical education 4% of articles
discussed the use of synchronous online learning, as against 96% for asynchronous
technologies.27
One of the key tools for asynchronous courses is a Learning Management System (LMS)
that is useful for both classroom and online courses. It provides functions such as
registration, testing, attendance, grades and downloads of course materials.28 In addition,
it can be used to upload completed assignments and to allow chat with other students on
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discussion forums. In other words, it is a one-stop shop for students and reduces the
enormous and chaotic workload placed on instructors. Research shows that students want
to use the LMS and suggests therefore that instructors should set it up to encourage
engagement and a sense of community.
The Synchronous Approach
The real time connection capability of synchronous online learning makes it an excellent
choice for collaborative forms of distance learning.29
Synchronous online learning, illustrated in Figure 3.3, is where communication between
learners and their instructor is simultaneous and information is accessed instantaneously.
Examples include real time web, video or audioconferencing or chatting in real time.
Synchronous online learning will be the basis of the blended learning examined in this
book. The current internet infrastructure is increasingly able to support the significant
bandwidth requirements, especially for real time industrial automation training using
equipment (with realtime video). As alluded to earlier, an estimated 90% of online
courses are still offered in the asynchronous format making the synchronous approach
comparatively minor.30
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Figure 3.3: Synchronous Online Learning
It has been suggested that three factors influence successful online learning. The first is
the effect of the materials on the learner, the second is the ability of an organization to
effectively support online learning and the final factor is the need for instructors.31 Webbased (asynchronous) instruction is often unsuccessful as learners feel isolated and lack
the motivation necessary to complete a course without the guidance and support offered
by an instructor. It is also well known that an instructor can make or break a presentation
and so it follows that good instructors can result in very effective and successful
synchronous online learning.
There is a range of business opportunities that may be assisted through the use of
synchronous online learning (and as a possible component of blended learning):32
•
•

Productivity improvements. Trainees need not travel away, saving both time and
money and associated stresses.
Skill and knowledge reinforcement. All sessions are recordable and therefore
available for later use by both the learners themselves and others.
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•
•
•
•
•

Scalability. It can accommodate both large or small learning audiences.
Establishment of new communities of learners. This is facilitated by its ease of
access.
Rapid deployment of training is possible. It can, therefore, cope with high
employee turnover and company restructuring.
Timely delivery and reusability on a just-in-time basis.
Performance and achievement tracking is achieved with some ease.

The focus of the online learning in this book is on live, instructor-led online learning (or
the synchronous experience). This is sometimes referred to as web or videoconferencing.
After working in this area for a number of years, we are convinced that this highly
interactive format results in real learning. Furthermore, the connection between student
and instructor means we experience lower rates of attrition. Being that much closer to the
traditional classroom approach allows for the employment of existing learning strategies
and eases the migration of materials to the learner.
Advantages and Disadvantages of each format: Asynchronous and Synchronous
Online Technologies
This section gives a brief insight into the advantages and disadvantages of the different
approaches. However, to be more objective, it should compare one format against
another. Some advantages of synchronous (as opposed to asynchronous) online learning
are:33, 34
•
•
•
•
•
•
•
•
•
•

Connection of dispersed learners in real time.
Real-time interaction (live communications) and collaboration.
The sense of immediacy (e.g. immediate responses) and co-presence.
Development of a highly interactive learning community.
The balancing of learning dynamics (accommodating various learner profiles, for
example introverts and extroverts, females and males).
The use of “unique functionality” including whiteboards, mark-up tools,
application sharing and “web safaris”.
Facilitation of group learning, discussions and dialogue.
Access to expensive and highly knowledgeable instructors wherever they are in
the world.
A standardised learning experience (such as similar teaching resources and
computer interface to students) for instructors at widely dispersed locations.
High quality, collaborative, informal learning between individuals.

The advantages of asynchronous online learning include:
•
•
•
•

Flexibility and convenience.
Quality discussions (between students and instructors).
Self-paced learning.
Timely and thoughtful teaching prompts and guidance.
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•
•
•

24/7 access to course materials.
Learning locations unrestricted.
Learning with limited interactivity.

The disadvantages of synchronous online learning include:
•
•
•
•
•
•
•

The possibility of more abbreviated responses due to time restrictions.
Scheduling difficulties (for different time zones).
Technical issues (with audio and video).
Increased equipment requirements (sometimes cameras and microphones are
required, for example).
The lack of human contact (it can be a little impersonal).
The need for learners to have significant self-discipline.
The lag between instructor/student or student/student conversations (real time
response problems).

Optimal Usage of Synchronous and Asynchronous Online Learning
Research backs up the assertion that the synchronous format (virtual classrooms) is best
used for relationship and community building, for social support and is a better solution
for overcoming learner isolation. Asynchronous mechanisms, on the other hand, are
better for content delivery, deeper learning and content reflection and for ease of
administration.35 Further to this, students like the idea that asynchronous discussion
boards provide more permanent records of text-based postings and are often nervous
about appearing live on a synchronous platform.
Blended Learning
The Sloan Consortium defined a blended course as, “….a course that integrates online
with traditional face-to-face class activities in a planned, pedagogically valuable manner
in which a portion (institutionally defined) of face-to-face time is replaced by online
material and classes”.36
The benefits of blended learning (vs. just classroom or just online learning):
•
•
•
•
•

It enables the delivery of the lab requirements for engineering degree
accreditation (requiring physical, face-to-face meetings)
It offers flexibility and is therefore more convenient for busy (working) students.
The providers can make some cost savings (compared with classroom sessions
only).
It encourages a better connection between students, as they are able to meet.
It offers more opportunities and more variety to the learning process.

Blended courses have increased over the past decade and can arguably provide the most
powerful form of learning.37 The traditional classroom, with a highly interactive teacher,
in a face-to-face situation (learners and teacher) is combined with self-paced, selfregulated and convenient learning via the web. It must be noted that this format may not
be possible for remote students, but the term “blended learning” sometimes refers to a
blend of synchronous and asynchronous online education that would suit remote students.
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When given a choice between the different modes of instruction, students, interestingly,
chose convenience over learning efficacy. They indicated a preference for independent,
passive modes of instruction (PowerPoint and read/respond), despite the fact that the
interactive modes (video and audio files) generate a more positive and productive
learning experience.38 It follows, therefore, that a balanced approach, using all
instructional strategies, is the optimum teaching strategy. Research shows that blended
learning is more advantageous than purely face-to-face or purely online instruction.39
Different Blends
A suggested list of variations of blended learning is as follows:40
Table 3.1: Variations of Blended Learning
Level

Description

1

No web-based courses provided
Only web-based details of course/syllabus and institution providing courses.

2

Some (but not all) course materials online for download.
Additional reference material available through the website.

3

The web is a key element of the course with most course resources available
online.
The student cannot function without effective access to the website.
Asynchronous communications.

4

Blended /hybrid course.
Use of a judicious mixture of classroom and website.
Synchronous and asynchronous web tools are used to provide the online
portion.

5

Completely online.
Online distance learning course with virtual communities.
Use of only synchronous and asynchronous tools to run classes.

Online Learning–Not in Isolation
Online learning should never be considered in isolation, but as a component of the overall
learning experience.41 Ideally, it should form part of a blended solution. Blended
learning, through the mixture of teaching methods, was designed to obviate the failures in
online learning: high attrition rates as a result of low motivation to complete learning
programs. In addition, blended learning could reduce the criticality of poorly designed
online learning programs with high quality instructor-led sessions.
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Research shows that blended learning can be extraordinarily powerful compared to only
classroom instruction or online learning on its own. This is true particularly where the
instruction is about making the learning as realistic as possible, using lifelike scenarios
and facilitating the application of learned software and skills to the students’ work place.
The outcomes are further improved by providing online mentors and instructor-led
training on-site. In summary, true blended learning results when “you activate prior
experience, demonstrate skills, apply the skills and then integrate the skills in with realworld activities”. All in all, it is about employing hands-on exercises that are lifelike and
work-related, and that support and on-the-job mentoring are provided generously. Few
differences between the different blended learning models exist, making it clear that a
good quality training course is more about instructional design and instruction than the
medium used.
A survey involving 263 student respondents was conducted over five courses at Southeast
Missouri State University. The face-to-face approach was measured in 2003/4 and then
the blended approach in 2005/6. The results indicated that although there were no
differences in grades, the latter afforded significant costs savings, ease of access,
flexibility and greater student satisfaction.
Labs can Benefit from a Blended Approach
Engineering education, with its lab requirements, may be better serviced using the
blended approach rather than using a fully online strategy.42 It is important to avoid
simply “throwing materials together”, but to integrate the online and classroom (and lab)
sessions so that they complement and complement each other. Research was conducted
on a group of students on-campus and a group off-campus, at the department of Industrial
and Engineering Technology at a Midwest University. Semester grades indicated no
significant differences between the face-to-face sample of students and blended learning
group. The faculty involved in the blended experiment did, however, make significant
costs savings due to reduced travel. Emerging from the research were the following
suggestions for creating an effective blended course:
•
•
•

Training for instructors on the new approaches.
Careful structuring and planning for the course.
Thoughtful linking of the online components with the classroom sessions.

Traditional training and education which is classroom-based and instructor-led is still the
dominant form of corporate training today.43 It is also particularly valuable for young
children or young adults; where there may be some immaturity and lower levels of selfdiscipline.
An Example
As mentioned earlier, blended learning is a combination of different training media and
events, to create an optimum training program for a specific audience.44 The following
combination is an example of the approach; self-paced web-based training
(asynchronous), on-the-job training, followed by classroom instruction, accompanied by
printed job aids, and supplemented by virtual classroom follow-up sessions
(asynchronous). It is important to note here that online learning will not replace
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classroom instruction, but will merely provide part of the spectrum of solutions to the
overall learning experience.
With this in mind, live, online learning is considered an attractive alternative to
asynchronous instruction. Blended learning can thus combine classroom learning with the
best features of online learning; allowing the participants to interact with an instructor
from wherever they are located. The following may comprise a good combination:
•
•
•
•
•

Asynchronous online learning where students work at their own pace.
Synchronous online tutorial sessions to discuss difficult concepts.
Simulations to obtain practice skills.
The traditional (face-to-face) classroom, as this always receives the highest
ratings due to its physical proximity.
Virtual communities where groups of participants can chat and exchange views on
the content, asynchronously and conveniently, over the period of a course.45

Even with this in mind, online learning should still only be considered as part of the
spectrum of training solutions (interventions). A good combination–another blended
approach–is to use online learning to cover the classroom information, theory and
background knowledge, and then once back on the shop floor students obtain on-the-job
training with more experienced employees/mentors. Younger workers are more likely to
find this form of learning attractive, whereas baby boomers tend to remain more attuned
to the traditional forms of learning which they grew up with. Furthermore, their exposure
to computers and video games would not have been as extensive as their younger
counterparts.
3.4
Online vs. Classroom
It is worthwhile to consider some of the issues in the debate between classroom and
online methods of instruction. The following compares a traditional residential college
with an online teaching environment:
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Table 3.2: Comparison between Residential Campus and Online Teaching
Environment46
Residential Campus
Attendance at lectures

Laboratory sessions
Tutorial Sessions

Interaction with fellow
students

Self-study

Use of Library

Lecturers

Attendance at seminars and
colloquia
Administrative and
academic issues
Examinations and tests

Equivalent distance
learning activity
Live attendance at
synchronous web
conference, books,
recordings of lectures,
printed transcript of lecture
(online or printed)
Simulations, remote
laboratories, lab kits
Synchronous web
conference
Asynchronous chat and
postings through LMS
Email, asynchronous and
synchronous chat (incl.
through LMS or Skype),
virtual room with web
conferencing package
Books, local university or
college library, eBooks and
electronic articles, online
articles
Books mailed from local
library or purchased,
materials emailed or
downloaded or from web.

Email, synchronous web
conferencing, chat room (in
LMS), phone calls (Inc.
VoIP)
Digital recordings, digital
video, synchronous web
conferencing.
Email, phone calls, chat via
LMS software
Rapid timed examinations,
attendance at a certified test
center

Equivalent distance
learning activity
Web conferencing software,
lecture recorded through
digital video, printed media

Simulation software, remote
laboratory software,
hardware/software kits
Web conferencing software
Learning Management
System (LMS)
Email package, LMS
software, web conferencing
software
Web browser, email
software, FTP software,
eBook reader
Subscription service to local
university; electronic library
(e.g. IEEE), books
dispatched by college or
university
Email software, web
conferencing software and
instant messaging software
Web conferencing software,
digital video recordings
Email, LMS software, chat
software
Online testing software
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A useful self-appraisal test for a candidate’s suitability for distance learning (against that
of classroom learning) is given in Appendix A.
Lecture Attendance–Preferred Methods
Virginia Tech has students who attended one or more of the following class types:47
•
•
•

On-campus: face-to-face lectures.
Off-campus: live, synchronous sessions.
Off-campus: asynchronous.

In a survey of Virginia Tech distance learning students in 2005, learners indicated that
their preferred method of delivery was synchronous (36%). Videoconferencing came in at
20% with self-paced at 24%. The hybrid category, with self-paced and face-to-face,
garnered support from 16% of the students.
A comment from similar research in 2006 (which is also echoed in other research),
indicated that students felt that the classroom experience remained the most effective
method of teaching. This was despite admitting that the online sessions were interactive
without being isolating. Could this be due to a lack of positive adjustment to a new
learning technique, perhaps? (We are, after all, creatures of habit.)
Despite this, it is certain that videoconferencing does offer great potential for improving
the learning experiences for distant students.
In an effort to compare asynchronous and synchronous approaches lectures were
presented to students attending a biology community course. Those from the
asynchronous group showed slightly higher student satisfaction and student grades (but,
interestingly, those attending both online formats performed better than their fellow
students in the traditional classroom sessions).48 There was no lab component; however,
the course relied, “heavily on note memorization”, which could have accounted for the
result.
Online vs. Classroom Learning Outcomes
Although there was a tendency for students to rate their online courses slightly lower than
for the equivalent classroom sessions, the statistics for actual learning outcomes failed to
support this general feeling. The learning differences between the 600 students, paired
into classroom or online sessions, were insignificant. It is important to note that the
research method employed here removed the “flexibility” from the online students’
experience (something which is usually inherent in online attendance–even, to a degree,
in the synchronous approach). This could have accounted for the slightly negative
attitude. To assist online students further permanent synchronous “meeting rooms” can be
set up. These can facilitate collaboration on small projects, note sharing and presentation
preparation, all without having the inconvenience of physical meetings.49
On-campus vs. Off-campus for Students
It has been generally believed that on-campus students are better off than those who are
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off-campus in terms of analytic skill development (in mathematics, for example).50 As a
corollary to this, off-campus students (generally, mature age) appear to demonstrate a
heightened ability with creative thinking when dealing with real-world engineering
problems. They tend to be better attuned to business problems too.
Online Systems Engineering Education51
During 2009, at Stevens Institute of Technology, a survey was conducted on optimum
methods for remote delivery of graduate level system engineering courses (with reference
to classroom discussion approaches). Before the research all of the courses offered
through the Webcampus LMS were redesigned with a consistent course interface. This
resulted in a surge in student satisfaction.
In terms of asynchronous remote online courses, Swan pointed out the three most
important factors are "...a transparent interface, an instructor who interacts frequently and
constructively with students, and a valued and dynamic discussion." (p. 517). The online
offering from Stevens Institute of Technology involved 32 examples of 22 unique,
systems engineering graduate level courses (core and elective). These were analyzed,
mainly, in terms of classroom discussions. The analysis was based around Kirkpatrick's
reaction level, which is the first of his four levels for assessment that is required to
achieve quality learning.
The student evaluation survey response completion rates exceeded 90% for the 485
respondents. Similar to the results in face-to-face sessions, students rated instructor
effectiveness generally higher than for course quality. The highest level of satisfaction for
the course and instructor was experienced with asynchronous, online discussions,
whether the instructors participated in these discussions or not. Student satisfaction for
courses and instructors that included real-time web conferences, or a combination of realtime web conferences and asynchronous online discussions, were mixed.
Obviously these results, whilst important from a student reaction point of view, do not
say anything about learning effectiveness–surely a critical ingredient?
There remains considerable data showing lower student satisfaction with online courses
vs. traditional face-to-face delivery.52
In a comparison between an online, asynchronous course and a traditional, classroom
course entitled Introduction to Engineering, a higher drop out rate was observed for the
former (12%), but the tests and assignments showed no significant difference.53
A survey at Tennessee Tech University compared online with traditional classroom
education for a variety of courses; Engineering Technology–CAD, International
Management, Strategic Marketing and Elementary Probability and Statistics.54 The CAD
for Technology was well designed, with a comprehensive suite of materials for full online
delivery. Overall, the gap between the classroom courses and distance learning was small
as measured by teamwork, critical thinking, creativity and communication skills. The
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CAD for Technology course, being fully online, was valued by students although they did
find significant challenges in forming and then managing collaborative virtual teams.
Positive Trends for Online Training with Smaller Organizations
Although a limited sample size of 68 small and medium-sized firms (with a maximum of
500 employees) were used for this survey, they were all actively providing training.55
Approximately 70% were using online events, and 80% using classroom or breakfast
training sessions. Typically, an online session had seven times more attendees compared
to traditional training seminars and the cost was eight times more for traditional sessions.
Over 70% of the trainees believed that video would improve the overall training
experience.
Technical Writing Issues
Writing skills were compared in on-campus and distance learning students at Old
Dominion University (in the Engineering and Engineering and Technology
departments).56 Mixed and surprising results were evidenced. The on-campus students
performed better during their examination comprising an essay. The distance learning
students, however, performed better in the Fluids Mechanics Laboratory course (eight lab
reports were submitted based on the observation of videos as opposed to direct
performance of the experiments within an on-campus lab).
Delivery Media Debate
There has been ongoing debate about which training delivery approach is the best.57
Recent claims suggest that the newer media, including online learning, are considered
superior to classroom learning. It would appear, however, that the, “no difference
phenomenon” is a more accurate summary of the situation; it appears that the different
delivery media have minimal impact on the learning outcomes.58 What has become clear
is that the quality of the instruction and the instructor are imperative.
There are numerous examples of instructional media ranging from asynchronous webbased, audioconferencing, electronic whiteboards, computer-based instruction, print,
television, recorded audio and video (DVD or Podcast), satellite, synchronous web and
videoconferencing and virtual worlds.
It is thus important to remember that the medium is merely the delivery mechanism for
instruction, but has no discernible impact on learning outcomes. It is still incumbent on
the instructional designer to put together outstanding content and to ensure that the
delivery is comprehensive and inspirational, to help facilitate students achieve great
outcomes.
Much research has indicated that instruction delivered via the computer and internet can
be as effective as classroom-based lectures, although there is a bias against the former.59
A comparison was made between two randomly distributed groups, drawn from a class of
50 students engaged in a mechanics course. No differences were found in terms of their
knowledge acquisitions (a pre-test eliminated any biases).
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Another comparison revealed a similar outcome. An online presentation used
Macromedia Breeze (later taken over by Adobe) for a Warehouse Management course at
Purdue University vs. a traditional lecture approach.60 The online presentation was fairly
primitive with minimal interaction; the instructor pre-recorded the sessions onto
PowerPoint slides, but also included a demonstration using Excel. Again, no significant
learning differences could be discerned between the two approaches.
Student Achievement in Online and Face-to-Face Modes
As discussed before, the key distinguishing ingredient with student achievement is not the
medium, but the instructional method.61 Quality course design and delivery is the
essence and should therefore be the key to ensuring effective learning outcomes. In
classroom-based education, students learn more effectively when they are engaged in
high-level cognitive activities. This includes activities such as facilitating discussions,
checking facts, participating in discussions and gathering resources. Providing selfregulating activities to students are key and include time management and learning
strategies. From the facilitator’s perspective a well-balanced workload and provision of
regular deadlines for the delivery of assignments is essential.
Research into Distance Learning Courses
Extensive research was conducted at the New Jersey Institute of Technology (NJIT).62 It
covered a total of 150 courses, 3491 students and 7701 course enrolments during Autumn
2003 and Spring 2004. Approximately 20% of the enrolments were engaged in
asynchronous distance learning. A pseudo-experimental design was used, as the students
were not randomly allocated to specific courses. The results of the research indicated that
student performance (i.e. grades) in distance learning courses were significantly higher
than for face-to-face courses, with more students expressing satisfaction with distance
learning. Students were also more satisfied with courses (and instructors) that used text
and multimedia files against that of solely text or alternatively multimedia. Those
instructors who had received "teaching, learning and technology" (an NJIT term) training
in distance learning course development and delivery received higher satisfaction ratings
from students. There was also a preference for WebCT over the WebBoard LMS
platform.
Distance Learning Research
A large data sample of 76,866 students at Old Dominion University in the USA was
analysed in 2006.63 Old Dominion has a mixed distance learning and on-campus model.
At the time of the study, televised courses were used with one-way video from instructor
to student and then two-way audio between them. The distance learning students travelled
to one of 60 distance learning centers to access a course. These ranged from community
college and military base to corporate sites–mainly in Virginia. The mean age of students
was 33.4. The analysis showed that the location of a course at one of the local community
colleges could make a difference to the final grades of the student. Another finding was
that undergraduates, men and younger students all received lower grades than
postgraduates, women and older students.
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Classroom Courses Benefit from the Inclusion of Online Learning
The law of unintended consequences is obviously at work here. Many classroom
instructors are now increasingly building distance learning course elements into their
programs (such as discussion boards, easy access to learning resources and chat rooms).64
This is not surprising. Research has shown that students who use both online resources as
well as attending face-to-face lectures, (thus creating a blended approach) outperformed
students who simply attended lectures. The online material, however, needs to be
carefully synchronized to the lectures and the student incentivized to use the online
materials (with a quiz counting towards final grade, for example).
There are concerns, however, as a result of this shift, that a more extensive use of online
resources will result in a collapse of lecture attendance.65 Certainly, if the online material
is merely a reproduction of the face-to-face lecture, attendance at both will surely be
cannibalized.
The Candidates Most Likely to Complete Distance Learning Courses
This study suggests younger and better educated students are more likely to complete a
distance learning course.66 As one would expect, motivation is key to determining who
completes a course. Those students who are intrinsically self-motivated (who derive
satisfaction from the learning) and want to achieve high grades are generally more likely
to complete a course. Similarly, those students who possess internal loci of control (i.e.
believe they are in control of their destinies) more often complete courses and pass.
Students with external loci of control (i.e. believe that their destinies are controlled by
external persons or events), on the other hand, generally complete their courses
successfully, but only with solid support from their instructors.
Positives Traits in Online Students
Many students enrolled in online courses are of mature age and tend to be non-traditional.
They are endowed with self-motivation, display independence in their learning and have
superior time management skills. Another interesting comment emerging from research is
that they are “daring and confrontational in their expression of ideas”.67
Distance Learning Students: Who Are They?
A MS Degree in Technology Management has been presented via distance learning, at
the South Dakota School of Mines and Technology, since the mid 90s. It has attracted an
interesting mix of students. 18% were traditional distance learners, 29% were on-site
students and 53% hailed from other major universities because distance learning ensures
they avoid scheduling conflicts and allows them to maintain their work commitments.68
Research at Deakin University (Australia), noted that off-campus students are generally
mature aged (at the commencement of their studies) with a mean of 34.4 years.69 Oncampus students have a mean age of 18.5 years.
Distance Learning Attrition Rates
A study was conducted into withdrawal rates from various undergraduate and graduate
programs at the New Jersey Institute of Technology.70 The main reasons cited for
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withdrawing before completion were poor instructor to student communications, the
incompatibility of learning styles with the distance learning format and the inaccuracy of
expectations regarding distance courses (assumptions were made about the courses
requiring fewer hours to complete and that they were more likely to be completed with
ease). There was also a correlation between low grade point averages (GPA below 2.5)
and higher withdrawal rates. There were, however, other factors, which may have
accentuated this, and so a recommendation was made not to set any GPA cut-offs for
students.
There is no doubt (and research supports this) that the lack of contact and feedback from
other students and lecturers tends to diminish a student's motivation to complete a
course.71
Student Persistence and Academic Performance
In a study of 9,000 unit enrolments in engineering at Deakin University (Australia),
research revealed that off-campus students have withdrawal rates twice that of on-campus
students.72
Further to this, the overall withdrawal and fail rate (often referred to as wastage rate) was
considerably higher for off-campus students. The mean grade of off-campus students was
significantly higher than for those on-campus. An additional observation was more
specific; this trend was noticed for the first unit conducted in a particular academic year.
A summary of the figures revealed that 28% (on-campus) and 47% (off-campus)
withdrew. Failure rates were 22% (on-campus) and 18% (off-campus). Reasons for this
sad state of affairs were outlined by off-campus students; they felt there was a lack of
support from tutors and study materials were either late in arriving, or when they did,
were either incorrect or damaged. Another challenge was academic (particularly in
maths). Computer problems were partly to blame and their inability to attend on-campus
labs posed hurdles. Work/family/study became competing demands and there were
financial barriers. Finally, they felt that there was insufficient information on assignment
and assessment requirements and there remained uncertainty about remote exams.
3.5
The Concept of Presence
The key difference between classroom-based and distance learning is the separation (and
isolation) of the learner from the instructor and this is, unsurprisingly, one of the greatest
causes of learner dissatisfaction for students enrolled in online courses.73 A sense of
presence can definitely enhance the instructor-learner relationship and contribute to
greater learner satisfaction.74 The various interpretations of “presence”, how to
implement it and then how to measure it are discussed below.
The definition of “presence” is a debated topic, but there are two definitions that are
widely accepted:75
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•
•

The “sense of being there” at a place remote to the one who is physically located.
The other is where an individual feels “presence” but does not see the mediating
influence of a television, computer or mobile phone. This is referred to as:
“perceptual illusion of nonmediation”.

Presence has also been simply defined as the “sense of being present in a particular
environment”.76
There are two components to “presence”. The first is “telepresence” (being there) where
the learner feels that he has been transported to another remote location and the second is
“social presence” (being together with others) where the learner interacts with other
remote entities (animals, people, avatars and equipment).77
Others suggest that there are actually three types of presence.78 The first is subjective
personal presence, “which is the extent to which and the reasons why you feel like you
are in a virtual world”. Social presence is, “the extent to which other beings (living and
synthetic) also exist in the world and appear to react to you”. Environmental presence is,
“the extent to which the environment itself appears to know that you are there and reacts
to you”.
Presence can also be looked at from three perspectives: social (feeling connected and part
of a community), psychological (technology has become totally transparent and
unnoticed by the user and everyone is situated next to each other) and emotional
(showing genuine feelings using words, symbols, audio, video, interactions and nonverbal cues all whilst online).79
The contemporary world is increasingly virtual and indeed sought after, with interactions
via phone, texting, web-based and through the use of social networks (especially the
ubiquitous Facebook).80
Many people are cautious (critical, perhaps) about whether an online course can actually
provide the same level of experience as a classroom session, and is more likely
effectively a second-class experience. This perception is due to the absence of verbal (and
non-verbal) and visual cues and concerns about whom we are interacting with (and the
rather wooden way we are interacting).
Suggestions to Increase “Presence” in your Courses
There are various strategies to increase the sense of presence throughout an online
course.81
At its Commencement
These include crafting a personally written welcome letter to students that introduces the
instructor, details expectations of the students (including their level of participation) and
enthusiastically outlines the benefits of the course.
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With the help of coordinators or lecturers, the learner should then become familiar (in a
fun and interesting way) with the learning management system (LMS) and related
software (such as web conferencing, simulation software and remote labs). The student
should also use the LMS facilities to introduce himself to his peers–photographs can be
of assistance too. Effective use of the discussion forum should also be detailed.
Icebreaker activities are helpful at the commencement of the courses. These could include
“Where in the world are you?” and “What is your favorite cake / holiday destination /
book?” Sharing biographical information in a sequenced way is another great project.
Finally, placing members in small teams, and providing them with collaborative work,
results in the rapid familiarization of fellow students.
During the Course
Interactive activities throughout the course are essential, even if the course is self-paced.
The interaction should take place between the instructor and the student. If few of these
activities are included, the lecture sessions should be highly interactive. Consider the
following, however: making regular announcements, communicating extra bits of
information, reviewing performance, supporting queries, mentoring and tutoring. The
instructor should also seize opportunities to communicate with students over non-content
related issues, such as logistical problems.
One-way instructor presentations (such as mini lectures and guest experts) can always be
daunting for both presenter and student due to the lack of contact, but focusing on giving
an interesting and quality experience for the learners will engender feelings of presence.
Co-operative activities can be powerful learning experiences and contribute to a
significant level of presence. Working in groups on a project (joint demonstrations of a
particular concept or product, for instance), engaging in discussions and debating are
examples of these activities.
From the perspective of the learner, sharing (and learning) can be accomplished through
the generation of concept maps (graphical representations of what has been learned), selfgenerated videos, interviews with others and blogs. From the presenter’s point of view,
these can be accomplished through labs–both virtual and remote–, blogs and selected
videos to illustrate concepts or to stimulate discussion.
Towards the End
The course should be concluded on a high note. Any hint of a gradual ramp down and
loss of energy, on the part of the instructor, should be avoided (this will impact on the
learners). With the end of the course nigh, respect for the learners’ greater levels of
knowledge and independence should be acknowledged, but support should not wane.
Instructions on finishing up should be communicated with clarity, something that is
particularly necessary for those who feel a little overwhelmed with submissions due.
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Another useful technique, in the final moments of a course, is to review old examination
papers (to help students prepare for their final examination).
Feedback should be sought from students on the course and instructors (confidential,
individual feedback) prior to the end–it is more difficult to extract this from them once
they have “flown the coop”.
Reviewing Whether Presence has been Achieved
It is always useful to assess the level of presence in your course. This will enable you to
adjust your instructing style during the course and in subsequent courses.82 Typical areas
to consider reviewing include:
•

•
•
•
•
•
•

Learning Management System statistics for all users. Review typical statistics
such as the number and types of postings, access, and materials uploaded and
downloaded.
Learning participation at the commencement of the course (especially with
orientation). Poor participation may signal a poor retention rate.
Synchronous platforms such as web and videoconferencing and chat facilities.
Communication logs between instructor and students that examine, for example,
email and social networking.
Individual group discussions.
Miscellaneous support, such as help desk and related forums.
Formal feedback surveys taken at various times throughout a course.

3.6
Interactivity
The quality of interaction students enjoy with their instructors is one of the greatest
contributors to their success in a distance learning course.83
Five Types of Interaction
Forms of interaction include: learner-instructor, learner-learner, learner-content, learnerinterface and learner-individual.84 The first three are self-explanatory, but the learnerinterface is between students and the instructional media (including video tapes, TV and
computer). Learner-individual refers to students doing their “own thing” such as
conversing or communicating with other students or being involved in other non-learning
activities.
Interaction improves instructor and student satisfaction, instructional outcomes and
decreases student attrition. Other improvements include increased participation,
understanding, learning and community building. Beware of overdoing it, however; aim
for a balanced process.
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Table 3.3: Simplified Model of Interactions
This is a modified table from Moore.85
Interaction
Method
Alone

One-to-one

One to many

Many to many

Learner to content

Learner to
instructor

Learner to learner

Email, text and
audio chat, marked
assignments, social
networking
Email, group chat,
discussion forums,
web
&
video
conferencing, social
networking
Group
chat,
discussion forums,
web
&
video
conferencing

Email, text and
audio chat, social
networking

Web pages, video,
recordings of web
conferences,
self
assessment quizzes,
remote and virtual
labs

Email, group chat,
discussion forum,
web
&
video
conferencing, social
networking
Group
chat,
discussion forum,
group projects, web
&
video
conferencing

If a course is well designed and presented by a highly effective instructor with the
appropriate levels of interaction, it can definitely be of a higher caliber than a traditional
lecture-based course on-campus.86
Student and Instructor Interaction
The following examples of student-instructor interaction are worthy of mention:
Modeling. Demonstrating how and why an expert does a specific task.
Coaching. Watching the students as they perform a task and then correcting their
performance.
Scaffolding and enquiry. The instructor assists the students perform the task (perhaps
via a questioning approach) and, if required, undertakes part of it.
Articulation. The student describes what he or she is doing to tackle a task.
Reflection. Comparing the students work with that of an expert and working to minimize
the differences.
Exploration. The student problem solves on his own and in doing so, extends himself.
Oddly enough (well, from an intuitive point of view), research shows that interaction in
an online class has little impact on achievement.87 A useful table comparing the different
forms of interactivity based on types of online learning is given below.88
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Table 3.4: Different Levels of Interactivity Based on Types of Online Learning
Adapted from Higgins and Keightley (2007)
Tier 1 learning (low
interactivity or graphic
one-way communication)

Tier 2 learning (moderate
to high interactivity–has
some degree of learner to
computer interaction)

PowerPoint presentation,
learning on a personal
digital assistant, eBooks,
podcasting, videotape,
audiotape.

Interactive resources,
quizzes, tests, reflective
learning, games,
simulations,
demonstrations.

Tier 3 learning (high
interactivity–includes
learner to learner and
learner to trainer
interaction)
Virtual classrooms,
streaming media, group
games, video conferences,
chat groups, emails,
discussion lists, blogging,
wikis, moblogging.

Instructors often express their enthusiasm at the prospect of online teaching as they
believe it requires less energy–the necessity of leaving their home studies is often not
even required. Nothing, however, could be further from the truth. Our experience leads us
to believe that instructors need to be more energized to cope with this new genre of
training. Mistakes are less likely to be overlooked during the reduced lecturing timeframes and in the confines of the virtual classroom, and with the emphasis on providing
as much interactivity as possible, instructors are unable to “cruise”–students are only one
mouse click away from another web page or program.
Interaction is Key
One of the challenges89 with online learning is the difficulty of finding real tools to
demonstrate and provide practical hands-on exercises for the participants (working with
real equipment in an industrial automation environment, for instance). Many experts90
find this the real failing of the online methodology, as learning by doing is a vital part of
the learning experience. Another challenge involves the reading of body language. Online
instructors are at a distinct disadvantage here and need to devise different methods of
reading what is happening in an online discussion, for example.91
The themes of learning-by-doing and interactivity will run through this book.
Interaction with Interfaces (and Content), Instructors and Peers
Research into these three forms of interaction resulted in some suggestions for improved
practice:92, 93
Interaction with Course Interfaces and Content
The student’s interaction with a course interface is a critical part of the learning process.
The interface should be, therefore, consistent for all courses, easy to grasp and navigate
and supported 24/7–preferably with quick access to human tutors.
All courses should be built around this need for clarity and consistency that includes clear
instructional goals and expectations for faculty development.
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Students need to be provided with quick and detailed feedback on their individual
performances, which can, to a degree, be automated. The testing should be frequent and
modeled around active learning-oriented modules.
Interaction with Instructors
The quantity and quality of interaction between instructors and students directly affects
learning outcomes. To maximize it, therefore, guidelines for faculty expectations of
instructors should be explicit and timely and quality feedback should always be provided
to them. To this end faculty development should include instructor interaction.
Because the requirements for online instructing are considerably different to that of faceto-face, training support is imperative (including discussion forums and exemplars of
outstanding online course instruction). Professional support on the educational
technology should be pervasive.
For student communication, instructors are encouraged to use threaded online discussions
(as opposed to simple email communication) to encourage discourse on particular topics.
Email, on the other hand, requires aggregation by the student, thus wasting cognitive
effort.
To improve their interaction with students, instructors need to be provided with
techniques to assess student learning styles and then, based on this, adapt their courses
appropriately or assist students to adapt. For example, students who lack direction in their
learning may adjust and instead of merely reproducing knowledge move towards more
complex and in-depth synthesis and evaluation.
Interaction with Peers and Vicarious Interaction
Good communities of practice are key to learning socially. It is imperative, therefore, that
effort goes into building them, with faculty support and training. Showing participants
how best to interact within them and by linking them to course activities, from the start,
will also ensure their growth.
Instructor verbal immediacy (see later) will be improved by initiating discussions,
personalizing communications (use of names and incidents), being inclusive (e.g. use of
“we” and “us”); interacting frequently; being positive and enthusiastic and through the
use of colors and graphics.
The more active a discussion forum (with high quality posts), the more likely there is to
be student learning. Build participation into course grades through clear grading rubrics
rewarding online discussion. Faculty can assist by building high quality discussion
forums.
An unusual form of interaction (that nevertheless represents an opportunity for learning)
is vicarious interaction. This is where the students observe and learn from the behavior
and interactions of others. Because it works, it should be supported and developed.
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Discussion summaries, tracking mechanisms for grade reading and commentaries on
posted messages would all count.
Online discussion is more likely to encourage divergent thinking (experimentation,
brainstorming and creative writing) than face-to-face discussions. To encourage this,
demonstrations, provocative open-ended questioning and appropriate grading rubrics
should be embedded into training programs.
Online discussion is, however, less likely to support convergent thinking (single, well
established answers) than face-to-face discussions. Written assignments, one-on-one
tutorials and small group activities also facilitate this.
The formation of small groups (five randomly chosen students in each) helps build the
feeling of community, supports collaborative learning projects and assists with the
focused processing of course content through virtual discussions.
Immediacy
The concept of “immediacy”, as discussed above, needs some clarification. It is important
to consider the impact of asynchronous online learning.94 Immediacy is "the
psychological distance between communicators". Immediacy is created through
communication. In a classroom it is instantaneous and involves both verbal and nonverbal communications (including body language and eye contact). The degree of
immediacy often dictates whether or not the parties will stay in contact with each other.
Immediacy behaviors are highly regarded by students. They include humor, the invitation
to give feedback and discuss their personal interests, the use of student names, requesting
questions and providing timely feedback.95 Arguably, a synchronous online learning
session has considerably more opportunities for this with than other formats. It is
immediate and has a range of communication methods; from video, text chat box, audio,
the whiteboard and the application sharing of a particular program is possible, able
facilitating demonstrations. Immediacy has a significant impact on student motivation
and has shown to improve learning. Furthermore, student evaluations of instructors are
improved with increased immediacy.
3.7
The Challenges for Successful Online Education in a Traditional College
There are numerous obstacles to the wider application of online education in a more
formal college or university environment, some more obvious than others.96 These are
discussed below.
An Alien Entity to Many Faculties
Many faculties have a conservative view of education, thrive on close relations with
students and believe online education is a poor substitute for the traditional approach.
Online education’s introduction needs to be gradual with the use of good practice
examples used.
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University Staff Fear Loss of Jobs
There is a suspicion that student-faculty ratios will increase with online education,
resulting in retrenchments. The best approach, therefore, is to illustrate that a growth in
the demand for traditional courses results from the provision of courses for distant
students. Faculties are likely to grow, not shrink.
Courses Require Upfront Investment
The process of creating an online course, with the attendant website development,
recordings, videos, reading materials, assignments and exams, is considerably more
expensive than for face-to-face sessions. Proper costings need to be completed prior to
embarking on training online, to ensure the additional impost is catered for.
Co-ordination Costs are Higher
Administration and coordination costs will increase as both areas are more demanding in
online training.
Materials are Shared by Teachers
Although this seems like a positive situation, some see this as a negative. Faculty prefers
to teach using their own materials and dislike having to use third party materials. To
alleviate this attitude somewhat, the third party materials should be of a high quality and
facilitate customization for use by individual instructors and different audiences.
Ownership of Course IP: A Prickly Issue
Many universities do not make it financially attractive for faculty to create course
materials especially where there is uncertainty about ownership. Faculty needs to be
appropriately rewarded for their additional work and have clear-cut agreements put in
place.
Accrediting Bodies are Uneasy
Many accrediting bodies in engineering are dubious about the value of aspects of online
courses (especially for labs, project work and collaborative assignments) and insist on
students spending a minimum time on campus.
Online Learning within Blended Learning; Some Challenges
There are significant advantages to using online learning as a component of a blended
learning solution. Numerous challenges have been identified, however, and need to be
addressed.
Administration
Ineffective course organization is common and includes poorly organized class schedules
and resources.
Technology
Universal standardization in online communication systems are still lacking and
connection speeds for internet access remain poor, especially in rural areas (resulting in
fitful video streaming) Other challenges include weak IT infrastructure support.
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Program Completion Rates are Poor
This remains a major issue and needs to be carefully monitored.97 Attrition rates as high
as 80% have been reported on some courses, but a more reasonable 25% for corporate
training is expected against 3% for classroom instruction.
Factors that contribute to successful course completion include personal motivation and
interesting and interactive courses. To a lesser extent, mandatory company completion
policies and ongoing instructor support can be of assistance. Another motivator is a
learning network that facilitates learner interaction. It is also worthwhile screening
participants beforehand to assess whether their learning styles align with online
learning.98 Preferred students are:99
•
•
•
•
•
•

Independent.
Highly motivated.
Active learners.
Organized, with good time management skills.
Self-disciplined.
Adaptable to new learning environments.

These qualities are imperative as feelings of social isolation (exacerbated by a lack of
interaction) are a major cause for the high attrition rates for distance learning.100
Poor Quality Online Learning Resources
Poor instructional materials can sound the death knell for an online learning course,
particularly as there is no physical contact between the instructor and participants. The
provision of text-based materials alone is unlikely to provide a good experience for
learners.101
Instructor Absenteeism
The distant and absent instructor becomes an issue if student satisfaction and successful
completion of onsite learning is required. Interaction is critical and can be achieved
through improved instructional design, the use of technical tools and simply, through the
employment of conscientious and dedicated instructors.102
Team Work Difficulties
Working in teams, as in the work place, is important in the online learning environment.
It can, however, be a source of conflict if not managed correctly, especially with the
asynchronous and “patchy” communication between participants. To help overcome the
difficulties the instructor should clarify expectations, objectives and outline the team
etiquette at the commencement of the course.103
Online Testing and Assessment
In online education, there is an inherent risk of learners cheating in tests–more so than in
traditional face-to-face training methodologies.104 To alleviate this threat an expanded
online test bank can be useful and wherever possible the use of formative testing
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(throughout the course) as opposed to summative testing (one test only at the conclusion
of the course).
Audio Problems with Web Conferencing
Although the technology has advanced dramatically from the turn of the century, when
there were intermittent problems with audio and video, occasionally problems with audio
still exist and should be dealt with effectively.105
Miscellaneous Issues
Other barriers to effective online learning include a lack of skill and knowledge in online
teaching and the lack of support for designing and executing courses in this area. Another
is the paucity of tools used to construct the programs and the insufficient time allocation
given to online teaching.106 Finally, there may be inadequate remuneration to instructors
working in this area.
Simply Inappropriate
In some cases, online learning may not be the right fit for a particular course, so should
be rejected out of hand or, alternatively, should become part of a blended approach.
Certain learning types which appear not to work well (at this juncture) include situations
such as negotiation courses and one where lab exercises are necessary, although the latter
is an area that is developing and will be addressed in later chapters.107 In some cases,
informal training alone is adequate, where colleagues or mentors can provide the
necessary expertise and knowledge on-the-job.
Lack of interactivity
This is one of the greatest challenges with remote training–the lack of interaction with the
instructor, the materials and with other participants.108 As discussed earlier, interaction
can be defined as the reciprocal actions of two or more people and the exchange of
information between people. The lack of human contact (body language and eye contact)
in online education makes for a formidable barrier between instructor and participants.109,
110

Online learners (especially in engineering and the sciences) can ameliorate this issue, to a
degree, through their involvement in remote labs. These experiments offer students an
opportunity to interact with real equipment and gain hands-on training remotely.
Furthermore, the laboratories have the potential to transfer greater depths of knowledge
than is possible during simple collaborative discussions. They will be expounded upon in
a later chapter.
3.8

Best Practice

Online Learning Abounds
Online learning is used in a variety of ways. A useful survey in New Zealand summarized
the range of solutions for industry; from the induction of staff (to a firm’s processes and
procedures) and IT skills (office suites, photo editing packages) to literacy and numeracy
skills (in support of other online learning initiatives) and technical and trade skills (to
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encourage more consistency).111 Other common uses of online teaching include the
enhancement of product knowledge (for sales and support staff) and support for
certification courses (for example, in the teaching of first aid).
What Students Remember
The table below provides some interesting material on the instruction types that result in
information retention. In some references, specific percentages (as opposed to more
qualitative high, medium or low) for absorption results were incorrectly assigned to the
different activities.112 There is no underpinning research to justify assigning these rather
arbitrary percentage numbers.
Table 3.5: What Students Remember
Absorption Results

Type of instruction

High

Simulations and games
Interactive live e-class or
seminar
E-course with audio and
video
E-course with visual, online
self-study guides, and
online PowerPoint
presentations
Email, e-documents, and ewhite papers
e-reading
Online learning

Medium

Low

Level of instructional
design
High
Medium

Low

(Reproduced from Machine Design p. 84 January 11, 2007)
This suggests that blended learning (using interactive synchronous online learning) is a
more effective method for achieving high absorption learning rates as opposed to the
asynchronous online learning approach. It would also appear that hands-on interactive
activities, using real equipment, could generate a very high absorption rates.
Factors for Success
Students with high levels of motivation and self-discipline are more likely to complete
online learning courses successfully.113 Other factors critical for success are student
familiarity with computers and courses which offer scheduling flexibility (to
accommodate working students).
Instructors can assist student success by responding to queries quickly, to demonstrate
regular involvement in the online classrooms and to communicate their expectations of
students clearly.
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A survey conducted at the College of Engineering at the University of North Carolina
showed that students preferred classroom teaching to online options. Despite this, online
education can easily equal classroom based learning, and in many ways exceed it. Here
are fourteen factors (a mixture of ours and those suggested by others) that illustrate the
power, both potential and real, of online learning:114
1. Student-oriented learning. There is a strong peer-to-peer ethic where students
work and take responsibility for their own learning.
2. Outstanding instructors. Due to the ease of access and lack of geographical
restrictions, superb instructors can be accessed from throughout the world.
3. International colleagues. The student population for a course can be drawn from
throughout the world–again, due to the lack of geographical restrictions. Students
are able to network and learn from a peer group, which is internationally based.
4. Niche topics due to economics. In the classroom many course topics were
abandoned due to a lack of economic viability with low attendance rates. Now
these courses can be run as participation increases when there are no restrictions
to where students are sourced.
5. Writing and multitasking. Interaction with students is accommodated through
text chats, submissions, forums, tests and quizzes. Even in the synchronous
format, instructors can text students while they are presenting or while students
are contributing: Multitasking at its best. An added bonus is that everything is
recorded for later review and reflection.
6. Highly interactive interchanges. All students are encouraged to interact through
texting and audio. The asynchronous discussions can last up to a week or longer
and often contain impressive amounts of material.
7. Lifelong learning. The responsibility for learning is the student’s. Many are
mature age and in need of courses which constantly update their skills.
8. Rich course materials. The courses comprise an eclectic and powerful mix of
videos, documents, web tours, simulations, remote laboratories and postings that
are available 24 hours a day, all week.. The online instructing approach is
uncompromising in its requirement for high quality materials. In a classroom, on
the other hand, a good instructor can often cover the deficiencies in the course
materials. This is very difficult to achieve in an asynchronous situation and in a
synchronous presentation, the short live presentations make it necessary to have
great support materials.
9. Quick interaction and support. The culture of the online experience embodies
wide ranging support. This is a necessity because of the perceived fragility of the
distance learning student working alone.
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10. Flexibility. The students’ learning times are not rigid. Even synchronous web
conferences are generally scheduled at multiple times through the day (to
accommodate time zone differences).
11. Quick feedback. Online quizzes and tests provide immediate feedback and on the
good courses instructors respond quickly to queries on content and instruction.
12. Communities of learners. Tight relationships are formed online between class
cohorts, instructors and administrators (or coordinators). These often endure long
after the completion of courses.
13. Pioneering spirits. The medium is based on new technologies that are continually
being refined. Students can benefit from this pioneering spirit where the ground
rules of education are being broken and reinvented.
14. Faculty development. There is a necessity to rework all classroom course
materials (and to create new tools and content). This also tends to “fire up” faculty
members to re-examine their instructional techniques and indeed careers as
teachers. The result is a far better experience for students and instructors.
Student Satisfaction
Typical factors relating to improving student satisfaction are: 115
Technical problems. Without adequate computer skills, lab courses undertaken offcampus can pose a serious threat to student satisfaction. The level of difficulty, even with
clear set up instructions, can undermine student confidence. Quick feedback can help
here.
Ambiguous instructions. When students are faced with instruction ambiguity (through
their own careless reading or as a result of poorly written information) assignment
completion is likely to be hampered and impact on student satisfaction levels. Support
during tutorials and help sessions may go some way to relieving this problem.
Tardy Feedback. Frustration levels can build very quickly without immediate feedback.
Timely feedback is imperative and should become policy in any online course.
Verbal and Non-verbal Cues. Some students are better suited to face-to-face learning
and may find, therefore, the lack of the cues in online training frustrating. Quick feedback
as substitute for these cues can help.
Disinhibition and Democracy in Online Learning
An incredible opportunity exists in online learning for reserved and reticent students.
During online session these students often display disinhibition, actively participating and
commenting where normally nothing would be volunteered.116 Another feature of online
learning is the increased level of democracy. All students, together with their instructor,
behave in an egalitarian manner–the instructor is much less likely to dominate a session.
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Bear in mind, however, that learning for learning’s sake (no matter what form it takes) is
unlikely to be an incentive to undertake an activity.117 At the end of the day, students
prefer to accomplish work only if it contributes to their overall grade.
Factors Affecting Student Satisfaction and Perceived Learning
In a major study conducted at the State University of New York (comprising 64
institutions), 3,800 participants undertook predominantly asynchronous online education.
Three factors were identified as being critical to a student’s satisfaction and perceived
learning.118 These included a clear and consistent course structure, useful and dynamic
interactive discussions and an instructor who interacted with students in a positive and
constructive way. These factors help to build strong learning communities that in their
turn greatly assist in the success of online courses.
Interestingly, students were not enthused with group or collaborative work. They believed
that they learned less during these activities. A typical challenge, witnessed in classroom
situations too, is getting group members working together. There was, however, no
evidence of the use of strategies (building in individual responsibility, for example) that
may ameliorate this common failing.
Self-regulated Learning
Online learning does require a considerable amount of self-regulated learning–
considerably more than in a traditional classroom.119 Self-regulated learning refers to the
knowledge, skills and attitude that is acquired through a learner’s inner drive to achieve
their learning objectives. It is important, therefore, that online students assess whether
they possess this innate motivation and ability. It is also incumbent on the instructor and
other support staff to assist students in applying self-regulated learning strategies.
Good Practice Online
Seven guidelines are listed for good teaching and learning practice:
•
•
•
•
•
•
•

Instructors should provide clearly understood guidelines that can be completed
with ease.
Assignments requiring discussion should have one clear objective with a
measurable outcome.
Students should present their projects in a team environment.
Instructors should provide both information feedback and confirmation feedback
(an example of the latter: “I have received your assignment”)
Deadlines should be imposed strictly to ensure that students maintain progress and
keep from falling behind.
High expectations for even challenging tasks should be communicated and praise
for quality work given.
Students should be allowed some latitude with selecting their own projects.

Learning Modality
Learning modality refers to a student’s optimum learning style, as can be seen in figure
3.4. These styles include visual, auditory or kinaesthetic (tactile).120 It has been suggested
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that learning style can impact on a student’s grades and satisfaction with an online
course.121 Research has been conducted at the Calgary campus of the University of
Phoenix and DeVry University. Participants were split between blended learning and
solely online sessions. It was found, however, that learning styles had no impact on their
success in distance learning as measured by satisfaction and grades.

Figure 3.4: Different Learning Styles
There appears, therefore, no significant linkage between learning or cognitive styles and
learning outcomes.122
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Timely Feedback and Timelines
Online learners want timely and comprehensive feedback to minimize their feelings of
isolation.123 Another important indicator for student success is the timeline. This provides
students with direction and reminders of submission dates and so helps them keep up.
Easy Printing of Material and Internet Speed
Students often want to print out their course resource web pages to read later.124
Printability is, therefore, a key requirement, with a high degree of readability (especially
for the ubiquitous engineering equations and diagrams). Excellent connection speeds are
also critical. Faculty should be quick to provide support here, as compromise will result
in student frustration and dissatisfaction.
Typical Requirements for Overall Structure of Online Courses
A summary of the typical requirements for online courses is provided here. It has been
taken from a document by the Association for Learning Technology (ALT).125 The key
areas:
General Considerations. This encompasses course objectives, policies, procedures,
content, structure and operation. These need to be provided in adequate detail.
Accessibility. This relates to the ease of access to the course (such as internet and
computer access) and the ability for the course to be scaled to meet varying numbers of
students.
Organization. The course should be simply and clearly organized to allow learners to
grasp its overall structure and then to move from one part of the course to another with
ease. For example, they should be able to move swiftly from the introduction, to the pretest, to the materials, to the self-test and on to the assignments.
Language. It should be unambiguous, easy to understand and study. Verbs should be
written in the active tense, and the conversation directed to the student in the “second
person” (“you” rather than “she”, “he” and “it”). Technical jargon should be avoided, but
language that is positive, enthusiastic and supportive employed.
Layout. Ensure the layout of the course is attractive, enticing and consistently structured.
Goals and Objectives. Provided at the beginning of each module and explained clearly.
They should be attainable and tie in well with the content.
Course Content. This should be structured so that it is encouraging rather than
overwhelming. It should be targeted appropriately, to the correct level of the learner. It
should be accurate, rigorous, regularly updated and closely tied to the course objectives.
Copyright of the Resources. General copyright permission must be secured before the
use of course materials, books and videos. It needs to be examined carefully; better to err
on the side of caution.
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Instructional or Learning Strategies. Effective learning should result from all course
materials. To this end, wherever possible, customize the materials to suit the requirements
of the individuals in a “classroom”.
Learning resources. Extensive and easy access to learning resources should be built into
the course. Required and optional materials should be made available.
Evaluation. This should be fair and objective. Measures necessary to protect it from
plagiarism or academic dishonesty must be employed.
Internet Performance
Two network parameters particularly relevant to online education are bandwidth (speed
of the internet) and latency (degree of internet responsiveness).126 A 12Mbit/s target
bandwidth or throughput (as with Australia’s in-progress National Broadband Network,
using fiber for the premium service of fiber to the home or premises) would allow for
downloading of a lecture recording of an hour (60Mbytes) within 5 seconds against that
of 5 minutes on ADSL (1.5Mbits/s). Latency is expected to be less than 10 msecs.
Latency (or Round Trip Time) should be less than 150msecs for telephones against
interactive gaming of under 10msecs. A remote lab would become unworkable with a
round trip time exceeding 300 msecs. Unfortunately, when the internet is based around
satellites the latencies becomes huge. A geostationary satellite has a latency of 1,000
msecs to 1400 msecs, a medium earth orbit satellite has a latency of 125msecs and a Low
Earth Orbit satellite has a latency of 10 msecs.
3.9
Engineering and Online Learning
As indicated in the previous chapter, engineering professionals were surveyed to gauge
attitudes to online learning.127 The growth of online learning is certain, but interestingly,
evidence shows much less activity in the engineering arena.
Although the engineering professionals gave distance learning (of which online learning
is a component) an average rating, a large number indicated that they did not know much
about it or its application. An interesting observation is that many were enthused about
the importance of more informal methods of gaining knowledge as found, for instance, in
on-the-job training (using technical papers, books and one’s peers, for example).
Online Learning is Unknown
30% of engineers and technicians had never heard of online learning and the perceptions
of many who had was not favorable (evidenced in the later questions and qualitative
comments). Only 37% of the total number of respondents had attended an online learning
course (either synchronous or asynchronous) in the past three years. This is low
compared with 72% in the financial and human resources industries, for example.128
Of those respondents who had attended an online course, the most popular were computer
courses, closely followed by personal development and then instrumentation and
automation (probably a bias because of the database source). Other courses that had been
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attended included occupational safety, management, business, project management and
environmental.
Completion Rates
The completion rate for online learning courses was 63% (still lower than for equivalent
classroom sessions).
The Cost of Online Education
Although there are more non-paying participants of online learning courses, a significant
proportion (41%) are paid for. A common belief is that they are too costly. This may be
due to the perception that resources on the internet should be free.
The Support is There
70% of those familiar with the concept of online learning were supportive or highly
supportive of the teaching methodology.
Duration
The average duration for online learning sessions tends to range between 30 and 60
minutes, which is, in the author’s experience, acceptable for optimum results. There were,
however, a significant number who endured sessions that ran for longer than two hours–
fairly lengthy transfers of knowledge, where one would question the effectiveness of the
learning.
Online Learning is Not Engaging
56% of the respondents felt that online courses were less engaging or motivating than
face-to-face or classroom options. (Some respondents may have assumed this without
experiencing, first-hand, online teaching). Whether these perceptions are real or not they
will affect interest in online and blended learning and resultant registrations. Only 10%
felt that online learning was more engaging than its traditional counterpart, but then the
evidence indicates that most respondents had been exposed to basic asynchronous online
learning, which could account for this.
The Breakdown in Online Education
Respondents had been exposed to a mix of training methodologies. 50% to face-to-face
or classroom based teaching, 0% to synchronous online learning, 10% to self-paced
online, 10% to offline, 10% to mentoring and coaching, 10% to print-based learning and
0% to audio and video sessions. The figures suggest that the more traditional forms of
online learning have been employed, leaving significant room for expansion into the
synchronous approaches to training.
Hands-on Online Training: A Challenge
It appeared that around 27% used simulation software and only 6% remote labs in the
online or blended courses they were registered on. In the general qualitative comment
field, there was considerable discussion on the major deficiency of online learning–a lack
of experiential learning with real equipment (crucial for engineering training). This need
for hands-on training is supported by others.129
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A return on investment (ROI) calculation shows a real economic return in undertaking the
training and is perhaps an obscure measurement for most trainees. Unsurprisingly, only
9% of respondents indicated that they were performing ROI calculations on training
against 43% who were not. This is in line with the general training market. It appears that
decisions for undertaking online learning are based purely on the cost savings, not on
ROI.130
Overall there seems to be a significant interest in the technology, with online learning
following an expansionary path.
Management Support
As with other forms of training, management is seen to be unsupportive, with a low 16%
vouching for it. Other problems included 14% of respondents finding the experience
boring and the content of low quality, 13% finding the fast changing technology a burden
and another 13% tending to be culturally resistant to any new form of training.
The qualitative comments generally included reference to the rigidity of training online,
the fact that it was boring and dull and that interaction with the instructor was inadequate.
It is believed, however, that with good quality synchronous online learning most of these
issues can be addressed.
Weak Infrastructures Result in Poor Online Experiences
Numerous regions in the world and various work sites in more remote areas still have
poor data communications links and weak supporting infrastructure. This has a negative
impact on online learning. The rapid increase in the use of broadband, however, will go
some way to ameliorating this issue.
The Near Future for Online Learning
Online learning technologies will dramatically increase in the next few years. Learning
Management systems enjoyed the highest response, followed by testing and
videoconferencing. A negligible response was received for asynchronous online learning.
One third of respondents, however, still indicated uncertainty with the future direction of
online learning technology.
Instructor-led Classrooms Still King
The final question asked for their projections on training methods in the next few years.
In the lead was 20% for instructor-led classrooms, followed by 13% for multimedia such
as DVDs and CDROMs, 12% for self-paced online and 12% for blended learning.
Informal Learning is Vital
Many noted the importance of informal learning, which ranged from internet research,
knowledge Net Portal, books, discussions with colleagues, on-the-job training and
forums. Typical comments were as follows: “… so much learning for me is unstructured,
looking up specific topics on the web as a form of self-taught learning”. This is obviously
a rapidly growing knowledge base from which to learn. In the past, a book offered a
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fairly one-dimensional method of accessing knowledge, but having an interactive
discussion with an expert on the internet is undoubtedly a completely new and more
multi-dimensional way of acquiring knowledge. Generally, on-the-job training is valued
in terms of the overall training process.
Conclusions
In an effort to summarize the research outlined above a number of recommendations
surfaced.
The aging of the workforce in engineering (and industrial automation) is likely to have
serious consequences for engineering. To overcome this, the working age of engineers
should be extended, skilled workers retained and recruitment increased (with a focus on
females as well as males).
A large number of engineering respondents claimed to know little or nothing about online
learning. To remedy this, a significant marketing effort is suggested; to outline the cost
saving potential and, more crucially, because the learning experience can be enriched by
using a blended learning approach.
To counteract the poor perception of online and blended learning, high quality training
materials and resources are imperative–with a focus on synchronous online leaning–using
simulation software and hands-on training techniques, which are particularly important
for engineering education which requires a robust hands-on component. It is vital that the
engineering community comes to see online learning as a productive experience–with the
potential for interaction in live, synchronous, instructor-led training.
Poor management support of the new technologies of learning was often mentioned as a
reason for the poor take up of blended and online learning. The business case for
improved learning and lower costs should be driven home by the leadership at the various
engineering institutions and societies. Management reticence is understandable, as the
online medium is still relatively new and remains unproven. There is evidence of
increased expenditure on engineering training by corporations and it follows, therefore,
that advantage should be taken of this with the promotion of online and blended learning.
This is particularly pertinent with the growth of the internet in providing online informal
training resources ranging from chat rooms, online materials, discussion forums and peer
support.
This promotion of online technologies, for engineering training and education, is vital
because ultimately it will encourage more effective knowledge dissemination.
The State of Play in Engineering
Another item of research from 2005, which is perhaps somewhat dated, but provides a
general picture of online training activities in various areas of study.131 126 institutions in
the USA participated. 30% offered an online engineering degree (largely associate
degrees, with only one providing a bachelor degree). The majority of these degrees were
offered in the electrical or computer engineering fields. Over 80% were offering a
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master’s degree online (the main reason for these being more prolific than undergraduate
courses is the requirement for extensive labs in the latter132). 90% of the institutions used
asynchronous web-based technologies for delivery of their programs with approximately
50% using synchronous technologies (but then, as mentioned, this study was completed
some time ago).
While leadership and higher-level management are essential when launching online
programs, grassroots support from an institute’s lecturers and support staff is also
critical.133
3.10

The Costs (Time and Financial) of Building Online Courses

How Onerous is the Creation of Online Learning?
The time (and indeed money) required to build an online course is significant. Most
authorities would agree that an instructor-led, classroom based course can be initiated
much more quickly. Our experience is similar, although the investment of time does
fluctuate and is determined by the degree of customization required. The benchmarks, in
the table that follows, are interesting to note when undertaking budgeting and planning
for online learning course production. Bear in mind, however, that the table does not
differentiate between synchronous or asynchronous despite this being significant. When
the cost to produce the materials is counted it may be tempting to outsource the work to
more inexpensive producers. It is necessary to be wary, however, as poor quality training
resources often result and the time invested in remedying this may prove even more
costly.
Table 3. 6: The Length of Time Required to Create an Online Learning Course.
(Adapted courtesy of Bryan Chapman in alliance with Brandon Hall research.134)
Ratio
34:1

220:1
345:1
750:1

Form of learning
A complete instructor-led project including
its planning and design with lesson plans,
handouts and PowerPoint slides (but
excluding a detailed comprehensive
reference manual or book).
A standard online learning course including
its presentation with audio, some video, test
questions and 20% interactivity
The design, creation, testing and packaging
of third party courseware.
The creation of simulations from a “blank
sheet” with highly interactive content.

The economics of preparing and selling online learning materials can be daunting indeed.
For example, based on a ratio of 345:1 and a wage of $50/hour, the production of a highly
technical one-hour course, in a specialized area of electrical engineering, would end up
costing $18,000 for training materials plus another $3,000 for the marketing and
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packaging of materials with part of this for sales staff. Based on the relatively weak sales
of engineering training videos, one would not expect to sell more than 70 to 100 of these
per year. It would require a minimum packaged cost of $300 per training course simply to
break even.
Suggested Pricing for Online Courses
For three credits over one semester, the following costs have been suggested:135
Level 1. A low level course using an LMS, chats, forum and email with static course
content would require 200 to 250 hours (for an existing course) and 700 to 1,000 hours
(for a new course). For a school of 10,000 online students, computer costs would be an
additional $20,000 with a monthly fee of $1,000. Two additional staff would be required
to support the LMS infrastructure, students and faculty.
Level 2. A mid level solution would be similar to Level 1, but with the addition of audio
and video streaming. The development and delivery (using Camtasia) would add an extra
10% to the cost of Level 1. In addition, a web server necessary to support the streaming
would cost another $25,000.
Level 3. A high-end solution would include audio and video captured from a classroom
course (using Polycom videoconferencing units). With the additional effort another 30%
would need to be factored in on top of level 1 or 2. Individualized videoconferencing
classroom units are about $3500 each, with hardware and software costing in the order of
$30,000. Staffing costs would add another $20,000 pa.
Based on the authors’ experience, these costs would appear to be on the high side. One of
the truisms when working with software, however, is that it is very easy to underestimate
costs (often significantly, as we have found painfully on many occasions).
A suggested cost for outsourcing the course development for a three-credit-hour college
course is $40,000 (excluding specialized video development).
There is some evidence that colleges are reluctant to apportion the true costs for each
online course in the fee structure, such as charging at differential rates for high and lowcost courses. Although labor and material costs for both online and classroom offerings
are similar, for online offerings the costs skyrocket for overheads such as computing and
associated support infrastructure.
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Key Points and Applications
Chapter 3
The following are the key points and applications from this chapter entitled: Putting
Online Learning Under the Microscope.
1. The five pillars of online learning are learning effectiveness, student satisfaction,
faculty satisfaction, access and cost effectiveness.
2. Three essential building blocks of online learning are motivation, meaningful
content and memorable interactivity.
3. Asynchronous approaches are preferred by faculty because of the additional
workload and time inflexibility issues that synchronous programs create.
4. A key model for instructional content is ADDIE (Analyze, Design, Develop,
Implement and Evaluate).
5. Some advantages of synchronous learning are connection of dispersed learners,
real time interaction, access to expert instructors and lower attrition rates.
Disadvantages are different time zones, technical issues with equipment and lack
of human contact.
6. Some advantages of asynchronous learning are flexibility, convenience and the
self-paced approach.
7. Blended learning combines online with face-to-face and is probably the most
powerful form of learning. This is especially useful for engineering education
where the labs are provided in a residential setting.
8. Students tend to prefer convenience over efficacy–such as the independent
passive modes of instruction (e.g. powerpoint slides) against synchronous fixed
time and interactive video/audio files.
9. The No-difference phenomenon is valid: The different media (online/classroom
etc) don’t have much impact on learning outcomes. However, the quality of
instruction and the instructor are critical.
10. Student attrition is increased by poor instructor to student communications, weak
support, incompatibility of learning styles to online, low motivation and wrong
expectations (about real effort required in terms of hours and time).
11. Presence–the sense of being present in a particular environment–is important for
online success. There are two types: Telepresence (being “there”) and social
presence (being together with others, e,g, people and equipment).
12. Teachers should use strategies to increase presence in the course to improve
satisfaction and learning outcomes such as a warm welcome and introduction,
strong interaction between instructor and students and end on a high positive note.
13. Teachers should build high levels of interactivity: Learner-instructor, learnerlearner, learner-content, learner-interface (e.g. to computer) and learner-individual
(time out with the student doing her “own thing”).
14. Immediacy is the psychological distance between communicators and is created
through communication. It is vital to use humor, to drive and provide quick
feedback, and to use student names and discuss personal interests.
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15. Students’ depth of recall for different instruction types ranges from low (email,
online white papers) to medium (audio, video and online powerpoint
presentations) to high (simulations, games and interactive classes).
16. Engineering professionals tend to have a poor impression of online learning with
doubts expressed about how hands-on labs could be conducted online. Informal
learning was, however, highly regarded.
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Chapter 4
Key Elements of Asynchronous Online Learning
“Education is what remains after one has forgotten what one has learned in school.”
– Albert Einstein
Chapter Contents
4.1
Introduction
4.2
Conducting a Typical Asynchronous Course
4.3
Learning Management Systems (LMS)
4.4
Discussion Boards or Forums
4.5
Authoring Tools
4.6
Online Textbooks–Do They Work?
4.7
Videos
4.8
Activities that Add Value
4.9
Best Practice Course Design Principles
4.10 Applications
4.1
Introduction
The asynchronous approach to online teaching is the one most commonly employed. The
following illustrates how a course is structured with the majority of its focus on
asynchronous methods of teaching, with very little dedicated to synchronous techniques.
A course on Engineering Cultures at Virginia Polytechnic Institute included videos of
lectures, electronic copies of course resources and assignments, a discussion board and a
scheduled one-hour weekly online discussion (presumably based around the discussion
board).1 There was no use of synchronous technologies (such as web and video
conferencing.
A survey of over 100 students at the University of Houston revealed some interesting
comments about what is valued with online asynchronous education.2 The results
revealed that students favored the simplicity and ease of navigation on the website. They
did, however, regard the timely response from instructors and clearly stated course
objectives as critical. Their appreciation of discussion boards, working in teams and electures (e.g. synchronous online learning) did reveal a preference for a mixed approach.
These issues will be examined in this chapter.
This chapter commences with a discussion on conducting a typical online course
followed by the key tools of learning management systems, discussion boards and
authoring tools. Other asynchronous issues such as the fast growing online textbooks and
video technologies will then be detailed. The chapter will be concluded by listing
valuable activities for asynchronous courses, best practice design principles and
applications that will illustrate the points made.
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4.2
Conducting a Typical Asynchronous Course
How a typical asynchronous class is constructed and then conducted can be based on the
well-known approach used by the University of Phoenix, but they will naturally vary
from college to college.3
The initial stage involves structuring the course into appropriate modules. Each module
has a set of learning objectives, reading assignments, lectures, white papers and
discussion topics. To measure the degree of the student’s learning during the course
assignments, quizzes and examinations are used.
The virtual classroom is comprised of various rooms. These include a general discussion
board, a lecture hall for the posting of lectures and supplementary materials, an
assignment room where students post work and where viewing is limited to the instructor.
The final room is for “chat”, for general non-course related discussions.
An instructor initiates a course by posting a brief "bio", a welcoming note, the course
syllabus and lecture materials. Students are then expected to log in and post their
background bio and commence text-chatting to each other. The instructor sets up a
“filter” to track the members of the class in terms of their discussion contributions. This
can also assist with the detection of plagiarism and the integrity of student submissions.
Participation is a key part of the online course with some instructors giving it a grade of
30% of the overall mark. This is measured by the number of worthwhile contributions,
especially on the discussion board.
The instructor provides students with personal feedback on their performances at the
conclusion of a module. Detailed grade information during the course is useful as it
clarifies the progress being made by students and helps minimize disagreements about
how final course grades are reached.
A key building block of an asynchronous course is the learning management system and
this is discussed next.
4.3
Learning Management Systems (LMS)
An Engineering Mechanics course on Statics at the University of Florida, with an
enrolment of between 400 to 500, was converted to an online course with optional
attendance.4 Three technologies were considered to have had a positive impact on its
delivery. The first was the on-demand, high quality video and audio recordings. The
second was the Sakai LMS that provided a consistent framework for the dissemination of
course resources and the recording and private display of grades. The third was the use of
Social Media (Twitter and Google+) for improved collaboration and the dissemination of
priority information. Surveys revealed strong support for the blended approach and the
overall attrition rate remained fairly static despite the new format.
As a group of e-learners grows, the management of the resources, learners and instructors
becomes increasingly difficult.5 In our day-to-day activities, we reached over 200 learners
on our advanced engineering diploma courses. At this point the two managers or student
coordinators were receiving about 300 emails per day. These became frustrating because
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despite receiving the necessary information students still sent enquiries that ranged from
webcast times (with some confusion arising from time zone scheduling), to the links to
their virtual classroom to finding their results. Instructors were similarly inundated. To
stabilize the situation it was necessary to introduce a Learning Management System
(LMS). The one we chose (and there are many out there) was Moodle as the creators
lived down the road from our office and it was free (although this is not necessarily the
case when it is configured). Some training providers simply use the LMS as a stand-alone
method of conducting an online course. The course readings and assignments can be
uploaded to the LMS and the students can asynchronously “chat” with each other. We
believe, however, that this is over-simplifying things. In addition, and more dangerously,
an LMS can result in a barrier behind which the course providers isolate themselves from
their learners. The lack of presence and direct communications between instructors and
learners needs to be alleviated, instead, through the use of audio, video, text chatting and
emails.
An LMS manages the learning events, instructors and students and is a critical
component in any serious attempt at presenting online learning courses to significant
numbers of students. Typically an LMS can:
•
•
•
•
•
•
•

Manage the course materials–for the learners, the instructors and administrators–
enabling easy access to reading materials.
Notify learners of training events and modifications to schedules.
Allow students and instructors to access training events from one site.
Form communities where learners can (text) chat to each other.
Launch online learning sessions from one location.
Provide a central storage location for instructors developing materials.
Set up quizzes and asynchronous online learning sessions.

It is useful to visualize an LMS as a busy train station–a terminus if you like, a central
location where one meets with all the other passengers (learners). Here a train (course) is
selected, provided one has purchased the appropriate ticket (course permissions). You can
then board the train and set off on your journey.
Bear in mind that unless the LMS is extensively used by both instructors and students, it
will fail. The consequences are dire for the instructors and learning coordinators, as their
workloads will undoubtedly increase.
The terms Course Management System (CMS) and Learning Management System (LMS)
have been used interchangeably in the online learning field.6 Today these two terms are
often interchanged with a third; Virtual Learning Environment (VLE).7
Learning Management Systems
LMSs have evolved considerably from the original rather primitive CMSs. The functions
of the former have expanded.8
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Core features of an LMS are typically:
•
•
•
•
•

Launching courses.
Tracking student progress and completion.
Following learning paths.
Providing testing and evaluation.
Providing reports.

Others include:
•
•
•
•

Classroom management.
Authoring of content.
Virtual classrooms (synchronous presentations).
Student portfolios.

An example of the operation of a typical LMS is given in Appendix B.
A survey of students at the College of Technology at Purdue University revealed a fairly
low level of interaction with the Blackboard LMS. This may have been due to the
enrolments of mainly traditional classroom learners (only 15% had taken an exclusive
online course).9 Most felt, however, that access to course resources made it easier to track
their progress and keep in touch with other course participants. Complaints included
technical issues (slow and unresponsive); some were concerned by the lack of
consistency and of the low level of usage of the LMS.
Corporate Learning Management Systems
There are over 250 commercial learning management systems on the market and this
excludes open source offerings such as Moodle.10 Perhaps the first real LMS was from
PLATO (Programmed Logic for Automated Teaching Operations), put together in 1960
on a mainframe computer system at the University of Illinois.
The most common Learning Management Systems (LMS) or Learning Content
Management Systems (LCMS) are WebCT and Blackboard, which merged in 2006.
Other common ones are Sakai, Desire2Learn and Moodle.
The popular and free LMS Moodle (Modular Object-Oriented Dynamic Learning
Environment) was developed in 2001 and is reported to have almost 50,000 sites around
the world.11 The training institution using it needs to host the system or use an outside
provider (such as Moodlerooms) to do the hosting. The topic or time-based structure of
Moodle allows considerable flexibility. One slightly irritating restriction, on earlier
versions of Moodle, was the limited space for comments by instructors on student work.
The costs of LMSs vary considerably, ranging from those that are offered free, such as
Moodle, to those that cost hundreds of thousands of dollars. Bear in mind, however, that a
free open source system can cost a significant amount in installation and maintenance.
There is no such thing as a free lunch.
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A detailed history of LMSs can be found on Wikipedia under History of Virtual Learning
Environments (the British term for an LMS). The term LMS originated in the early 90s.
Another term used frequently, and coined in early 2000, is the term Learning Content
Management System (LCMS). It allowed for the management of learning content within
a central database. In this central database the instructor could store chunks of learning
(often referred to as learning objects), and easily retrieve them by doing a search. These
learning objects could then be appropriately combined to create a course. The idea was
sound, but a little unwieldy and eventually enthusiasm waned. With individual formats,
inter-changeability became an issue. One of the most common standards to allow
compatibility between different content is called SCORM (Scalable Courseware Object
Reference Model). This offering is now generally part of a standard LMS.
Two LMS standards were introduced to encourage interoperability with competing
offerings. The first was the AICC (Aviation Industry Computer Computer-based training)
and the second was SCORM (Shareable Content Object Reference Model). The founding
companies for AICC were Boeing, Airbus and McDonnell-Douglas; most LMSs comply
with this early standard. SCORM was developed by the US military and the picture for
compliance is somewhat murkier here with two levels: Conformant and certified.
Conformant means that the vendor certifies that the LMS follows the rules of SCORM
for a particular release (1.1, 1.2 or 2004). Certification means that the LMS has been
certified by ADL (the overarching body for SCORM) as compliant. However, currently
very few LMSs are interoperable according to this standard.
A more exhaustive list of features of LMSs are as follows:12
•
•
•
•

•

•
•

Communication Tools (discussion forums, discussion management, file exchange,
internal email, online journal notes, real-time chat, whiteboard).
Productivity Tools (bookmarks, calendar or progress review, searching within a
course, help and orientation guide).
Student Involvement Tools (group work, community networking, student
portfolios).
Course Delivery Tools (test types, automated testing management, automated
testing support, online marking tools, online grade book, course management,
student tracking).
Content Development Tools (accessibility compliance, content sharing or reuse,
course templates, customized look and feel, instructional design tools,
instructional standards compliance).
Administration Tools (authentication, course authorization, registration
integration, hosted services).
Assessment Tools (a key part of every LMS: the ability to author and manage the
content for a course).

A Learning Management System (like Moodle) can be a useful tool for assessing how
students use online resources. It can also be used by instructors to assess student trends
and to help with the redesign of course materials where and when required.13
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One of the inevitable challenges with an LMS is in implementing a system. The average
time taken to achieve this would appear to be four weeks, but with some users reporting
up to 26 weeks in extreme cases. To limit this time commitment, avoid customizing the
LMS software for your particular application (besides the configuration of the system).
Apart from the time, customized software platforms are horrendously difficult to
maintain. Upgrading the LMS can be a thorn in your side and expensive; we have had a
few difficulties recently with our open source Moodle LMS due to incompatibilities with
the existing Windows web server on which it was running.
Learning Management Systems and the Commuter Student
It has been suggested that the average student now commutes to campus (as opposed to
living on campus). These students represent a growing culture; fast growing and nontraditional. They tend to be mature-aged and the first generation of their families going to
university. They are often supporting dependents and are from a previously
disadvantaged group.14 A research study at the School of Engineering and Technology at
Indiana University-Purdue University Indianapolis investigated how the online
environment could benefit commuter students (with a focus on what is ideally required in
an LMS). High quality and easy-to-use communication tools were identified as most
important (for the posting of messages, course materials and grades, for instance). A
standardized interface for all courses (and instructors) was also deemed necessary by the
students. Further to this, the use of one LMS interface, for all university activities, was
deemed vital. This included such activities as registration, fee payments, course
resources, transcripts and university messages.
These two requirements of standard interface and only using one LMS interface strike a
sympathetic chord with the first author, as he undertook a master’s degree at a wellknown university where the lecturers were unenthusiastic about using any standardized
interface (other than an occasional email) and the use of the LMS changed depending on
the course presented. This caused enormous confusion for the students. They were
required to recall multiple passwords and there was uncertainty about the best way to
communicate with the lecturer and how to access course materials.
Ensuring Success with a Learning Management System
Research has indicated that approximately 80% of organizations that implemented LMSs
were either dissatisfied with the end result or only partially happy.15 Two areas of
concern emerged as dominant; the time it took to get the LMS into operational mode and
the unexpected effort necessary to maintain it. A few suggestions for the successful
installation of an LMS:
•

•

Clearly define (with input from all departments involved) the intended uses for
the LMS. This could range from reducing the costs of training and automating
training administration to minimizing the daily deluge of emails from students.
Define the technology requirements. First, clarify how it will integrate with other
systems (such as existing HR systems or client databases). Secondly, ensure that
there is interoperability between the LMS and data from outside libraries and
authoring tools used to create content (presumably to standards such as SCORM).
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•

•

•

Thirdly, confirm that data can migrate from existing tools (such as spread sheets,
and Access databases) to the LMS. Finally, guarantee easy and effective access to
the LMS from the students’ computers and other similar devices.
Detail the administrative requirements for the LMS. This includes the day-to-day
administration and must involve the people responsible for its maintenance and
those performing such tasks as entering and updating new data (such as new
employees, students and learning content), creating reports and handling
upgrades.
Consider carefully the acquisition and management of content for the LMS (from
other libraries, for instance, or generated in-house). It is useful to tie the content to
employee competency maps (sourced from their job descriptions).
Market the LMS to all relevant users by carefully detailing its benefits. Part of this
marketing strategy entails training all users on how to apply it and expeditiously
fixing any bugs identified. With adequate momentum its use will become
extensive and this will benefit the organization. During this process goals should
be set to measure its success or otherwise.

Online Annotation: Software for Quick Feedback
Providing assignment feedback to students via the LMS is a long-winded exercise.16 This
remains a significant LMS drawback. One of the best-known annotation approaches is
Microsoft Word's Track Changes. Over the years there have been other attempts to
provide a more open and collaborative mark-up system, but with limited success. Google
Docs, however, is becoming more popular.
Benchmarking Learning Management Systems
A benchmarking study of the LMS, across two Australian universities (Griffith and the
University of Western Sydney), revealed similar results.17 A broad range of content was
posted to the LMS (including course outlines, lecture notes and materials). Video casts,
podcasts and lecture recordings, on the other hand, were not widely posted.
Communication of important information to students was used extensively, but little
usage was made of the collaborative features, such as the discussion and synchronous
chat boards.
Students valued the clarity with which the LMS communicated the course requirements
and its scope. Instructors appreciated the ease with which they could identify their
students; whose names and photographs appeared alongside each other.
A Learning Management System is certainly a positive step forward from the old
approach of placing everything up on an instructor’s web page.
Optimum Layout of Student Interface
The optimal layout of the LMS’s Student Interface has been gleaned through research.18
The home page icons were usually the first point of access. Students became frustrated,
however, with the multiple access points. These presented them with some confusion–if
all were not accessed would crucial information be missed? Furthermore, there was an
overriding fear of an unrecoverable error; for example, with the clicking of an exam icon

120

a timer is inadvertently set. It is clear that explanations need to accompany the use of the
LMS.
These remarks are backed up by a survey on the use of Blackboard conducted at Purdue
University. It revealed that the ease of access of course materials and grades was regarded
as an especially important task of an LMS.19 Most respondents preferred consistent use of
the LMS by all instructors, rather than fractured and inconsistent applications. For both
students and staff; reliability, speed, simplicity and the ease of navigation with
standardized templates were considered optimal.
Learning in Groups with an LMS
Teaching Introductory Physics to general education students can be a challenging
proposition. There is a level of disinterest because they cannot visualize its link to their
planned careers.20 To improve the learning experience, break classes into smaller groups
of up to 11 students with each group assigned a different, but compulsory, presentation.
Each group takes turns presenting its topic to the class, for between five and seven
minutes, during the 10-week module. Use the Blackboard LMS to upload presentations,
notes, photos, videos and other useful documents and links. This allows the class to
access the materials. Most students will tackle the project with enthusiasm, particularly if
the projects are aligned with their interests (a careful grouping of students is worthwhile,
as a result). Collaboration and communication between students will develop. This type
of exercise is especially successful with smaller groups.
Access to a Free LMS via Open Source Tools
Not all institutions have the financial resources necessary to purchase an online learning
infrastructure.21 There are a few suggested Learning Management Systems that are free or
open source and which are worthwhile investigating. These include: Moodle
LogiCampus, Dokeos, ILIAS and Trellis. Bear in mind that while they are ostensibly
free, they do consume considerable resources (time and skills) in setting up and
maintaining.
Replacement of LMS
A survey revealed that approximately 80% of organizations reported the use of an LMS,
but a third indicated that they were keen to replace them.22
Many of the respondents considered their top requirements of an LMS to be efficient
learning tools (for assessment and web conferencing, for example), enterprise system
integration capabilities (including ERP, email, sales, marketing and payroll), proficient
reporting and ease of use.
4.4
Discussion Boards or Forums
These are commonly used in distance learning (particularly in asynchronous online
learning) and can be part of an LMS, but because of their importance are considered
separately.23 They assist in creating a sense of community and can counteract the higher
attrition rates found in distance leaning. In order for them to genuinely add value to the
learning process they require careful design and support by the instructor. Furthermore,
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students should be actively involved in their knowledge construction. To facilitate this
process instructors can set up learning opportunities, provide quick feedback, engage in
scaffolding (support in the learning process) and encouraging reflection. Passive posting
of comments and simple recall questions, on the other hand, are not effective in building
significant knowledge in the student. The study revealed that debates and argumentation,
related to the discussion forums, resulted in students drawing on higher order learning
skills. To this end the instructor should be responsible for the construction and
management of appropriate debates that encourage and develop deeper thinking in the
students.
There are a variety of terms used for these ‘discussions’; threaded discussions, discussion
boards, discussion forums or a combination thereof.24 They can be conducted both
asynchronously (chatting over a period of time) or synchronously (at the same time).
Asynchronous discussions remain the more common format due to their flexibility.
There are four main benefits of discussion boards:
•
•
•
•

They encourage sociability through the easy dialogue possible between people.
They help alleviate feelings of isolation.
Through interaction with others, knowledge absorption improves.
They help students maintain their schedules and keep on track. By providing a
window into how the student is faring, it enables timely corrective action.25

Asynchronous text discussion forums are often more effective than instantaneous, faceto-face exchanges because students have more time to reflect on the concepts and make
meaningful contributions to particular topics. The instructor is also able to build an
archive of each student's contribution during an entire course. This becomes, therefore, an
objective and measurable discussion, something that is not possible in a face-to-face
verbal exchange?26
The discussion board is one of the best methods of learning in asynchronous distance
education.27 Despite persistent concerns that the learning experience is hampered without
face-to-face interaction, qualitative research has shown that the quality of discussions, in
both online and face-to-face environments, is similar if meaningful questions are
provided (with similar levels of instructor facilitation presumably).
Discussion Forum Guidelines
During a working discussion forum at the University of Tasmania (Launceston), four
issues were identified in its design and execution:
•

•

Discussions should be tightly integrated with other aspects of the course (such as
objectives, content and assessments). Roughly, they should run for a week, with
six topics per semester. The end of semesters should be avoided to ensure the
heavy workload and pressure on students is not exacerbated.
To encourage wider ranging debate and higher order thinking, topics for
discussion should aim at divergent thinking (complex, ambiguous, open-ended
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•

•

•

components) as opposed to convergent thinking (well defined, with minimal room
for different opinions).
A threaded approach (grouping similar questions and replies), as opposed to a
time chronological blog format, encourages discussions that explore topics more
deeply.
To optimize interactivity the moderator should contribute to discussions, keep
groups to a maximum of eight and ensure discussion windows are limited to one
to two weeks, for each topic.
A suggested 10% of the total assessment should be allocated to the quantity and
quality of discussions and 7% to the online conference.

An Example
An undergraduate Construction Engineering course at the University of Southern
Queensland added a discussion board in 2004, to assist students cover the large volume of
materials for the course.28 This was introduced as a summative assessment. Students were
randomly grouped, with eight in each group. Four topics were provided to each group
during the semester. Students were given two weeks to discuss the topics and then they
submitted a group response, based on a range of open-ended questions that allowed for a
variety of answers. A total of 10% was allocated to each group discussion. Group
members also had to rate their peers (from 100% to Nil). There were problems, one of
which involved a time blowout; the discussion groups spent longer than the allocated 5 to
8 hours per topic (this included their own work, 3 to 4 postings on the discussion forum
and the collation of the final submission). Staff became a little overwhelmed by the work
it involved too, with the volume of traffic to the site and with the allocation of individual
grades. The improvement in student grades that had been hoped for was unfortunately not
witnessed. Discussion boards were retained, but their offerings were relegated to the
formative assessment of students. More emphasis was placed on students to undertake
formative assessments, however, before undertaking their summative assessments.
Increasing Motivation Through Assessments and Forums
It is challenging to achieve a high level of interaction in web discussion boards.29 A
certain number of posts can be expected from students, but without adequate motivation
they will rarely exceed the minimum requirements. It is best to encourage students to
understand that collaboration and interaction can significantly improve their learning and
are a good trade off against lack of time and flexibility. This is especially effective with
adult students who are time poor.
The participation in forums is often considered to be disadvantageous as students believe
they lose the competitive edge (as valuable knowledge is shared). Furthermore, they can
be time consuming.30 To motivate students and ease these fears three approaches are
proposed:
•
•

Peer review. The quality of the posts is assessed by other students based on a
marking scheme. This penalizes students who are unfair with their scoring.
Score contributions. These are based on the number of messages posted, the
average length of messages, the average number of replies per message and the
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•

average number of times a message is referenced by other messages.
Instructor involvement. There is a strong and positive correlation between
instructor involvement in the discussions and student involvement.

Student participation in forums is inevitably driven by its relationship to the final mark.
Interestingly, research has shown that the more time an instructor devotes to a discussion
forum–through asking questions and providing guidance–the higher the student grades.
There is, however, no correlation between the number of instructor posts and student
grades.
The Student Facilitator
Classroom discussions, which are usually instructor-led, are often spontaneous,
immediate, lively and unstructured. In contrast, online discussions are often
asynchronous, reflective and tend to be more student-oriented or peer-to-peer
discussions.31 Online discussion sessions (whether synchronous or asynchronous) are
becoming increasingly common, but this is being matched by the growth in the
instructor’s workload. Materials need to be prepared, discussions facilitated and
responses to student queries provided in a timely manner, 24/7. In order to alleviate this it
is interesting to note that there is evidence that peer-to-peer learning is effective, even
resulting in a depth of understanding in a topic. It also improves interpersonal and social
skills. To test this, Griffith University in Queensland, Australia (in the School of Public
Health) conducted student-centered online learning sessions. For each session, a student
was nominated as, “content expert” and had to prepare and post a discussion primer
online. In contrast to the traditional online forum, the instructor became somewhat
removed from the process and this resulted in a reduced workload. Feedback on this
student-centric peer-to-peer discussion forum evinced considerable support from
students.
Wikis, Blogs and Discussion Forums
As well as discussion forums, wikis and blogs have also both been used successfully in
asynchronous learning, but with some notable differences between them.32
Wikis and discussion boards encourage contributions from a number of different
participants, while a blog is generally driven by one student. A wiki is essentially a
democratic structure with all users free to contribute, whereas a discussion forum is
usually driven by an instructor and a blog is driven and owned by one individual.
High Quality Online Discussions
There has been some debate about the value of threaded discussion forums in online
courses.33 The challenges involve non-participating students and the measurement of a
student’s real contribution to a discussion. An advantage for a participating student is the
opportunity to reflect and carefully consider a posting before committing to it. There are
some potential hiccups for participants, however, which would hamper their involvement
in a discussion. These include a student’s feelings of rejection or worthlessness, and the
risk of cyber-bullying is ever-present. A study conducted on this issue demonstrated a
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significant correlation between success in a course and good performance in contributing
to online discussion forums. It should be noted that there is no clear evidence of forums
resulting in improved learning.
A few suggestions for hosting high quality online discussions follow:34
The Design and Development Phase
•
•
•
•
•

Create a general administration/instruction type thread.
Depending on class and course size, create at least two to four threads per week
that address key questions/issues being covered in class.
Ensure the discussions are evidence-based and promote critical thinking.
Clearly define the discussion requirements to the students.
Grade participation–typically 25% of the overall grade.

Rules of Involvement for Students
•
•
•
•
•

Read all contributions and commence posting comments within three days of the
topic initiation.
Respond to the original question posted with four significant contributions.
Present commentary backed by evidence, rather than anecdotes or views inspired
by intuitive feelings.
Apply course knowledge with a high degree of critical thinking.
Adhere to the rules of grammar and minimize the use of abbreviations.

Operational Phase35
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Provide a short introduction that gives some background to you as the facilitator
(two or three sentences).
Commence the postings with a sincere commentary to each and every student.
Respond within a day to all queries made to you.
Involve all students in the discussion concentrating particularly on those who are
“lurkers” or who are shy.
Deal immediately with the no-shows.
Manage the discussions unobtrusively, minimize poor contributions and praise
notable ones.
Keep the focus on the weekly topics.
Contribute substantively to discussions without impacting negatively on students.
Challenge students with their contributions and encourage deep critical thinking.
Help those students with poor language skills.
Grade discussions quickly, at the end of each week.
Manage administrative issues and other distractions in a timely fashion (e.g. noshows, lurkers, inappropriate behavior, plagiarism).
Limit your messages to a screen in length, focusing on the question or comment,
but avoid meaninglessly short posts.
Personalize your posting when responding to a person.
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•
•
•
•
•
•
•
4.5

Don’t generalize, be specific, objective and on-topic.
Use good references to back up your opinions.
Encourage responses to your comments by asking another open-ended questions.
Avoid capitalizing your words (or shouting).
Be professional and avoid personal attacks (or even hints of one). Focus on the
issues–not the individual.
Avoid humor/religion or sex-related comments.
Never share other postings outside the forum (without specific permission).
Authoring Tools

Online Learning Authoring Tools
When instructors consider authoring tools for self-paced online learning, they generally
request tools that allow for simplicity when updating content, user-friendly tools and
those which provide support for multiple output formats.36
The simple versions include Lectora and Adobe’s Dreamweaver, allowing for simple
page turning type courses. An LMS such as Blackboard can support these efforts too,
however, and their simplicity makes it difficult to create anything very effective.
Other popular authoring tools include Authorware, DazzlerMax, ReadyGo, Flash,
Camtasia and Captivate. Tools such as Authorware and Flash do require programming
skills and time to create useful courses.
There are a number of low-cost or free software tools particularly useful for creating
asynchronous presentations.37 Those that provide the best results are combinations of
Microsoft PowerPoint and ISpringFree (facilitating the easy conversion of PowerPoints
to flash movies which can then be embedded in presentations). They can also be used for
pre-lab, lectures and homework and exam solutions. Microsoft Expression, which is good
for screen capture when there is time, was used for software demonstrations. Other
packages that were tested but discarded included Panopto (it integrated multiple video
sources such as PowerPoint.pdf), and Camstudio (which captured screens and created .avi
files and flash).
Try to avoid multimedia applications that are accessed only with the installation of
special software, such as VPN clients. Ensure that any specific hardware requirements
(such as headsets or performance of PC) are defined well in advance of the course. Make
sure all web links are provided for ease of access to software that has to be installed.
Finally, stick to formats where the student can access and view the files on multiple
platforms (e.g. smartphones).
Common Tools for Online Software Engineering Courses
Development tools include SmoothDraw and Camtasia.38 SmoothDraw is a graphics
drawing tool (similar to Microsoft’s ubiquitous Paint program) allowing for natural
painting and digital free hand drawing. When integrated with Camtasia (a screen
capturing tool), it can be used for saving of contents in a variety of formats such as .wmv
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(Windows Media Video), .avi (Audio Video Interleave), .m4v (Podcasting, iPhones and
iTunes), .mp3 (for Audio only), .mp4 (audio/video), .gif (animation) and .mov
(QuickTime movies). Another useful tool for recording lectures is the Echo360 system,
which allows instructors to record audio and video and allows for easy access by
students.
Learning Software Packages (helped by Camtasia)
The Civil and Environmental Engineering Department at the Worcester Polytechnic
Institute produced 10-minute video tutorials to support a variety of different packages
such as ArcMap (a geographical Information package) and LS-DYNA/LSPrePost (Finite
Element Analysis package).39
Students are often required to learn specific (commercial) software packages during their
courses. It is difficult, however, to allocate sufficient time to do justice to them. Camtasia
Studio, a screen video-capturing program that records actions by the instructor on a
computer screen, was used here to provide a solution. Instructors were able to record live
presentations and save them in any video format.
In response, a course website and server-based data storage area was created to provide
online instruction, with example data sets for use in projects and assignments.
Smartpens
A novel approach, for a Heat Transfer course at the University of Central Oklahoma, was
to use play-pause-rewind technology. This allowed students to gradually work through
difficult problems in a systematic way after the classroom lecture had been concluded.40
The instructor used a smartpen (LivescribeTMEchoTM) to capture written notes (of a
difficult problem) on special grid paper, with a microphone to record audio. This was
then transferred to Adobe pdf format (supporting multimedia).
Delivery of a Core Course in Chemical Engineering
Students at the University of Washington’s College of Engineering often undertake work
("co-op") during their academic programs, during their summer vacations.41 As this
clashes with on-campus courses it results in the inevitable delay in their graduations, as
the students have to make up the lost time.
To surmount this problem the core units were created for off-campus use. The animations
were created using Flash. The multimedia-authoring tool, Authorware, was used to create
a high level of interactivity. A browser plug-in was required to run the program.
Dreamweaver was used to build the website to provide access to the content with an
interactive tool providing a threaded discussion board and email tool. The course was
broken down into 10 chapters (aligned with the textbook) with each chapter subdivided
into five to 10 lessons.
Screencasts
At the University of Colorado, Boulder, screencasts have been used to improve the
performance of students on chemistry courses.42 A screencast is a short recording from a
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Tablet PC screen with narration by the instructor. It can be stopped, rewound or fast
forwarded by the viewer. There have been many research studies commenting on the
improved performance using screencasts, as supplementary materials to the normal
lectures in class. Screencasts can be used to clarify difficult topics or problems, provide
explanations to homework or tests, facilitate exam review and provide simple tutorials for
software programs. Probably the most famous examples of screencasts have been those
prepared by the non-profit Khan Academy for math, science and business courses which
mainly target high school students.
The Camtasia software package (from Techsmith) has been used successfully for
preparation of screencasts especially as it allows for later editing and quality
improvements (such as the removal of audio crackles and pops). This is used in
conjunction with Windows Journal–an easy to use package that provides lined paper,
basic drawing and writing tools.
To achieve good quality screenshots it is best to commence with a clear goal, keep them
short (a maximum of 10 minutes), ensure all external distractions and noise are kept to a
minimum, speak naturally and openly and finally, proceed logically and simply through
the presentation. Later in the editing process, highlight the key sections.
Over 225 screencasts for chemical engineering courses are available on learncheme.com,
vimeo.com and iTunesU.
There are 2,000 visitors per month to the site learncheme.com and the screenshots were
accessed 16,000 times in the first eight months of making them available. Over 98% of
students at the University of Colorado found the screencasts useful or very useful.
4.6
Online Textbooks–Do They Work?
Since the late 1990s, the demands in the textbook publishing market have gone from a
simple textbook or guide to an instructor’s manual which includes 1,000 exam questions
and PowerPoint presentations for use in lectures, all packaged on a CD-ROM for easy
download. Instructors often prefer to construct their own textbooks from their own
articles and from materials contained online.43
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Figure 4.1: Examples of Interactive Textbooks
Despite rapid growth, little is known about the impact of online textbooks in engineering
education in terms of growth rates, satisfaction and actual learning outcomes 44, 45 A
digital textbook includes textbook content, homework questions and quizzes with
automatic grading and answers, multimedia content, videos, podcasts and interactive
simulations. Students find the online textbook an attractive proposition due to its much
lower cost, portability and reduced environmental footprint. This should be contrasted
with an eBook, which is simply an electronic version of a traditional paper book.
There is evidence that digital textbooks have been most effective in language, sociology
and science, but less effective in English, where it is taught as a second language, and in
mathematics.
Research with 220 students was conducted in the 2009/10 academic year at California
Polytechnic State University regarding the use of online textbooks with disappointing
results. It was focused on three undergraduate mechanical engineering courses:
Manufacturing Organization, Introduction to Thermodynamics and Mechanical Controls.
This research revealed that learning outcomes (as measured by pre- and post-course
assessments) were similar to that of printed textbooks. However, there were negative
impacts on the overall quality of the learning experience and students were not
particularly enthused with online textbooks. Irritations were evident in additional time to
complete assignments, precise numerical answers required (and an inability to be flexible
in taking a range of answers) and other varied technical problems. Other problems were
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incorrectly graded problems and poor navigation in the web page. Increased time was
experienced in completing assignments with an associated high degree of frustration.
The online textbook was thus not considered an effective learning tool by students. At
this stage, it was remarked that online textbooks are probably only suitable for courses
with a considerably lower level of technical complexity with less need for symbolic
solutions (which require specific formatting). Extensive support should be provided by
instructors to assist students in working with an online textbook and in checking for
technical difficulties. Other problems were limited information on correct procedures in
solving problems (as opposed to the answer).
The overall suggestion is that publishers have a considerable way to go to improve their
product and special attention will have to be given to technically complicated courses that
require highly specific formatted answers. More time and care is thus required from
instructors in supporting online textbooks.
There has been some speculation about the superior results achieved with interactive
textbooks with demonstrations of how the iPad and other tablets can replace boring and
outdated textbooks.46 In the case of the iPad, a free application is downloaded from the
Apple Store to operate the interactive textbooks which can be purchased from the iTunes
website for less than $15 each. These interactive textbooks provide video tutorials,
personalized instruction, scaffolding and help with homework as well as quizzes and
teaching resources. Other features are social networking with other students as well
highlighting text and seamless handing in of quizzes and homework.
Unfortunately, the economics here for high school students won’t quite stack up once the
cost of the tablet ($500+ for an iPad, $200 for a smaller Google Nexus, etc.) and the life
time of a school textbook (5 years) is taken into account. However, with college students
with a more expensive range of textbooks required this might be a different situation.
Pilot studies (conducted inevitably by the publishers) showed dramatically better results
from students who used interactive textbooks compared to simply paper-based textbooks
(Amelia Earhart Middle School in California). However, the statistical validity of these
studies is debatable.
However, at the end of the day, no matter how interactive the textbook is, the student still
needs to be motivated to learn with considerable self-discipline required if she is on her
own. And, hands-on labs with real equipment, is another essential ingredient in
cementing the understanding.
Care has to be taken about disconnection between learning contents of a course and the
problem-solving activities.47 Often current book publisher’s (online) homework systems
are not particularly intuitive and a source of frustration to students as they need
immediate additional assistance. Care has to be taken for technical problems occurring
for tests set up in Blackboard (especially formulas requiring precise answers).
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Currently, apart from fluid mechanics and electrical circuit analysis (which is tied to a
particular textbook) online homework offerings for engineering college courses have
been minimal.48 Sapling Learning developed a series of online homework questions for
chemical engineering (Material and Energy balances) to fill the paucity of new questions
in this area and to ease the often severe grading workload. Each homework question was
broken up into smaller parts with individual hints, with a complete solution provided if
the student gives up or has achieved the correct answer. A tutorial approach was also
provided, giving the learner new, simpler questions to walk them through smaller steps, if
the initial solutions were incorrect. Research done at the Colorado School of Mines
showed that working with these online homework questions improved the final grade
compared to those students who didn’t undertake this.
However, it was found that creating online homework questions was not financially
viable due to the high level of cost to create the questions. It was suggested that an
approach would be to get faculty to collaborate in creating the necessary questions using
the software system created by Sapling Learning.
4.7
Video
The use of video is a key part of asynchronous courses, and various aspects of it will be
discussed below.
Video and Audio Streaming
Streaming media refers to streaming video with audio. Three programs to stream media
are QuickTime, RealMedia and Windows Media.49 One of the most important reasons for
using media streaming is the increased time spent by the viewer on site and improved
content retention, as compared to that from a website without this facility. Research
indicated that the viewer’s time on a website could be doubled using streaming media.
Suggestions for improvements in the creation of streaming media, based on work done at
Arizona State University, included ensuring that the university administration was
supportive especially across the various departments that had to work together in creating
streaming videos and to provide adequate staff training in the process and technologies of
creating streaming media.
Liven It Up with an Amusing Video
Students tend to be focused on an analytical viewpoint rather than physical intuition
about an engineering system.50 A suggested approach (as outlined on the Moveit site) is
to open with an interesting YouTube video of a real-life dynamic problem (e.g. a caber
throw), followed by an idealized model of the dynamic scenario, a break down into
phases, a simulation showing one approach to a final presentation. At this point they are
required to create their own simulation using a programming language such as
MATLAB. Comprehensive support during office hours and discussions were also
provided to get them through the initial angst, which many students had of trying to
model real world problems. The end result is that mastery is achieved by simply doing
the work and having the necessary support.
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Does Video help with Online Education?
A word of caution to those who believe video is a quick solution to the lack of a good
instructor: It doesn’t always work as evidenced in the following example. In an online
educational statistics course, a comparison was made between those students who were
provided with seventeen video tutorials created using Camtasia with an average length of
14 minutes.51 There was no statistical difference in academic performance between those
who had access to the videos and those who didn’t.
Short Engineering Videos
Short electrical engineering videos were produced at the State University of Campinas in
Brazil. Each was about 5 minutes, 15 frames per second (320 x 240 pixels) and requiring
150Kbps broadband connection using a camcorder.52 Video editing was done through
Windows Movie Maker. The movies were complemented with circuit schematics,
diagrams, and formulas before and after the theme addressed on video. Topics ranged
from voltage current phase relationships, root mean square concepts to starting of an
induction motor. These videos were placed up on YouTube and were well received by
both students and practitioners in industry with the claim made that improved grades
resulted.
Recording of Chalkboard Notes in Video
One of the challenges is recording chalkboard notes in video format and hearing the
lecture with reasonable quality.53 The Abdus Salam International Centre for Theoretical
Physics in Italy has developed a system (called Enhance your Audience or EyA) to
capture video and audio with a webcam and USB microphone fixed on the wall as well as
take photos every 15 seconds. A QuickTime synchronization track is added to the movie
file thus providing a synchronization between the images and the movie.
Pre-recorded Lectures
A portion of the lectures was replaced with pre-recorded video at California Polytechnic
State University and the time used to undertake problem solving work during class.54 An
anonymous survey of students indicated strong support for this change. There was some
uncertainty as to whether this would translate into improved achievements and whether
the students would actually watch all the videos (and thus lose out on a significant benefit
in the theory work). There was some loss of ability to ask questions in the class with a
normal lecture, but it was felt that most students didn’t pose questions.
4.8
Activities that Add Value
Although the focus of this book is on the synchronous experience, we do emphasize the
need for a blended approach to derive an effective learning outcome, so there is always an
asynchronous slant to even what appears to be a synchronous presentation.55 The
following is a list of some great ideas for asynchronous presentations.
Reflections
Assign someone from the group who can initiate an asynchronous discussion that
everyone in the group can contribute to. At the end of the week, the instructor will then
wrap up and pull the various threads together.
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Web Exploring
Get students to contribute with a list of web links pertaining to a particular discussion
point. Each web link should be ranked and a short description placed next to it. This can
be done within a synchronous session as well where one learner takes the entire class on a
web tour.
Field Experiences
Get students to observe specific field activities and comment on them relating to the
material covered in the class. Instructors can then post comments to these field activities.
Case Learning
Place a number of case studies up on the web and get the students to comment on them
either asynchronously or synchronously. Alternatively, get the students to post their case
studies up and invite comments on these.
Buddy-aid
Give everyone a partner and get them to (privately) critique each other’s work and
provide general support such as session times / review of assignments / self tests.
Obviously, avoid shared work being submitted unless actually requested.
Task Choice
Get the students involved in selecting from a list of discussion topics and articles to read,
provided by their instructor for the class to undertake as an activity.
Anonymous Suggestion Box
Get students to post suggestions anonymously about the course or improvements or other
modifications. The instructor reflects on these and provides a general response to all the
students.
Scavenger Hunts
Get students to search for specific resources and to create a portfolio of resources on a
topic. Make these available to all the class and give a prize to the student who achieves
the best.
Simulations
Get each student to conduct experiments with simulation software supplied. For example,
conduct a process control experiment using the simulation software and get students to
provide feedback to everyone in the class.
Videos
Get students to put together a project comprising a paper, PowerPoints and supporting
video that they have created. Show the entire class each student’s submissions or the best
submissions.
Online Portfolios of Work
Get students to post the work they have done in an online gallery for everyone to view.
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Reflective Writing
Students create an online blog or journal based on lectures / videos / readings and field
activities. Instructors and peers provide feedback to this blog.
Online Debates
Set up teams of students to debate an issue probably through a synchronous session but
an asynchronous session may also be possible.
Learning Analytics
It is probably not entirely appropriate to find this topic in this area but it does provide an
enormous opportunity to improve a course.56
Learning analytics represents a fast growing opportunity in improving delivery of
courses, counseling of students and modifying course content in mining the enormous
amount of data generated by the learning management systems. Use of analytics could be
used for example, to use data on results in an initial course to predict the level of success
in a more advanced course.
4.9
Best Practice Course Design Principles
Recent research with engineering faculty using distance learning indicated clearly that
physical meetings of the class body are not a necessary component for an asynchronous
course.57 The 36% who did use such face-to-face meetings indicated that they were,
“somewhat satisfied” with the experience. Interestingly enough, 88% of the survey
respondents did not use other synchronous tools such as real-time videoconferencing
Besides the most popular course tools being the obvious ones such as email / the web /
chat rooms, digitized lectures and online lab modules and simulations were also
commonly employed. However, collaborative student assignments were used by 76% of
the respondents and regarded as useful.
Suggestions for Online Courses
A summary of online (mainly asynchronous) best practices, derived from numerous
sources, are summarized below.58
Course Design and Delivery
• Consistency between different course modules is vital to improve quicker learning
and satisfaction with new materials without having to learn new structures. A
common approach should be built into the institution’s standards.
• Building courses on the run whilst teaching them should be avoided; everything
should be ready to roll when the instructing commences.
• Focus on the student learning (guide-from-the-side) rather than teaching (sage-onthe-stage).
• Navigation around courses should be easy and obvious. Minimize the number of
hypertext links on a page, as this can add to confusion.
• Maximize the amount of time on discussion and interaction, as this is where
students believe they learn a lot.
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•
•

•
•
•

•
•
•

•

•
•
•
•

Although, it can be a very useful learning experience, bear in mind that students
generally don’t regard collaborative group work as a positive learning experience.
Align the time commitments of the course to evaluation outcomes (e.g. if lab
work takes 30% of the time for a specific module, it should count towards 30% of
the grade).
Keep the course refreshed and seemingly new as an instructor, by posting
something new every few days.
Eliminate any incorrect postings or empty documents in the course.
Strive to build up an online community early in the course by using a non-graded
icebreaker session. This also helps familiarize everyone with the necessary tools
and build up confidence in going on line.
Try and automate testing and feedback where possible to enhance immediacy and
effectiveness. Self-testing is a useful feature.
Courses that encourage teamwork and collaboration and minimize discussion
from students can be the most successful.
Quick, timely and constructive feedback improves student satisfaction
significantly. At the commencement of the course, define the parameters to ensure
instructor and student expectations are managed.
When chatting online, avoid attempting to respond to every student’s comment
but try and activate the students to keep the discussions going with one student
summarizing sessions, and others leading sessions or clarifying points.
Devise tracking mechanisms to reward reading as well as responding to messages
in discussion forums.
Develop both divergent thinking (e.g. open ended questions) and convergent
thinking (e.g. assignments, tutorials, small groups and self testing).
Define clear and simple grading rubrics for participation which are then circulated
to all.
Use spoken explanations (in conversational language rather than lecturing) of
animations (e.g. in PowerPoint slides) rather than simply using text. Ensure this is
matched to the student’s optimal pace.

Student Services
• Introduce students to the course providing a warm welcome, specific contact
information, structure and operation of the course as well as assessment and
evaluation procedures.
• Maximize the opportunities for students and instructors to meet each other at the
commencement of the course. This will optimize the active learning process.
• Build in a student services area allowing for ad hoc discussions and easy access to
college policy, procedures and details of the various programs offered. Build in a
single point of contact for every 200 students. Student support should never be
neglected in favor of course development and operation.
• Ensure human tutors are available with quick appropriate responses to the queries.
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Administration
• Ensure strong quality control procedures and policies providing strong
consistency across all offerings.
• All staff should be trained in processes of online course creation.
• Exemplars of outstanding online courses should be used as reference points for
construction of new courses.
• Use external independent reviewers to examine generation of new courses as well
as operation of the online courses.
• Instructors should see online courses more for active learning through
communication and collaboration rather than simply as passive storage areas of
content.
• Construct courses with a variety of resources from PowerPoint slides to reading
materials. (text, case studies and journals).
• Avoid excessive multimedia in presentations; focus on simplicity that provides
effective learning. Be cautious about bandwidth demands especially with use of
video.
• Keep online classes compact; typical numbers suggested are around 25 students.
• Remember that course development for the online environment takes substantially
more time than for traditional courses.
• Judiciously increase the amount of assessment and evaluation done online to
minimize instructor time in marking scripts and in expanding the time in
interacting with students.
An Instructor’s Perspective on Optimizing Asynchronous Distance Learning
Distance learning's objectives are still no different to any other form of learning.59, 60 A
few suggestions from the perspective of the instructor for creating and running an
effective distance learning experience are presented below:
•

•

•

The instructor should identify the body of knowledge on which the course is built
and define from the outset what the learning objectives are, and also assess the
grey areas of the course; those which are contentious, and which the students can
be challenged to think about, assess and debate. Put as much information up and
clarify difficult issues on the course management system for students to view.
It is important to obtain one textbook which covers the foundation body of
knowledge thoroughly and which is closely aligned to the course sequence and
which the student can easily read (although accessing an online textbook through
an electronic tablet may change this approach). Meaningful class participation
comprises 30% to 40% of the overall grade. Although time consuming for the
instructor, individual feedback at the end of each week to the student is vital. This
is where they learn about their participation mark for the week with other
comments about their performance.
A structured presentation sequence for delivering the course topics should be
clearly defined to the students. The foundations of the body of knowledge should
be supplemented with instructor-led exercises, which are experiential and which
deal with the grey or ambiguous areas of the course.
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•

•

•
•

•
•
•

Individual course modules should coherently fit into the overall course structure
with no overlap and each component of a module should smoothly lead on from
the previous one based on the overall module learning goals.
Activities such as case studies, games, simulations, assignments and research
work need to be added to the mix. Group assignments can be particularly
successful in the online environment.
Ensure that you carefully track all course document changes on your PC and
update the course management system meticulously and logically.
Endeavour to open up the course details to all students as early as possible–even
up to six weeks before commencement to let everyone view the structure and
operational details.
Communicate personal (e.g. family problems and illness) and operational issues
(e.g. travelling) to students with an astonishing level of frankness.
Aim higher than students expect with responses to queries and marking of
assignments.
Finally, testing is important to demonstrate that the student has mastered the
course materials.

The concluding point made is that the most productive activities are participation in
classroom discussions, weekly feedback from the instructor and team assignments.
Multimedia Design Principles
Cognitive Load
We’ve all had experiences with cognitive (over)load.61 You can probably remember a
slide presentation you attended with tightly written text using multi-colored varying sized
fonts, confusing graphics (often with no connection to the text), audios and animations all
hammering away simultaneously.
Research has shown that the human brain can have two different channels to process
verbal and visual input; but with a limited capacity attached to each channel. The learning
process does however require a significant amount of cognitive processing in both verbal
and visual channels.
A few suggestions to keep the cognitive load to what the learner can process:
•
•
•

If there is too much visual information (e.g. graphics and text), give some
consideration to moving some components to audio.
If the content is too intensive and complex, try breaking it up into smaller chunks
(perhaps under control of the learner).
Ensure that relevant text, graphics and animation / videos are all tightly linked to
each other (e.g. text describing a diagram with both on different pages).
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Suggestions for Good Graphic and User Interface Design for Online Learning
There are some simple and common sense rules for good graphic and user interface
design listed below.62 These are often ignored in favor of a more glitzy and complex
approach, resulting in a more deleterious user experience.
Graphics and Pictures
•

•
•
•
•
•

•

Ensure that graphics and photographs actually help with the learning process and
are relevant. Simplified sketches or graphics are preferred to full-on realistic
pictures.
Animations need to add real value to the learning experience and should not be
simply flashing lights and jumping graphics.
Test your graphics and animations on a test audience to find out the true learning
that occurs.
Keep the structure simple with no extraneous glitzy detail.
Use bold colors and creative approaches to your graphics.
Bear in mind that almost 1 in 10 males and 0.5% of females are color blind
(particularly green and red), so avoid using colors for key learning points (e.g. do
not say “click the red button” but “click the next button”).
Well-chosen thoughtful graphics are generally preferable to bulleted text.

Text
•

•
•

•

For print stick to serif typefaces as these strings of text make it easier for the brain
to interpret. A point size of 13 point and above is preferred to ensure all learners
can easily read the text.
Avoid placing your text against a busy background as it makes it hard to
comprehend and read.
Avoid screeds of text. Think like the learner in terms of ability to read large
chunks of text by breaking it up with bullets (but with a maximum of six bullets
per screen with six words per bullet) and graphics.
Align graphics with your text.

Formatting
•
•

Consistent formatting is critical to the entire piece. This requires consistent colors,
spacing of letters (or kerning), padding and line spacing.
Use the PowerPoint master facility to ensure that your formatting, layout and
fonts are consistent across all slides.

Miscellaneous
•
•

Place your work in the real working world in terms of context–not fantasy worlds.
Ensure it comes across as authentic.
Your ability to create a mental model is limited to five to seven items before you
are overwhelmed. Ensure your visualization is kept below this density.
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•
•
•
•

Ensure novices are able to use restricted navigation but more sophisticated
(knowledgeable) users can have more extensive navigational controls.
Ensure that all navigation is intuitive and easy to use.
Narrate a video or animation sequence rather than using onscreen text to present
an explanation.
Other findings were that elements such as video or online quizzes did not
influence the amount students learn in online classes.63 Hence, adding more media
into an online application does not contribute an additional amount to learning. It
was also found that providing online quizzes does not seem to be more effective
than simply providing homework.

Recommended Multimedia Design Principles
When creating a multimedia learning tool, the following principles optimize the learning
outcomes for a student.64 These include:
•
•
•
•
•
•
•
•
•

Use spoken explanations rather than only text.
Keep words and pictures together rather than presented in a serial form.
Words and pictures presented together are more powerful than as individual
elements.
Do not lecture but chat in a conversational style when presenting materials.
Eliminate extraneous detail and fluff (e.g. videos, graphics and text) and focus on
the core elements to transfer knowledge.
When narrating an animation it is confusing (and unnecessary) to add text as well
(unless there are issues with comprehension of language).
Clearly define the objectives and overall structure of the presentation at the
commencement.
Use signaling to indicate what is important to focus on within a multimedia
demonstration.
The learner should be able to maintain control over his pace of learning in a
presentation.

A powerful way of getting one’s message across is to use video and graphics. People
absorb concepts much quicker through the use of video and graphics than through text.
This is why it is odd that text is used so extensively. This is probably due to text being
easier to create than graphics or even a video. It’s even more powerful to have the short
video clip available on demand when the learner requires it to understand how to deal
with a problem.65
How Much Narration is Required for an Online Course?
Some recent research noted that the students do not want an entire course to be narrated.66
It was also considered irritating having text on the screen read to them word-for-word.
There should be the facility to turn audio off or on. Very few students felt that
professional voice talent was required in the narration, as long as the voice wasn't
irritating to listen to. Whilst a special Digital Audio Workstation is probably not
warranted, it is still essential to have a good quality microphone and filter to eliminate
pops and other extraneous sources of irritating noise.
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Enhancing Recordings of Lectures
A popular way of retaining live lectures and creating online learning materials quickly is
to record lectures (including slides / audio / video / notes etc.). However, an ongoing
challenge with lecture recordings is the distinct lack of interactivity for learners apart
from navigating and searching through the materials.67 There are no built-in quizzes to
liven the interactivity up and indeed, no way of interacting with other learners. A
suggested approach was to provide collaborative annotations to the lecture recordings
thus promoting online discussion of the materials. When learners want to annotate a slide,
they simply scroll to where they want to add a note, click on the spot and add in the
duration for visibility to other learners (as this is a recording) and delineate the scope as
being public (everyone can view), private (only the learner annotating can view) and
group. These live lecture notes together with annotations can all be viewed online.
How Much Instruction is Enough?
The inevitable question always is how much instruction to students is sufficient?68 People
are successful in a distance learning environment when they are internally motivated with
self-esteem, a need to study and achieve, and the feeling of control of their learning.
Research notes that distance learning students need large doses of support, guidance,
instruction and feedback to succeed. An oft-quoted concern is that distance learning
doesn’t provide sufficient depth in learning. This concept of, “deep learning” is defined
as learning that achieves a sufficient depth of absorption of knowledge to allow the
student to effectively apply higher order skills such as analysis and evaluation. Probably
expected, but the research (conducted on a sample of 80 participants) revealed that a
student’s level of comprehension is directly related to the amount of instruction.
Use of Asynchronous Audio Communications
In communicating online, students often feel that there is a lack of connectivity.69 There
is a correlation between the interaction with an instructor and an online learner’s sense of
satisfaction and performance. This interaction is often through the type and frequency of
feedback on assignments and course material. The instructors recorded audio either
through stand alone MP3 audio files or embedded this feedback in Adobe PDF files
(using Adobe Professional) and surveyed the 156 graduate students as to their reaction to
this facility.
Students indicated that they preferred to receive a blend of both audio and text-based
feedback. It also helped to increase the students’ feelings of instructor presence,
improved their perceived understanding of the course and kept up their course
engagement.
4.10

Applications

Smaller Online Classes but in Line with the MOOC Trajectory
Ten prominent universities (including Duke, the University of North Carolina and
Northwestern) have formed a consortium called Semester Online and are offering 30
online courses to their students and to others (who would have to apply and will have fees
of $4,000 per course).70 These will be offered asynchronously through the educational

140

platform 2U (formerly 2tor) where a smaller synchronous offering will provide a closer
more interactive relationship between students and instructor. The consortium is also
enthused with the idea of widening their range of courses.
Rochester Institute of Technology’s Experiences with Online Technologies
Rochester Institute of Technology (RIT) has had significant experience with the online
(mainly asynchronous) and blended paradigms since the early 90s and some of their
experiences were as follows:71
Technology issues (such as incompatible versions of software) can be a course-killer and
this is best dealt with by the students testing their equipment and software out before the
course commences.
Students who have had no exposure to online learning need to be treated carefully for the
first week to ensure that they start off correctly on the “right foot”. A specific forum
should be set up to assist students with general aspects of an online course. Another
forum should allow anonymous feedback on irritating aspects of the course without
compromising the student’s identity.
RIT have deaf and hard of hearing students as part of their student population (part of the
National Technical Institute for the Deaf) and care has to be taken to allow them to
participate fully in asynchronous activities thus meaning that either captioning has to be
provided for audio sessions (such as using Adobe Connect) or to reduce one’s reliance on
audio.
Discussions are normally required (e.g. three posts per week within two days of a new
lecture) but it is often difficult to get full student participation.
Students can often inundate instructors (via email and texting) with common questions on
the material and it thus vital to capture these interchanges in a common public area.
A few other useful elements are a personal blog, say with a few postings a week, and only
accessible by the instructor. A current affairs forum–not directly related to the course–can
be useful. Finally, a team forum that can give some indication of team activities, can help
in tracking individual team members’ contributions. A syllabus confirmation forum,
where students confirm that they understand the syllabus, can be useful in case of later
problems. A frequently-asked questions forum can defuse some of the day-to-day
“common-garden” questions. Although this has been a rather glib summary of possible
forums; before any implementation a careful assessment should be made that they will
actually be used.
Online NMR Spectroscopy Course
Nuclear Magnetic Resonance (NMR) spectroscopy is a tough course to understand
concepts which are drawn from maths, physics and chemistry.72 An interactive online
course was designed with interactive exercises, assignments and games. It would appear
that students who used the online course as a supplement to their classroom sessions
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improved their grades. However, it was unsure whether this was simply due to the
additional time spent by students studying materials.
Technological Aspects of Online Learning
A survey was conducted with almost 5,000 students from 125 institutions to study
technological aspects of online learning.73 Almost half had never taken an online class
(and thus there is a question mark over any responses from this group relating to online
tools). Most students (74%) possessed broadband communication. The most popular
LMS is Blackboard and WebCT (now a combined company) with a total take-up of
almost 90%.
The most common tool was inevitably, email, followed by drop boxes in the LMS.
Asynchronous (mainly text-based) technologies were the most common with the use of
synchronous communications such as telephone, chat rooms and instant messaging the
least used. However, students felt that learning effectiveness would be improved by the
use of real-time and direct technologies such as instant messaging, live video and
audioconferencing and telephone communications with the instructor.
Survey for Elements Driving Student Satisfaction
A survey was conducted of Steven Institute of Technology students taking courses
through their Webcampus program in the Department of Systems Engineering and
Engineering Management.74 The majority of the students were full-time working
professionals with a strong focus on applying their knowledge learned directly to their
work. 379 of the 483 students who took these courses over the period Fall 2005 to Fall
2006 responded.
The most valued components of the online classroom were a high degree of faculty
participation in the online course content discussions (well beyond simply answering
questions and giving feedback), detailed feedback to students on at least a weekly basis
for assignments and individual or team progress; automated online quizzes which could
be used repetitively and finally, audio lectures with lecture notes. There was no
significant correlation between student satisfaction and the use of web conferencing in a
course.
Conversion to Asynchronous Online Course
At Binghamton University (part of the State University of New York system), an oncampus lab-based introductory circuits course was converted to an online format.75 Each
module was self-contained with a short lecture, followed by a series of advanced
examples integrated with homework, finished with a lab experiment and then a quiz.
Support for the student comprised additional reading and forums (asynchronous) and a
whiteboard (synchronous).
Some of the lessons learned from the conversion process and which were used to build a
revised online course were the following:
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•

•
•
•
•
•
•
•

•

Keep recorded lectures short; a maximum of 20 minutes and of high audio and
video quality with plenty of worked examples and minimal use of multimedia.
De-emphasize the lecture as the central element of the course with a focus on
examples and experiments.
Ensure clear guidelines are provided at the outset of the course as to how the
course will operate.
Ensure tight co-ordination between lectures, homework and lab work.
Increase reusability of content.
Give students small specific sections of text to read rather than gigantic
discourses.
Keep lectures short and simple.
Build in quizzes which can be taken numerous times and which count towards
grades after each module.
The experiments were converted from five long labs to ten to fifteen short shorter
concept based labs (with a description on one page) that were thus quicker to go
through.
Use both synchronous and asynchronous methods of communication.

The Blackboard LMS was replaced with Moodle as there were some concerns with the
quality of the discussion forum software. The experimental kit was challenging in
keeping costs reasonable but giving a realistic experience and a computer sound card was
used as an oscilloscope as well as signal generator (with the Osilloscope software from
Christian Zeinitz) with breadboard, batteries and electronic components. There were
problems experienced with exam distribution and a quiz and project based approach was
taken for assessment. The online model (as used in the 2011 course) resulted in improved
performance of the more capable students but higher attrition rates for the less capable
students. In conclusion, the online students scored the same or better than the traditional
classroom-based students in the concept inventory tests.
Comparison Between Asynchronous Online and On-Campus Graduate Level
Students
A comparison was made between graduate level engineering students at the University of
Michigan-Dearborn College of Engineering and Computer Science–one group who
undertook the study asynchronously and the other through the traditional on-campus
method.76 There was a total attendance of 150 graduate students (with 32% doing the
courses online) on both courses. Great efforts were made to ensure both groups were
treated exactly the same especially in terms of the student application process and
instructional activities. A dedicated website was created (presumably with associated
LMS) and all lectures were recorded and distributed via streaming videos within a day of
being presented. Instructors made themselves available for flexible, “virtual office hours”
for the asynchronous students. In an assessment of students’ performance, both groups of
students performed similarly, although it was noted that the spread of results was greater
for the asynchronous students. A lower level of self-discipline and time management of
the asynchronous students impacted on their performance (presumably because of their
greater time pressures and other stresses). The instructors had to spend more time with
the asynchronous students than with the on-campus students.
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Additional Online Materials Work
At the University of Sydney Medical Program, research showed that access to additional
online materials (such as a video of the instructor presenting in the classroom) is a
valuable resource for the self-directed learner with more active learning on the part of the
student.77 It was suggested that an additional valuable supplement to online videos would
be interactive links and quizzes to the slides allowing for self-evaluation on the part of the
students. It would also be useful to include lecture recordings from previous years to be
placed next to the current recordings to provide more materials for the student.
MOOCs
Massive Online Open Courses are a fast growing trend and are mainly undertaken in an
asynchronous format.78
The structure and operation of MOOCs vary and are based around Learning Management
Systems (e.g. Moodle), online groups such as Google and related platforms such as blogs,
wikis, twitter and LinkedIn social or business networking tools. The emphasis is on selfdirected learning and being proactive in the learning process.
A survey conducted by The Chronicl of Higher Education sent out to 184 lecturers who
taught MOOCs came up with a few pointers on their operation.79 The main motivation for
creating and running with them was an altruistic desire to increase access to higher
education. The other one was professional motivation to extend one’s reach by a few
order of magnitude (and thus to increase visibility).
Typically, a lecturer spent over 100 hours on creating a MOOC (recording videos /
creating reading materials and quizzes) and eight to ten hours per week on course
maintenance when it was operational. The average pass rate was about 7.5%. Most felt
that MOOCs would drive down the overall cost of university education but most (72%)
felt that their students should not get credit at their institution.
The associated discussion forum indicated the following:
•
•
•
•
•

•

MOOCs are well thought out, professionally designed courses with some real
time interaction with peer students assisting each other.
The lack of interaction (and large class size) made the MOOC a weak form of
distance education compared to the other online models.
When a large number of students (some suggest a huge 95%) are not selfmotivated, MOOCs are difficult for most to complete.
Highly regarded star professors (from prestigious and exclusive institutions) have
helped in the massive sign-ups to the MOOCs.
MOOCs are very good for continuing education, but very poor for a person who is
going to build their employment proposition on attendance and completion of
MOOCs.
MOOCs are a natural development from textbooks (perhaps they can be referred
to as talking textbooks).

144

•
•
•
•

MOOCs will provide more credibility to online education and whet the appetite
for more, thus expanding the overall higher education “cake”.
The formalized approach of MOOCs (with rigid timelines) makes it more
successful than the self study approach.
Most people would prefer a bricks-and-mortar approach but when one is working
with a family, the online model is considerably more appealing.
Proctoring (to minimize cheating) of online courses is a key to a long term
success and acceptance of MOOCs.

Some suggestions before commencing a MOOC are to review the course outline,
structure and time requirements to ensure it is for you. You may elect to only do portions
of it.
During the MOOC, show courtesy by introducing yourself and your experience and
expertise. It is important to participate to maximize the learning experience. Simply
reading course and reference materials (either directly provided or suggested) are not
enough and interaction with others is a key to success. Posting a comment about the
readings is a key activity (after taking care not to simply create a new thread before
checking).
An important consideration about MOOCs is that there are no classical instructors, as
such. Courses are facilitated, often by other participants. In particularly large courses, it is
unlikely that facilitators will answer all questions. On that note, it is likely that
participants will be subjected to information overload and will have to be selective about
what they read.
One should remember that even when the official MOOC has finished, there is still the
opportunity to continue dialogue with the various groups that have formed.
Online Course in Statics at Roger Williams University
An existing face-to-face course comprising 28 lessons was divided into 10 units built
around course content.80 Each unit had videos, assigned readings from a textbook and a
homework assignment. For every three lessons, there was an examination to test the
knowledge of the students as videos of the lessons were not considered adequate on their
own. A tablet and recording software (Microsoft One-Note) was used to break each
lesson up into 15-20 minutes chunks of 10MByte MP4 files. Access to the instructor was
provided through synchronous virtual office hours using Elluminate web conferencing
software and supplemented with face-to-face office hours during the normal semester.
This particular course was more successful during the course intermission (vacation)
times as the students had fewer other competing courses to focus on.
The advantages of online delivery were simply flexibility in scheduling, students’ ability
to work at their own pace and the wide variety of technologies in creating videos and
resources. The disadvantages were that a high level of ongoing motivation was required,
more up-front work was required from the instructor and there was minimal studentinstructor contact.
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The average grades for both online and traditional classroom sessions for the course were
similar (although a direct comparison was somewhat flawed as the students self-selected
into online or face-to-face sessions).
Don’t Bother About Technology
An interesting suggestion, backed up by a student survey, is to minimize use of
technology in presenting asynchronous courses for a lecturer converting from
successfully presenting economics courses in a classroom format to online mode at
California State University (East Bay).81 Readings and a weekly commentary were posted
on the Blackboard LMS. Participation in the discussion board was not made mandatory.
These were supplemented with 40 to 50 study questions, with an assignment drawing
randomly from 20 or so of the study questions. Each assignment (forming a significant
part of the final grade) was posted on Thursday morning and was due back by Saturday
evening at 10pm. Students were given three attempts to complete the assignment, with a
random draw of questions for each one and the last one graded. A student survey to
approximately 60 students confirmed that PowerPoint and audio / visual lectures were not
preferred, with the former being rejected by 85% and the latter 80%. There was some
peevish commentary about ongoing technical problems with Blackboard and the need to
enhance the technical support that was considered very weak and extraordinarily slow to
respond.
Just In Time Teaching
The Just in Time Teaching (JITT) technique is used to improve the understanding of a
lecture and increase interaction between student and instructor by adding in quizzes
immediately before a (face-to-face) lecture commences.82
It was successfully applied at Humboldt State University for an engineering course on
Introduction to Environmental Resources Engineering. Once a week, students were
required to complete online quizzes on the Blackboard LMS, at least an hour before the
lecture commenced. The quiz comprised at least two or three short questions (calculation
and conceptual questions) and a feedback box on the course progress.
The benefits with this approach were increased student confidence, improved class
discussion / interaction and increased immediate refocusing on the student’s real needs in
the lecture. The disadvantages were dependence on internet reliability, repeated student
attempts at the multiple choice questions resulting in eventual success without any
learning, additional instructor stress with quick changes to the lectures required, increased
preparation time for instructors and students and designing thought-provoking and useful
quiz questions.
There is evidence that the JITT approach improved attendance and reduced attrition. In
this particular course (in 2002), an average of 86% of students completed the quizzes
over the semester with over 90% declaring this a useful innovation.
Although the focus has been on classroom sessions, there is no reason this approach
couldn’t be applied before an online web conferencing session.
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Online Tutoring Applications
A proposed electronic tutoring system, called the Intelligent Interactive Tutoring System,
was put together at Temple University to complement a human tutor.83 This tutor was
web-based, interactive and could be configured by the instructor. The system was written
in Java and used the MySQL database. The concept was that as the student worked
through a problem, the tutoring software provided prompts for each stage. Once the
solution provided matches for a particular stage, the student could move onto the next
stage. The tutor recorded mistakes, which the instructor used later to help the student.
An effective use of an online tutor was noted at the University of Western Sydney with
support for a blended learning unit entitled Introduction to Psychology of Health with
over 750 students across three campuses.84 The tutor supported students in an
asynchronous discussion forum; providing not only the standard question and answer
service but also active teaching and helping students with learning (but not simply
providing answers). Four important practices for successful online tutoring were
considered to be:
•
•
•
•

Respecting and valuing students for their backgrounds.
Timeliness in responding quickly and effectively to students.
Providing positive support and encouragement.
Driving a culture of independence in a student's work.

The tutor seems to be effectively used with 1,000 requests in the first week and almost
20,000 requests in the second week immediately before submission of an assignment. In a
survey, over 62% of the students indicated that the online tutor was essential to their
study.
A computer aided learning program called CALMAT was developed by Jean Cook and
colleagues at Glasgow Caledonian University to deliver the first year maths course online
with a tutor.85 The course was an initial teacher education program to produce teachers of
technology for Scottish Schools. Software is used to deliver the curriculum and assess
students’ knowledge at the end. Staff workload has been significantly reduced as they no
longer lecture or assess. Students like doing it this way as it is paced to their needs and
they can attempt the tests when they feel ready. Retention rates (especially for class sizes
of 50+) have been improved and are similar to those of small groups. One of the
disadvantages is that students can take too long over preparing for the assignments.
A multimedia tutorial on how to use a digital storage oscilloscope with a function
generator was constructed at Edith Cowan University for first year engineering
students.86 It was found to be of significant benefit to students as compared to only
having a worksheet detailing how to use it. It also significantly reduced the burden on the
lab demonstrators.
An intelligent tutoring system was developed at Texas A&M University, College Station
for PLCs.87 This was web-based using Visual Basic, a Microsoft Access database, and
Macromedia Flash. The database stored the domain-specific knowledge and areas where
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the student had difficulties with questions from the tutor (referred to as misconceptions).
A series of questions is posed to the student with three answers–correct, incorrect or no
answer. Explanatory feedback was provided for questions answered incorrectly. When
there were no more misconceptions or unknown facts, the tutor ceased asking questions.
An analysis of student knowledge, indicated that this tutor helped to improve scores.
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Key Points and Applications
Chapter 4
The following are the key points and applications from this chapter entitled: Key
Elements of Asynchronous Online Learning.
1. This is the most commonly used format for online courses.
2. A Learning Management System (LMS) has a number of features: such as
communication tools (e.g. discussion forums, internal emails, whiteboard),
productivity tools (e.g. calendar and bookmarks), student involvement tools (e.g.
group work), course delivery tools (e.g. course management and testing), course
development tools, and administration and assessment tools.
3. About 80% of organisations implementing LMSs are dissatisfied with the result.
A few suggestions for a successful implementation include:
• Clearly define what you want to achieve with the LMS.
• Detail the technology requirements.
• Define the administrative requirements (e.g. with people).
• Assess the content requirements–either in-house or purchased.
• Market the LMS but provide training.
4. Discussion forums should be:
• Tightly integrated with other aspects of the course such as
content/objectives/labs.
• Encouraging of divergent thinking (open ended).
• Run with a threaded approach, which is preferred over the time
chronological one.
• Moderated by someone who contributes judiciously to discussions.
• Set up so that 10% of the total assessment is allocated to discussions
forums.
5. A few suggestions on design of discussion forums include:
• Create a general administration thread.
• Create at least 2 to 4 new threads per week
• Place emphasis on evidence-based and promotion of critical thinking.
• Ensure students read all contributions within 3 days of topic initiation.
• Comprehensively introduce yourself as the facilitator.
• Respond within a day to all queries.
• Involve all students.
• Guide and contribute to discussions as facilitator.
• Personalize postings.
6. Useful tools include Camtasia (recording the screen and audio), Smoothdraw
(natural painting and freehand drawing), Flash and Authorware.
7. An online or digital textbook includes textbook content, homework questions,
quizzes, automatic grading, multimedia content, videos, podcasts and simulations.
However, the market is still relatively immature and problematic for many
offerings.
8. Activities that add value to a students’ learning include:
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• Reflections (instructor to summarize an asynchronous discussion).
• Web exploring (students to provide web links with a rating and
description).
• Commenting on field experiences.
• Getting student pairs to critique each other’s work.
• Encouraging students to feedback experiences on use of a simulation
package.
• Posting up online portfolios of work.
• Hosting online debates.
9. Vigorously apply best practice course design principles.
10. Multimedia Design Principles should be observed:
• Match student’s cognitive load to processing level.
• Ensure judicious use of graphics and photos.
• Animations should be appropriate.
• Use serif typefaces.
• Break up text and ensure it is readable.
• Consistent formatting is essential.
• Mental models are limited to five to seven items.
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Chapter 5
Synchronous Online Fundamentals
“The whole purpose of education is to turn mirrors into windows.”
– Sydney J. Harris
Chapter Contents
5.1
Introduction
5.2
Background
5.3
Terminology
5.4
Essential Requirements
5.5
Main Providers
5.6
Design Considerations
5.7
Types of Events and Activities that Add Value
5.8
Applications
5.1
Introduction
As noted in earlier chapters, synchronous e-learning requires simultaneous meeting of all
participants at different locations online with technologies such as web and video
conferencing. Many organizations today are demanding training workshops delivered as
web conferences or webinars rather than as face-to-face sessions for one reason only:
Cost. Sadly, they don’t really consider the improved quality, better reach or greater
convenience in the same way.1
The rapid growth in web conferencing can be gauged by the largest provider of web
conferencing services, WebEx, with a 30% increase in registered users over the year
previous to August 2012 with a staggering 6.8 million users and 9.6 million meetings in
August 2012 alone.2
The great benefit of web conferencing is the ability to provide a complete learning
experience with video and audio and to bridge time and distance. The same session can
be presented at different times to different locations in the world. In addition, the
recordings of the sessions can be built into a library.
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Figure 5.1: Web Conferencing Provides the Virtual Classroom
As many of us know, popular asynchronous online learning (also referred to as self-paced
or flexible learning) is often characterized by very low completion rates.3 This often
applies even to veteran students who find great difficulty in motivating themselves to
persist with a course. Naturally, accountability is critical for success in online education
and it is vital that the instructor sets the standard from the beginning and insists on timely
submission of materials. However, the lack of face-to-face contact in asynchronous
education makes accountability difficult as one is dealing with a virtual student with a
different persona to someone whom you interact with the usual physical cues of eyes /
facial expressions and other body language.
As many are aware, synchronous online seminars are relatively rare in the typical online
college as it is difficult to identify a time convenient for most of the students who do not
like to be locked into a fixed lecture time.4 After all, the reason they are attending an
online course is for the flexibility. The challenge is that this flexibility often translates
into indefinite postponement of any study. Hence, we believe that synchronous sessions,
repeated at multiple times through the day due to the time zone differences of different
students, are useful in keeping students to the study schedule and thus reducing the
overall rate of attrition. Another major reason that the asynchronous approach is preferred
over the synchronous one is the significant additional cost.
Our proven experience has clearly demonstrated that the alternative technology,
synchronous web and videoconferencing, with its high level of interaction between
students and instructor can offer a successful alternative to the asynchronous approach.
It may be intuitively obvious, but research has demonstrated that the rather crude metric
of class attendance is a better predictor of final grades than other predictors such as
admission tests, study habits and study skills.5 Leading on from this, better virtual
attendance on blended learning courses (and by extension online learning) does result in
better end of course grades and lower attrition rates. As virtual attendance is easy to
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measure using the LMS, it is important that administrators focus on this as an early
warning tool to indicate students who are at risk.
The next section will be concerned with the background to synchronous online learning,
terminology and essential requirements to achieve success. Hereafter the key (ever
changing) vendors in the area will be listed, followed by good design considerations and
activities that add value. The chapter will be concluded by listing typical applications.
5.2
Background
With the maturing of the technologies, spread of broadband and awareness of the
benefits, there has been a groundswell of support for web conferencing.
In a comparison (based on a survey of 57 students in an instructional technology course
in the USA) between a purely synchronous online course (using Wimba software) and a
blended course, the virtual classroom features (for the synchronous course) were rated
considerably higher by the purely online students.6 They also showed a higher degree of
comfort with the synchronous technologies.
A comparison between graduate students in biomedical engineering showed that a highly
interactive approach for off-campus students attending a video-teleconferenced course
resulted in higher grades (of equivalent level to students attending a face-to-face session)
and a lower attrition rate than for a non-interactive presentation.7 Interactive in this
context meant that electronic copies of lecture notes were made available before
presentations, off-campus students were contacted to discuss course content, students had
to give individual presentations and 10-15 minutes of each presentation (of 75 minutes)
was devoted to interactive discussions between students (both on and off campus) and
instructors.
A survey conducted by Citrix of 2318 respondents indicated that virtual teams found web
conferencing (60%) more useful than simply audioconferencing(40%).8 The use of visual
communications in addition to the “one-dimensional” audio added considerable value
with presentations, graphics, PowerPoints and easy shared viewing of code or schedules.
There has been steady growth in the use of web conferencing as indicated in a survey of
Australia and New Zealand for 2010 where the number of training professionals that had
presented using web conferencing had moved from 12% in 2008 to almost 20% in 2010.9
The main reason for moving to online training was improved productivity followed by
minimizing travel. It was perceived that live classroom-based training would be reduced
from 80% in 2010 to 60% a year later.
Another small survey with over 400 respondents on web conferencing trends across
North America, prepared for a vendor Citrix Online, indicated growth of over 30% in
web conferencing over the following year.10 While saving on travel costs was certainly an
important consideration, other strong elements included reaching those who couldn’t
attend because of distance. It was suggested that classroom training would continue to
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decline from 60% to 50% over the following 12 months with other approaches (such as
web and audioconferencing) taking up the slack.
A demonstration using synchronous bi-directional audio communications and desktop
sharing from an instructor to students working on a circuits analysis program showed that
she could provide the same level of support as that in a face-to-face environment.11 Two
thirds of the students indicated they didn’t feel isolated when provided with this remote
support. Evidence supports the synchronous format of online learning when requiring a
high level of interaction between students and instructors.12
At the turn of the 20th Century a survey was conducted of the US university and college
faculties providing an asynchronous distance learning environment and, as would be
expected in terms of the most popular course delivery tools by the respondents, email was
used by 100%, digital lectures by 56%, online laboratory modules and simulations by a
high 36%, and real time videoconferencing by only 12%.13 The authors suggested that
videoconferencing technology a few years ago would have been difficult to set up and
arrange. Even web conferencing (considerably easier than videoconferencing) takes some
effort, mainly in meeting on time due to the different time zones for the various
participants but also in successfully setting up on the different platforms.
Research in 2006, based on over 1500 responses, suggested that in marked contrast to
large corporations, small and medium sized enterprises have made web conferencing the
medium of choice for conducting meetings.14 The reasons for using web conferencing
were the usual ones of increased ability to reach more people, save travel costs/time and
naturally to be more productive.
Although students indicated that they preferred face-to-face tutorials, the success of the
Open University of Israel's experiment with the synchronous (and recorded) versions of
the tutorials for computer programming meant that in future, they would eliminate all
face-to-face tutorial sessions.15 Effectively this has meant replacing physical face-to-face
sessions with virtual ones and achieving similar outcomes.
In a survey of over 500 trainers in December 2006, research revealed that the most
important features of web conferencing are ease of use, reputation of vendor and
customer support. Least important was integration with a Learning Management System.
It is important to realize that web conferencing is not necessarily a replacement for
classroom-based instruction, but instead is a complementary tool. It is also critical to
realize that one is often working with adult learners who are time starved. A live web
conferencing presentation in an adult worker’s office has to be short and highly
interactive to sustain a presentation against the competition of instant messaging, the
phone, email and simply surfing the internet.16
Remember that web conferencing is one of many solutions to providing training fitting in
between live instructor-led classroom sessions and asynchronous web content. One has
thus to work this angle to maximize the benefit in using web conferencing.
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Ultimately, the idea may be to surround students in an omnipresent learning
environment–whether they are at university, at home or in their student accommodation.17
This could be done using simulation software, virtual experiments, remote labs, home lab
kits in harnessing the internet and thus minimizing the pressure on overworked labs and
facilities.
Despite the proven benefits discussed above, consistent surveys still show that online
synchronous interactive two way audio and video (using web conferencing) is not a
particularly popular approach with only a tiny percentage of courses using this
approach.18
5.3
Terminology
The main categories of synchronous online learning technologies, are often confused by
different users probably due to the rapid growth in the field, and comprise the
following:19
•

•

•

•

•
•

Webcasting. This was originally derived from the activity of broadcasting over
the internet. This means a combination of audio and video sent from a single
source to multiple receivers with limited interactivity (over the internet). This
technology is especially useful in reaching numerous individuals simultaneously,
but where responses from learners will be limited.
Web conferencing or e-conferencing. This is generally what is referred to when
discussing synchronous online learning and comprises an interactive audio/video
connection between instructor and learners with additional features such as
whiteboards, application sharing, polling, quizzes, slides, web tours and use of
other media. A further suggestion is that web conferencing, as compared to
videoconferencing, only allows the camera feed in one direction, but voice and
written communications in both directions.20 An alternative definition is that web
conferencing is a technology that allowed a group to communicate and collaborate
in an electronic conference format over the internet with two main types of web
conferencing approaches possible.21
A webinar is an internet conference where slides are initially downloaded from
the moderator’s site and the learners then communicate with the presenter via
telephone or a web-based chat option. There is a some debate about the use of the
terms webinar and web conference and many use webinar in place of web
conference as they feel it is a more widely coined term (well, since 2005) as it is
more concise.22
Another term used is virtual classroom indicating a grouping of students with
online instructor-led training.23 Virtual indicates that the meeting will be done
virtually or electronically; not in a face-to-face situation.
Teleconferencing, audioconferencing and videoconferencing are terms that are not
the focus of this book, but should be briefly discussed.
Gaming and simulations. This area, whilst still in its infancy, is rapidly advancing
and allows for hands-on interaction (and use of psychomotor skills) with
simulations of real world environments.24
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The typical functionality of a web conferencing solution is:25
•
•
•
•
•
•
•

Slides presentation.
Audio and text chatting.
Quizzing and polling of participants.
Use of emoticons for feedback from participants to indicate state of mind.
Whiteboard to scribble on.
Application sharing of various programs (and documents) with all participants.
File transfer of files between participants.

An example of the operation of a typical web conferencing package (developed by the
authors), Electromeet, is given in Appendix C.
Audioconferencing, often referred to as conference calling, uses the telephone only to
implement synchronous training. It has mostly been superseded by more modern
approaches such as videoconferencing. Recently it has undergone a revival due to the use
of cell phones and the use of downloadable podcasts. The rapid growth of network
security (such as firewalls) has often made use of web conferencing impossible and thus
audio conferencing provides a guaranteed connection.
It is worth briefly considering video conferencing as this is having a significant impact on
web conferencing systems. Videoconferencing comprises full screen video and audio
using high speed dedicated telephone lines (such as ISDN) or over the internet using the
TCP/IP suite of protocols. It appears that videoconferencing is diverging into two areas:
high definition “telepresence suited to training fields such as medicine where high quality
video was critical and affordable standard definition PC-based systems.26
Although videoconferencing is not a specific topic for this book, there is significant
overlap between this and web conferencing.27 Videoconferencing systems range from a
client for free to over $500,000 for a fully equipped system. Telepresence is a key part of
a videoconferencing system and helps to sell these generally expensive systems on the
basis of seeing or hearing the other person almost as if all participants were physically
located next to each other–something which web conferencing or text messaging have
difficulty in achieving.
One of the current challenges with traditional videoconferencing is the lack of non-verbal
cues between participants. True eye contact is critical to a high quality communications
experience. Technology that does not provide this eye contact severely degrades the
communications experience.
It has been suggested that between 70% and 80% of communication is non-verbal.
One of the problems with the classical videoconferencing approach (especially on PCbased systems) is that the camera is mounted on top of the monitor and this means eye
contact is severely impaired, as you are looking downwards at the monitor all the time
and not into the camera.
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Telepresence (as per McNelley and Machtig) is defined as a system that has:
•
•
•
•

A camera that is optically aligned with the eyes so that one looks directly into
each other’s eyes.
A life size image (not smaller than 70%) so that body gestures can clearly be seen.
Appropriate cultural distance as if the other person is sitting at table height on the
other side of the table.
The image and audio at TV-broadcast quality level or better.

The remark made is that telepresence successfully takes into account human factors in
communications as opposed to videoconferencing that focuses on the technology.
It has been suggested that the five main drivers of videoconferencing include economics
(budget cuts and falling prices), emergencies (providing a useful support channel),
environment (this is a greener technology), work (demanding more flexible computerbased forms of communication) and the modern generation (comfortable with these
technologies).
Some current trends in videoconferencing include 3D videoconferencing, augmented
reality, rapid increase in bandwidth availability (and demands), cloud computing (esp.
data storage), increased collaborative mechanisms, high definition, immersive audio and
open networks using TCP/IP (and thus a need for improved security)
As compared to the limited experience of email (and text chatting), when using the
telephone, we can sense emotion in the voice and this helps sharpen the experience.28
However, in viewing each other we see a host more emotions such as what the other
person is wearing, their body language (including body gestures) and, most importantly,
each other’s eyes.
Video Conferencing Vendors
Typical vendors of video conferencing systems include:29
•
•
•
•
•
•

Polycom.
HALO (DreamWorks and HP).
TelePresence (Cisco, who also purchased Tandberg–another leader).
KMi Stadium.
TTRG (Transparent Telepresence Research Group at University of Strathclyde).
PERCRO (from Italy) .

5.4
Essential Requirements
There are three methods for building a web conferencing architecture:30
•

SaaS (Software as a Service) where the client systems are installed locally but the
server is accessed through “the Cloud” on a vendor designated site.
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•
•

On-site installation where the software (server and clients) are installed on the
client’s IT infrastructure.
Hybrid model that combines both.

Most applications in the larger business market are SaaS with no common protocols or
standards widely accepted as yet. Most companies use a separate telephone bridge for
audio, as there are understandable concerns about the consistency and reliability of audio
through web conferencing VoIP. Video is a fast growing option (easily effected through a
USB-based webcam), but it is constrained by bandwidth (and the power of an individual
PC client).
The six basic requirements for web conferencing are:31
•
•
•
•
•
•

Presentation sharing (full screen typically using PowerPoint).
Desktop sharing to share their specified software applications and files.
Text chat between users and instructor.
Recording and playback.
Shared whiteboard for all users and instructor to make notes and diagrams.
Live video (through a webcam).

Note that the Secure Sockets Layer (SSL) Encryption or equivalent should be used to
provide safety and privacy of all information exchanged between participants in a web
conference session.
There are eight more advanced requirements:
•
•
•
•
•
•
•
•

Conduct polling or surveys on the fly to gauge audience reaction and feedback.
Desktop or application remote control of user programs (e.g. to demonstrate to or
correct a remote student needing guidance).
File transfer between users.
Excellent quality VoIP between instructor and participants.
Participant testing and monitoring of remote students (proctoring).
Document sharing between users allowing simultaneous viewing and
contributions.
Authoring tools to publish the web conferences in online learning format.
Live customer support for issues that occur on a 24/7 basis.

Research conducted in November 2011 from the well known Gartner 2011 Magic
Quadrant for Web Conferencing report makes a few remarks about purchasing web
conferencing.32 However, it is difficult to use this information for purchase decisions.33
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In addition to the ones listed above, as suggested in the Gartner Magic Quadrant for Web
Conferencing Report the minimum functionality required would be:
•

Basic security with encrypted data transfer and password protection for meeting
rooms.

Some more advanced features, which are being increasingly provided by vendors
included:
•
•
•

•
•
•
•

VoIP audio so that no separate phone is required (both half duplex or full duplex
for multiple participants).
Support of the Public switched telephone network in conjunction with web
conferencing software VoIP.
Advanced security allowing for participant level passwords (new passwords for
every meeting), blocking of anonymous users, limiting participants to those with
specific IP addresses and deletion of all online documents at the termination of a
meeting.
Archiving of all elements of a meeting (including presentation / video / audio and
appsharing).
Ongoing feedback from participants to presenter.
Easy integration with LMS.
Mobile support of mobile phones.

The whiteboard is a vital component of any modern classroom.34 Hence, any loss in
quality which is often experienced with the television format at 640x480 resolution / 30
frames per second is unacceptable. Commercial telepresence systems are designed ideally
for optimal viewing distance from the user to display of 3m (10ft). This is ideal for a
conference room where people are sitting at a table. However, with training courses it is
vital to read the whiteboard and preferably to see an individual's face. Two adjacent high
definition displays at 1080i/p (1920 x 1080 resolution) with matching cameras can
provide threshold acceptance to achieve this. At the time of writing, these systems cannot
easily be used within the public internet as they need 2-5Mbits of network traffic per
channel.
5.5
Main Providers
There are an enormous number of providers in the market and depending on the review
process, they may be included or not. Hence, the best approach is to give a sample of
typical reviews, with the providers listed here to give an idea of the variety.
A report from the Info-Tech Group lists the key providers. Admittedly, this report is from
2008, and since then there have certainly been considerable advances made in web
conferencing.35 However, the overall features provided haven’t dramatically changed. As
the report pointed out, peer-to-peer collaboration technologies have experienced
substantial difficulties in being used within enterprises due to the concern about security
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(e.g. firewalls) and scalability. The added complexity in applying the technology to others
is outside an organization’s direct control.
There were five key web conferencing vendors identified in this report: Adobe Acrobat
Connect, Cisco WebEx, Citrix Online GoToMeeting, IBM Sametime Unyte Meeting and
Microsoft Live Meeting. Adobe Connect Pro was considered the best for online learning
and virtual classroom use. For large-scale webinars or online events, WebEx or Live
Meeting was considered the most appealing.
The top 10 web conferencing solutions according to the Web Conferencing Council in
their review in 2009 were:36
•
•
•
•
•
•
•
•
•
•

VIA3 (viack.com)
GoToMeeting from Citrix (GoToMeeting.com)
Webex Meetings Centre, from Cisco (webex.com)
LiveMeeting from Microsoft (office.microsoft.com/enus/livemeeting/default.aspx)
Acrobat Connect Pro from Adobe (adobe.com/products/acrobatconnectpro/)
iLinc from iLinc (iLinc.com)
Connect from AT&T (interwise.com)
Sametime from IBM (ibm.com)
WiredRed (wiredred.com)
Yugma (yumga.com)

The criteria used included depth of features, audio and video quality, bandwidth
management, price, stability, security, support services, ease of installation, use and
management and a miscellaneous category.
A few general comments were made for all the products about the lack of features for
performing quick meetings for all the products, the lack of quality in audio and video,
difficulty in installing the software, poor support, and varying stability. VIA3 was rated at
the top with outstanding audio, video and excellent security. The disadvantage is the need
to download the package and being only Windows-based.
Although the picture is dynamic, another report suggested that the major players in 2009
were Adobe Acrobat Connect, Citrix GoToMeeting, Elluminate Live!, IBM Lotus
Sametime Unyte Meeting, Microsoft Office Live Meeting, WebEx MeetMeNow, Saba
Centra and iLinc.37 Smaller ones demonstrating promise were DimDim, WiredRed e/pop
web conferencing, Yugma Professional and Zoho Meeting.
A summary of the main web conferencing vendors from the 2011 Magic Quadrant were
as follows:38
Adobe Connect
This has an excellent user interface, supports an unlimited number of video participant;
however it can be an expensive complex licensing model.
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AT&T Connect
As it is a telecommunications provider; tightly integrated audio/web and video is
provided with single billing. However, pricing is sometimes difficult to ascertain.
Blackboard Collaborate
Elluminate and Wimba have both been combined under the one roof; however in turn,
Blackboard has recently been taken over by a private equity group leading to concerns
about the future. Strong cross platform support is provided for Windows, MacIntosh and
Linux with particular expertise and support for education.
Cisco Unified MeetingPlace and WebEx Web Meeting applications (Meeting Center,
Sales Center, Event Center, Training Center and Support Center)
Webex is the largest player in the market. Cisco has a wide range of support from
telepresence to desktop-based web and videoconferencing. However, in dealing with a
large company service difficulties can crop up.
Citrix GoToMeeting and GoToWebinar
A fast growing product line ranging from GoToMeeting, GoToWebinar, GoToTraining,
GoToAssist, GoToManage, GoToMyPC and HiDef conferencing with strong marketing
and strong audio and video support.
Dialcom Spontania
Support for Windows, Macintosh, Linux, iPhone and Android operating systems but
limited technical support for any problems.
IBM Lotus Sametime Meetings and IBM LotusLive Meetings
Good integration with Microsoft Office offering and Polycom, Radvision and Cisco
videoconferencing. Different web conferencing products.
iLinc Enterprise Suite (iLinc for Meetings, iLinc for Webinars, iLinc for Support,
iLinc for Learning)
Recently acquired by Broadsoft (hence some uncertainty about the future) but good
support for education and training.
InterCall Unified Meeting
Both small and large meetings are easily supported, however no software download is
required. However, only Apple Macintoshes can act as participants not launching the
meetings as a host.
Microsoft Office Live Meeting 2007, Office Communications Server (OCS) 2007 and
Lync Server 2010
Live Meeting is being phased out in favor of Lync with HD video supported.
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PGi GlobalMeet and iMeet
iMeet offers a degree of “social computing” with a personalized virtual room while
GlobalMeet has reporting and analytics capabilities.
Saba Centra
The key focus has been on education and training.
Low-cost Web and Videoconferencing
Google+ Hangouts offers the facility of video group chat for up to 10 people–a brilliant
alternative to similar but prohibitively expensive services.39 The features which are useful
include screen sharing, sharing documents and sketch pad where you can draw within the
chat window. The facilities that are not provided include recording of sessions and
scheduling of meetings.
What About Use of Skype as an Online Learning Tool?
Skype is free and has some excellent features ranging from instant messaging to a full
video and web conferencing package.40 What we have found particularly powerful is in
combining (on occasion) asynchronous instant messaging with the quick audio calls
where you can reach someone quicker than with a normal telephone call (and indeed for
free). The only problem that we have found on occasion is the unreliability and poor
quality of the audio, but then there is no such thing as a free lunch.
When students see the green icon next to a particular person, they know that person is
online and will in all likelihood give them an immediate response to a message. Even if
that person is offline, they can still send messages. Files can be sent within the instant
messaging facility.
The audio and video conversations between Skype users are free and even calling from a
Skype-based computer to a mobile phone is still very cheap. The Skype video adds more
presence but should be used carefully depending on the bandwidth. The screen share
feature of Skype can be used to show the instructor’s computer screen especially for
providing procedural knowledge such as providing instruction on working with a
software package.
Skype has a free web conferencing add-on called Yugma, which allows for up to 10
participants at a time, as well as the use of a digital pen and tablet in the blackboard
feature. The G-recorder is a free Skype Extra application allowing for recording of text
chats and audio. Problems have been encountered in synchronizing audio and video.
Where the courses involve a team collaborative project, Skype allows users to create a
group where they can work together using instant messaging, file exchange and audio
talk to each other. As discussed elsewhere, engagement theory suggests that learning
occurs when working in a group on an authentic (or real working life type) project.
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5.6

Design Considerations

Transactional Distance
Moore's theory of transactional distance can be especially useful in understanding student
"distance" during the learning process for synchronous online learning.41, 42 This theory
points out that the feeling of distance that a learner experiences during the learning
process supersedes geography and is related to student interaction and engagement in the
learning experience. There are three elements to transactional distance: dialogue
(interaction between the instructor, learner(s) and content in the learning process),
structure (how flexible or rigid the course delivery and organization is) and learner
autonomy (where the learning provides the student with more self-directed learning
opportunities).
Dialogue can be positively impacted with synchronous online learning as opposed to
classroom-based learning with many students interacting considerably more in the
former. However, some other students are often negatively impacted by (generally minor)
technology problems with the web conferencing software. Others are overwhelmed with
the multitasking flood of information from audio, texting, whiteboard activity and
viewing videos. The lack of non-verbal cues also degraded the student's experience. This
can be dealt with by adding in low-cost webcams but this will perhaps add more
complexity than is warranted for some students. Hence, it is vital that instructors are
aware of this and ensure that students (and indeed, new teachers as well) are treated
considerately in terms of exposing them slowly to the multitude of features.
Note that the benefits of synchronous peer discussions are:43
•
•
•
•
•

Providing immediate feedback.
Helping to foster multiple points of view from the different participants.
Improving the dynamic interactions between participants.
Enhancing social presence.
Adding more emotional support and verbal cues to the discussions.

Structure in transactional distance theory is seemingly dealt with positively by providing
a well-defined and consistent set of procedures and requirements for students.
Finally, learner autonomy is positively impacted by students having considerably more
convenience; however negatively impacted by technical problems.
One of the key benefits in the use of synchronous computer conferencing is to reduce the
social distance between learners and instructors.44
Suggestions on Introduction of Web Conferencing
Some good suggestions on introducing this new technology to a group who are not
experienced with it are:45
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•
•

•

Introduce the technology slowly in steps of increasing complexity–commencing
with simple workable tools.
Fix problems immediately when they come up–no matter whether they are real or
perceived. Participants can get frustrated very quickly as the technology is
relatively unknown and “black box”.
Train everyone extensively so that they can use the features effectively and with
confidence.

Initial Deployment Considerations
Research has shown that it is vital that participants are shown how to use the virtual
classroom and are provided with extensive training to minimize dissatisfaction.46
Extensive knowledge was required in three areas to obtain real value from using the
virtual classroom and included: technical (setting up, logging on and navigating),
procedural (protocols and conventions used in a virtual classroom) and operational
(optimal use of the communication tools).
Three points from research noted that students need clearly defined information about
how to use the technology.47 This can easily be undertaken by providing demonstration
sessions. The second point is that it is critical that only instructors use the technology
who are engaging and tuned into using the technology especially in terms of transforming
their classroom materials into that suitable for synchronous web conferencing. The third
point is that the inflexibility of the timing of the live sessions can be frustrating for
students who are working part time or have other commitments with family. This needs
to be dealt with sensitivity and care, and occasional use of recordings can be helpful.
Bear in mind that no matter how good the training of instructors and students in video
and web conferencing technology, for example, once the quality degrades significantly
especially in terms of audio (and video to a lesser extent), it should be abandoned and
other forms of communications (email and the good old POTS or Plain Old Telephone
System) resorted to.48
Admittedly, many of the problems listed below would be resolved today with improved
technology offerings.49 However, the lessons are still useful even though video
conferencing is used as many of their problems relate to web conferencing systems. In
2005, the Southwest Tennessee Community College launched an introductory computeraided drawing course to be taught at two locations, with the remote group being a few
high school students grouped together at one site. A Tandberg videoconferencing system
was used together with NetOp web conferencing software. The class met two nights per
week. Problems encountered were T1 telecommunications system failure, unstable
connections (video and audio dropouts) and student computers disconnecting. Despite
these challenges, the remote high school students achieved the same grades as the local
students and as the technology became stable and usable, it was justified for future
distance learning initiatives.
From the point of view of the instructor, the following problems were evident: confusion
between his computer screen and that of the students, indecision about which group to
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bias the course towards (the remote or local groups), isolation of the remote students and
scheduling conflicts between high school and college students. Resolutions to these
problems included more experience with the system, increasing interactivity and interest
level and ensuring that students take responsibility for their learning.
High Quality Moderation
Synchronous instruction has a positive impact in online education as it can support many
of the elements found in normal face-to-face classroom sessions.50 Research has shown
that the more actively moderators made high quality comments in a synchronous online
session, the more actively students participated, and this then led to higher levels of
thinking and interactivity. Instructors who encouraged greater student-to-student
interactivity with increased listening and responding to each other would achieve a higher
degree of intellectual engagement.
Supporting technologies
A tool that is extremely useful in your arsenal of gadgets is a tablet (either a standalone
tablet or a Tablet PC).5I It is simply not enough to see a set of mathematical equations
without seeing some interacting graphical representations. A tablet PC looks like an
ordinary laptop with extra pens that allow you to write on its screen. The pens allow you
to input standard mouse-type commands, gesture-type commands and electronic ink
drawing. Those areas where freestyle drawing is vital to get the concepts across such as
figures, diagrams and charts, and indeed mathematical symbols which are not easily used
with the QWERTY type keyboard benefit greatly from the use of tablets. The instructor
can provide color mark-ups on the materials as the presentations progress.
A typical tablet used was the Genius G-Pen 560, and it is as simple as using a pen and
paper.52 You only hold the stylus in your hand, touch the board, and it does everything for
you. By touching the board, it is the same as pushing a pen on paper. Hold it a millimeter
or two above the board, and you can move to the next point on the screen (and see the
cursor move), but without drawing. As soon as you touch the board again, it starts
writing. It connects via a USB cable directly to the PC. One tip to remember is checking
the battery. The stylus holds a small AAA battery that you should put in just before every
session, and take out at the end of every session. There is nothing more frustrating than
trying to start a presentation with a flat battery. Oh, yes; and also keep a spare battery
next to the speakers. Just in case.
With the influx of tablets in our everyday life, they have also become effective tools in
online learning. It is now easy to view hundreds of thousands of books online, or saved as
text documents or PDF files on a tablet even smaller than an A4 sheet of paper, and
lighter than a small book. The big names in providing such gadgets are Apple (iPad),
Google (Nexus tablets), Asus (Transformer tablets) and Samsung (Galaxy tabs), among
many others.
Online educational service providers have already hopped onto the bandwagon by
adjusting their products to be compatible with tablets. For example, Blackboard already
have Blackboard Mobile available, which can be downloaded on this and Android-based
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tablets for students and teachers to easily access their course materials, as well as joining
in live webinar session (Elluminate now Blackboard Collaborate). Moodle also has
multiple apps available on the Apple and Google stores for use on the mobile devices.
Using the tablets for e-learning means that every student can study wherever and
whenever they want thanks to the tablets being lightweight and thin, compared to
carrying around books, folders and notebooks. They can also attend online lectures and
classes from the comfort of their home, or in remote areas as long as they have internet
and a tablet. Tablets being touchscreen, the teacher can now draw diagrams or sketch
formulas as if it were a whiteboard itself on the lectures, and are not limited to a mouse
and keyboard.
As a comparison in 2013, we will consider the iPad 4th generation, the Google Nexus 10
and the Asus Transformer Pad Infinity TF700T. The price ranges from under $500
(Google Nexus 10) to close to $1,000 (Asus Transformer), depending on the features
added. With this price range, Apple and Asus offer 64GB storage space, and Google
32GB. The size of the screens range from 9.7in (Apple iPad) to 10.1in (Google Nexus,
Asus Transformer Pad), and they all weigh less than 700 grams. Screen resolution differs,
starting with Asus having 1920x1200, iPad with 2048x1536, and Google leading the way
with 2560x1600. Camera resolution for the Google and Apple tablet sits at 5Megapixels,
whereas the Asus tablet reaches 8 mega pixels. All three of the devices have GPS,
capacitive touch screen and video recording capabilities. Asus has opted to run Google’s
Android-based OS, as does the Google Nexus, and Apple iPad runs an Apple iOS. All 3
tablets support 3G, Bluetooth and wireless connection, but the iPad 4th gen pushes it a bit
further by being 4G-ready.
Video
Particularly in web conferencing, video is rapidly becoming a key feature.53 Most people
who are hazy about what web conferencing entails instinctively think of seeing the
presenter presenting live in full video. Although it would appear intuitively obvious to
use video, it is not recommended practice for two main reasons. The first is that
audiences have become attuned to high quality professional TV presentations that are
extraordinarily difficult for you to achieve using a simple webcam and cheap lighting.
There is no doubt that first impressions count and when you consider the enormous
number of disadvantages with having a video of yourself in your web conference and in
achieving excellent lighting, good eye contact, appropriate body language and facial
expressions coupled with wearing something suitable, you would guess that the odds are
stacked against you. If you add in other issues such as staying in the webcam field of
view and focus and having an appropriate background behind you, your chances of
success diminish dramatically. This is true unless of course you are in a professional TV
studio and are a professional TV presenter.
The second reason is that in doing a training presentation, you would have a considerable
amount of other information to display (and perhaps you would also want to show your
remote lab or simulation) and the last thing you want to include is a bobbing talking head
(yours) that distracts everyone and generally adds very little value to the training.
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However, it should be noted that for training purposes it is a great idea to briefly initiate
the presentation with a video of yourself (and the other instructors and students), then
stop it and focus on the presentation (maintaining high quality audio which is absolutely
vital). When you have a question and answer session at the end, it can be a good idea to
switch the video back on again. Bear in mind that the question and answers also need to
have a whiteboard that you can scribble on and you want everyone to focus on this (rather
than the video). Finally, no matter what way you look at it, a talking head can be
enormously boring after only a few seconds.
It is important to note that although most initial users of live online education (web
conferencing) believe that they should be able to see the remote instructor in the
presentation, in fact, this is not required at all.54 The critical elements of a live online
presentation are high quality audio and the ability to see the learning materials, such as
PowerPoints. Students aren’t particularly interested in seeing a “talking head.”
One of the challenges inherent in videoconferencing is the placement of the camera to
capture as much of a remote class as possible for an instructor located in a local class.55 A
wide angle lens can be used to capture the remote class and to display it at the local
instructor’s podium. A panning camera can be then operated by the instructor to zoom in
on a member of the remote class. A microphone located close to the remote student can
be used to identify which student is talking.
The remote students need to be able to see the instructor continuously and multiple
cameras may be required in the local classroom. This would include a wide-perspective
camera viewing the entire classroom and an individual camera for podium, blackboard,
demonstration table and other digital video sources (e.g. video and computer screens).
As we have discussed earlier, having an instructor “talking head” on your computer
screen is not particularly necessary unless he or she is conveying some useful
information.56 Most of the time, a high quality audio connection together with a
whiteboard or desktop sharing of a program is probably the most powerful interface you
will have.
Most online courses used text as the key method of communications with occasional use
of phone conversations.57 One of the main drawbacks on this form of communications
was the lack of video in the instructional process as much of the learning process revolves
around visual communications. Face-to-face instruction had the advantage that both
student and teacher could see what the other was doing and observe the non-verbal
communications. Video technology can be used in the web conference format to increase
the interaction that included video, audio and text-based communications. Naturally,
additional activities available in web conferencing that should be investigated are
demonstrating software online, monitoring student progress whilst in a lab situation and
new assessment methods of the student.
One Obvious Benefit: No Sight Line problems
One major benefit, which is often forgotten about when watching a web conference
presentation, is the ability to see the entire computer screen and slide space. Compare this
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to the frustration of sitting in a crowded conference room trying to look around people in
front of you partially (or wholly) blocking your view of the screen.
Common Suggestions in Moving from Classroom-Based Learning to Online
Synchronous Learning
There is a different set of rules applying in the synchronous classroom as compared to the
traditional classroom. Different skills, approaches and processes are required here.58
Simply using PowerPoint slides in synchronous online learning as you did in the
classroom is not going to work. There are certainly many sessions conducted with a web
conference that are one-way. However, this doesn’t work as people quickly “zone out”. A
teacher has to use all the tools at her disposal to conduct a memorable and interesting
session.
Web conferencing can allow for more than “knowledge transfer” type training. One can
use all the additional tools and features with web conferencing today to go well beyond
only “knowledge transfer”. For example, role-plays and role-play feedback can be easily
accomplished using webcams.
Use breakout rooms extensively. These are a general feature of most web conferencing
packages and as in classroom sessions, should be used extensively. This allows you to
break participants into teams, the facilitator can “visit them” virtually and each team can
then present it to the larger group.
Continual activities are critical. In a traditional classroom, you can get away with eye
contact and presence in keeping everyone “on board” but in a virtual classroom, you need
an activity at least every five to eight minutes to keep everyone tuned into the
presentation. This means you can’t simply chop up a two-day classroom session into little
one-hour segments and present these as online learning sessions.
Materials created in the traditional classroom have to be modified to match the virtual
classroom. It is likely that PowerPoint slides can be reused in a virtual classroom.
However, written instructions for participants have to be made extremely simple and
detailed. As the virtual classroom sessions are shorter, you will probably have to get your
participants to do some of the exercises in their time and between classroom sessions.
Instructors and facilitators can’t always make the transition from a classroom to a virtual
classroom. You will find that there are certain instructors who are perhaps not
comfortable with the new technology, can’t handle the virtual nature of the new medium
and simply aren’t active or agile enough to present in a virtual classroom.
Technology never works flawlessly. It is useful to have a producer or assistant trainer on
board in the virtual classroom at the same time as the instructor to help smooth out the
“technology waves” that occur from time to time. These unexpected problems include
inability to use a microphone, degradation of sound quality and disconnects from the
internet. At worse case, always prepare for some catastrophic event such as the internet
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becoming totally inoperable and have a fall back situation for reconvening at another time
and also having a recording available for the session. A producer allows the instructor to
focus on the main ball game in running the course without being distracted. The producer
can assist with other issues when things are running smoothly such as distributing files,
helping transfer participants in and out of breakout sessions, watch out for comments in
the chat panel. Our experience shows that outstanding instructors who know the medium
and are presenting to a regular group who have got a grip on the technology probably
don’t need a producer.
One should never underestimate the costs in designing, developing and presenting an
online event. As a highly interactive session is required for an online event, which far
exceeds that of a typical classroom, you will find that the costs and time are well in
excess of that for a classroom. You may not only require a full-time IT technician to help
students, instructors and designers but instructors need to be accommodated as far as the
additional time required to put the online resources together.
Don’t underestimate the time to present an online event. The lack of real presence means
it is often well in excess of that for a classroom session in explaining difficult concepts
and encouraging considerably more interaction. The online technology has to be worked
through as well.
With current technology, there are some challenges with the use of audio in web
conferencing. If the push-to-talk system is used (only one person allowed to talk at a time
in half duplex mode), there is considerably less background noise; however, participants
often forget to switch on their microphone, hence no audio and considerable confusion.
There is also a slight delay on change over from the first microphone to the other. On the
other hand, with everyone’s microphone enabled, there is often considerable background
noise but there is no changeover delay and the overall system is considerably easier to use
and intuitive. There is some trade off between the approaches.59
High Definition Web and Videoconferencing
One has to be wary about various web and videoconferencing vendors claiming High
Definition (HD) Video.60 High Definition (HD) video was initially a TV broadcast term
meaning that it should either be 1080 or 720 lines of vertical display resolution. The letter
“p” noted in resolution of 720p means progressive scanning as opposed to interlaced
scanning. However, vendors purporting to provide HD quality tend to skirt around such
important issues as frame rate, audio quality and changing quality of the internet
connection.
Instructor Salaries Can Be the Main Component
The suggestion is made that as instructor salaries are the main component of cost in
synchronous sessions especially, there is minimal cost advantage of online courses
against that of classroom sessions.61 An interesting costing (based in US$ in 2012) is that
for students taking 10 classes per year, the average cost per class for everything (tuition,
fees, books) is about $400 for a community college and $900 for a university. A fully
automated online course (with no instructor) would be of the order of $50 to $100 per
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class–considerably less. A synchronous course, because of the instructor, would be
equivalent in cost to that of a classroom session.
5.7
Types of Events and Activities that Add Value
One has to avoid at all costs the boredom evidenced in many online learning sessions. In
recent years, the poor presentation of much synchronous online learning has reinforced
this belief in the mind of participants that they will not be expected to be involved and are
thus easily distracted with other items. Some pundits suggest the focus should be on
designing, “for activity rather than content”, and the obvious benefit from an increase in
the level of interactivity required in the online learning session is that applying this to the
classroom session can improve its quality dramatically.
It is vital to keep your presentations interesting, interactive and different. As we have
discussed before, if you merely lecture online for 60 minutes, you will probably lose your
group within a few minutes and there will obviously be minimal learning occurring.
There are various types of events that can be presented with synchronous online learning:
•
•
•
•
•

Presentation by subject matter expert.
Learning events allowing you to come away with new know-how or skills.
Peer-to-peer learning and discussing troubleshooting a problem (with a
facilitator).
Online meetings that provide a review, an update, report of activities or discussion
on assignation of work tasks.
Marketing webinars promoting a product or service.

Each of these requires a slightly different approach in design and implementation and
these will be discussed below.62 Online meetings are not the focus of this book so will be
excluded from further discussions. Marketing webinars will be discussed in Chapter 15.
Presentation by Subject Matter Experts (SMEs)
These should be no longer than 60 minutes with a suggested structure of 10 minutes for a
facilitator to initiate the session and make the necessary introductions. The SMEs would
have about 30 minutes in which to do their presentations with 20 minutes remaining for
any question and answers.
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Figure 5.2: Presentation by Subject Matter Expert
As SMEs are often rather amateurish in terms of doing a professional presentation, it is
important to practice beforehand until it comes across as polished and watchable. Don’t
overwhelm participants with hordes of PowerPoint slides (always an enthusiasm of the
SME to share his or her knowledge), and eliminate content that is only mildly relevant to
the objective of the presentation. Try and encourage participants to chat and ask questions
throughout the session. The number of participants here can range into the hundreds, so a
producer is necessary to handle the technical glitches that may occur. Try and avoid
sending out the recordings, but encourage everyone to attend to maximize their benefit.
The main reasons for using synchronous online learning cited were the need for frequent
updating of course materials and interaction from an expert.63
Learning Events
The concept here is to ensure that participants leave with some knowledge and skills that
they can apply immediately to their work. The participants have to think, reflect, absorb
and process the content. The maximum duration is two hours with frequent breaks. It is
critical that participants are highly involved in the presentation and there must be
measurable results for them from the session.
A learning event does require significant effort and resources compared to the other type
of presentations (such as a marketing presentation), so you have to be serious and
committed to accomplishing real learning.
You also have to be realistic about what you are instructing online. It is possible that you
will not be able to achieve a learning objective and will have to reconsider online
training. For example, learning the fundamentals of Arc Flash Protection is easy to teach
online. However, instructing someone on how to handle a welding torch when working
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with aluminum may be virtually impossible (well, currently!) to do with online training
and will require a blended approach.
At the beginning of the presentation, you must define exactly what the participants will
gain as a result of this activity, and you have to sell them on the reason why it is worth
gaining this know-how or expertise. Ensure that the course materials are presented in
short “chunked” sessions with tightly defined objectives and content. It is better to have
multiple shorter sessions than one long drawn out one–that is, if the course administrators
and instructors can cope with this.
Avoid the common mistake of pushing too much information out to the learners in the
actual online learning session. The key to getting information across in an online learning
session is only to provide the “must-have” and critical materials. Provide all the
interesting and supplementary materials that you feel are appropriate that are made
available to the participants with a clearly defined deadline for reading and doing a
related assignment. Much as we like to feel that learners are scholars absorbing materials
for the sake of knowledge, sadly as an instructor one needs to be somewhat more
mercenary and ensure that the supplementary materials are absorbed and acted upon with
an associated assignment or task. You don’t want to reteach these supplementary
materials during the actual webcast.
A test of the knowledge gained must be built in to ensure that the learning objectives are
accomplished to everyone’s satisfaction. This test is preferably conducted in a formative
way throughout the session rather than in a summative “sudden hit” at the conclusion of
the presentation.
Peer-to-peer Learning
An undisciplined approach in conducting these sessions can make them unproductive
(worsened by the virtual nature of communication). The best approach is to follow the
suggestion in the previous section, but to appoint a moderator to ensure an agreed agenda
is maintained.
Activities that increase the interaction during the presentation are discusssed below.
Magnetic Brainstorms
Give an opportunity for all participants to put text on the white board. Encourage a
contribution from everyone to a question you ask. Give them ten seconds to post their
contributions up and discuss them. This allows everyone to track their contributions and
how they add value to the group. This raises the awareness and involvement of the group.
A good example of the application of this is to ask for safety tips or suggestions when
working with High Voltage equipment. Everyone provides a one-sentence tip, which the
facilitator (or preferably one of the participants) then arranges in order of priority for
everyone to see.
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Problem Solving or Troubleshooting
Give everyone a simple problem to solve based on some information you have given,
then get one of the participants to go through the solution of his problem on the
whiteboard. The participant can upload the solution with a simple PowerPoint for
everyone’s benefit, or just write on the whiteboard. Ensure that everyone can undertake
the problem in the time available.
Breakout Rooms (with Team Meetings)
Break your group into smaller groups of three and place them in a breakout room to solve
a problem and create a few slides to do a presentation to the entire group of 15
participants, say. Ensure that the groups are balanced and actually interact by visiting the
room to confirm that all is going well. For example, give them a sketch of a hazardous
area installation and ask them to come up with solutions in connecting together the
different automation components using a mix of fiber, wireless or conduit. Each group
goes away and considers the situation and has eight minutes to come up with a proposed
method of connecting the different components together. A problem along these lines is
illustrated from a classroom session the authors did recently in the Middle East.
Eminent Speakers Fronting up
This has been discussed earlier and can contribute to a very powerful learning experience.
An eminent speaker from outside the class such as a professional working in the field (or
someone who is an outsider) is invited to do a short presentation on a topic. This enables
the presenter to vary the voice, style of presentation and perspective of the session, thus
enhancing the learning experience. The speaker could answer questions related to her
career or projects completed. Obviously, to avoid any embarrassment, ensure that the
guest speaker is prepared and knows what to do; you will probably have to be involved to
ensure all goes to plan. Nothing is more horrendous than a knowledgeable person
floundering due to inability to use the package and wrong timing due to a
misunderstanding of the local time zone. Have a fall back plan if she doesn’t show up at
the agreed time.
An example of applying this is to have a consulting mechanical engineer situated on a
mining site. He comes online at the appointed time and after introducing himself with a
few slides including a photo of his location, he switches on the video camera and
illustrates his presentation with some centrifugal pumps he has opened up to show the
effects of cavitation with a particularly challenging slurry pumping application which he
is currently investigating for the client. He then throws open the forum to the other
participants who ask him a few questions (both verbally and via text chatting) about the
cavitation and what he will recommend to the client.
Grid Completion
A grid is displayed on the whiteboard. Selected participants complete the missing content
by typing it in. This could be done as a contest between two different teams.
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Working Together on the Whiteboard
Two members of a group work together on a whiteboard to answer a question. This is
then displayed to the remainder of the group.
Role Playing Using Text or Audio
Participants are grouped into pairs and use their microphones (or text but this is
sometimes wooden) to conduct a session to the remainder of the group.
Poll Students
Post a question regularly and encourage feedback–especially from the quieter, less
interactive participants.
Fireside Chats
Get an expert to join for a short period of time to do a short presentation and to answer
questions. Ensure the moderator is there to handle any awkward pauses or silences.
Brainstorming Ideas
Break the students up into groups in chat rooms and then get them to present their ideas
in a group session. Alternatively, post their ideas up on the website.
Panel of Experts
Get students to research a topic in depth and then do a group presentation/discussion on
it, or get the students to suggest members of an expert panel and then invite them in at a
specific time.
Online Lectures
This really smacks of simply using synchronous tools, but for completeness it should be
listed. Get remotely located lecturers to do a presentation to students at different
geographical locations.
Synchronous Quizzes
Get all the students online at the same time as the instructor and run an online quiz. The
students’ depth of knowledge can be rapidly determined at this point.
Virtual conference
Students attend a virtual conference with hundreds of participants and report back on it.
Recordings and Transcripts
Students review transcripts and recordings archived by the system and examine key
concepts and then discuss them with the entire group.
Debriefing Exercises
Do one-on-one tutoring with students who might be off track on an assignment, or hold a
group discussion after a major event. These should encourage reflection and extensive
dialogue between group members.
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Strike a Consensus
A list of items is placed up on the whiteboard and the group, by discussing the individual
items, has to list them in a given order. The instructor guides the session and makes her
own suggestions at the end.
Work with a Graphic or Schematic
A schematic of a particular plant or electrical distribution layout is placed on the
whiteboard and group members have to analyze it and then make suggestions for errors
and improvements.
Peer-to-peer Discussions
Learners interact with each other directly (rather than via the instructor) to get to know
each other better.
Personal Assessments
Participants complete an online quiz or questionnaire and score themselves. They then
discuss the solutions with the group and facilitator.
Core Dump Activity
A group is broken up into four or five breakout rooms where they briefly interview an
expert on a topic. These experts are then rotated around to the next breakout room where
they are interviewed by the next breakout room group. Each breakout room then
summarizes their findings and presents to the entire group at the end of the session.
Case Study
A scenario is played to the entire group using audio or video (such as a centrifugal pump
failure in a particularly onerous application). Using text (and audio, perhaps), the group
analyses and discusses the problem and proposes a solution. The instructor then adds her
suggestions.
5.8
Applications
A few applications in using synchronous tools are examined in this section.
Motivation to use Online Environment
At Southern Cross University, research indicated that students were motivated to use an
online environment such as the Elluminate web conferencing software.64 Distance
learning students in particular (as would be expected) were particularly motivated to use
this environment. Self-efficacy or the perceived ability to use the web conferencing
environment was identified as a useful indicator of intention to employ this tool in their
studies.
War-torn Afghanistan
An application of web conferencing software was in war-torn Afghanistan at the
University of Kabul which has a joint venture with Southern Polytechnic State University
to provide Bachelor of Engineering degree programs using the Wimba Classroom web
conferencing software.65 The observations were that the system worked well at both
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universities with equivalent student performance to that of the face-to-face lectures but
the main challenge was the lack of volunteer instructors. Use of web conferencing
software means that high quality instructors that aren’t exposed to the risk of injury due
to the ongoing war and the perhaps limited facilities in Kabul can be sourced.
Comparison Between Classroom and Web Conferencing Presentations with Adobe
Connect
It was demonstrated in a previous study that there was no significant difference between a
group of students who attended the Material Requirement Planning (MRP) class virtually
(using a pre-recorded lecture) or in a face-to-face manner. The disadvantage with this
online approach was the lack of interactivity with the instructor.
In this research, a comparison was thus done with a live web conference (in real-time,
thus allowing for real time interaction) and a classroom session.66 In addition, a pre-test
was provided to students to validate the knowledge level of students prior to the lecture in
classroom or through web conferencing. The course was on Production and Operation
Management with 42 students. 11 students participated from home using Adobe Connect
Professional. The same instructor was used for both the classroom and virtual classroom
presentation. An assistant monitored a second computer for any text chat commentary
from students and a third computer was used for monitoring the PowerPoint slides
(presumably to confirm the quality of the presentation). A pre-test was administered to
both groups one week before the lectures. The first post test on knowledge level gained
was administered 10 minutes before the class finished. The second post test was done
using WebCT Vista, also on knowledge level. Three dimensions were used in assessing a
student's ability to learn: ability to retain information, ability to understand information
and ability to apply the knowledge. The scores of the second post test confirmed no
significant difference between both groups of students. However, students were not that
enthused with Adobe Connect. It was suggested that the previous research, in using a prerecorded lecture that was done to a high standard, might have been better than the more
spontaneous virtual classroom presentation. There were also technical problems with
student microphones not working and in sharing an application and also simultaneously
text chatting and talking to students.
The students did confirm in their surveys that the instructor was the most important factor
affecting the quality of learning (through Adobe Connect). Audio quality was next, the
environment and video quality were rated lower in sequence.
Assessing the Effectiveness of Synchronous Content Delivery in an Online
Introductory Circuits AnalysisCourse Presented in Dual Mode67
A comparison was made between two groups of students being presented with an
introductory circuits analysis course; one group in the classroom and the other through
synchronous web conferencing (using Elluminate as part of the CCC Confer software) at
Canada College (part of the California Community College System). All notes were
created using a Tablet PC, allowing the user to write directly on the computer screen with
a stylus, thus providing an added advantage in terms of working with sketches and
mathematical formulae.
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There were 25 online and 30 on-campus students. Although the online students could
participate in the lectures synchronously, the majority (67%) elected not to because of
scheduling conflicts and downloaded lecture archives on a weekly basis (compared to
15% on-campus). The course results indicated identical outcomes with similar retention
rates for both groups (with 84% for online). This was considered an excellent outcome
for the online students as the on-campus students had the additional opportunity to attend
the associated lab course and they were more likely to be an electrical engineering major
(thus making this course far more popular).
The online students found the ability to review the archives at their own pace valuable
and were not in any position to be able to attend the on-campus course. What is a useful
result here is that even though the students were given the flexibility of not attending the
lectures (meaning that they could procrastinate and thus fall behind–leaving everything to
the last minute), these students were so motivated that this was not an issue. Perhaps, the
requirements for provision of the completed assessments every week kept them up to
date?
Taking Stock of Web Conferencing at a Large Australian University
In 2008, the University of South Queensland had more than 75% of its 26,000 students
studying at a distance. A large percentage was characterized by being mature age and
having full-time jobs. Some observations on the use of web conferencing using the
Elluminate software were:68
•

•
•
•
•
•

•

Web conferencing is particularly effective for mathematics and science disciplines
with it superior ability for interactive visual and audio tools especially when
dealing with complex concepts.
A stronger creation of interaction and great flexibility with choice of recordings or
live sessions.
Instructors may find the immediacy of this technology challenging and may be
sidetracked into the technology rather than staying focused on the teaching.
There were some concerns about value for money with this technology with a
lower attendance at an online session than with the equivalent classroom session.
Infrastructure (e.g. headset and webcams) needed attention to deliver the required
results.
Specific concerns from staff included issues such as the need for a reliable
technology that is designed for easy and intuitive use. Existing pedagogy should
be enhanced by new software rather than having it thrust on staff as an additional
requirement. Additional workload would be created with this approach and there
was some difficulty in agreeing on the optimum time to conduct the live sessions.
Finally, it was observed that there are some tensions between asynchronous
(“Flexibility comes from asynchronicity” was one comment) modes providing
flexibility (which is what mature age working professionals want) against the
increased interactivity and flexibility of the synchronous approach.
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Recording of Lectures
A study was conducted to investigate whether a software package, Panopto, improves the
learning experience for students in an engineering technology program.69 Panopto records
lecture sessions including the video, audio (including speech to text) and screen
components and allows search facilities. The study compared traditional on-campus as
well as distance education students for one course for 43 students ranging in age from 20
to 53. A switching replication design was used in which all participants undertook both
control and experimental classes. The first four weeks of the distance learning class were
conducted as per normal with the Blackboard Vista LMS populated with written
materials and weekly quizzes. A weekly Centra web conferencing based problem tutorial
session was conducted to go through challenging parts to the course materials. Students
in the experimental group were allowed to watch the recorded Panopto broadcasts of the
on-campus class. Students in the control group were only allowed to read course
materials and ask questions through email.
The results of the survey indicated that most distance learning students felt that the use of
Panopto enhanced their learning experience. However, no tests were done regarding
whether it improved course results. One technical drawback with the use of this software
was the difficulty for the distance learning students in hearing students’ verbal
interchanges in the classroom due to the lack of an appropriately sited microphone. In
addition, distance-based students wanted an immediate method of interaction with the
instructor, presumably regarding issues raised in the recording.
Problems with Online Education
An online graduate level mathematics course in electrical engineering was presented at
California State University Northridge using Elluminate and a Smartboard, and the
results were discouraging with a high level of frustration.70 Most (90%) of the 10 students
had not taken an online course before with only 40% indicating they would be prepared
to undertake an online course again. Only 40% indicated they spent more time studying
in an online class than a classroom-based session. A rather strong assertion was made that
online instruction should only be engaged in when there is no other alternative. Smart
classrooms with face-to-face instruction were the preferred option.
Major problems for online education included changing the attitude of faculty, being able
to expend more money in acquisition of learning resources, retraining of faculty to the
new paradigm, the need for students to adjust their approach to study with considerably
more self-study required and, finally, the need for varying quality of online education to
be continually assessed.
Internationalization of Engineering Degree Programs
Videoconferencing was used to support an internationalization program of Lafayette
College for their undergraduate engineering program in countries in Europe and Africa.71
In one example, students from the sister college in Brussels were taught through video
conference of three hours per week by an instructor based in Lafayette College in
Pennsylvania. A highly interactive format of discussion of course materials and
homework was used.
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Mobile Webcams Add Value to Construction Course
Proper understanding of construction management requires a good grasp of the
application of techniques in management and technology in the context of the actual
construction site.72 This can best be illustrated by a site visit. However, it is not always
possible for students to make the physical visit due to timing issues, excessive numbers of
students based on the site restrictions and general logistics considerations. Feedback from
students indicates that field trips are often more interesting than lectures and labs.
Thus a mobile videoconferencing facility from the classroom to a construction site was
devised based around a wireless webcam. This was for the undergraduate students of
Building Construction Management at Purdue University with analysis done on field trips
conducted in 2006 and 2007. Although this was admittedly designed for classroom-based
sessions, it could be usefully employed for distance learning.
The first field trip demonstrated infection control planning and procedures in a
construction site based around an occupied healthcare facility and the second examined a
foundation stage for large hospital addition.
The communications architecture was based around combining microwave wireless audio
and video with videoconferencing equipment (Tandberg 880). The key elements of
equipment comprised an audio headset and transceiver transmitting to a field wireless
audio base station connected to the field codec and thence to the internet (and classroom).
The helmet mounted camera was connected to a local transmitter through a cable that
wirelessly transferred the data to a field video receiver and thence the same field codec as
for the audio signal, noted before.
The classroom was connected to the internet through the Tandberg videoconferencing
facility and the microphone was used to converse with the field guide on-site.
There were a number of challenges relating to limitations in internet bandwidth at the
site, the loss of the wireless audio signal through buildings (effectively because of the
steel or ferrous reinforcing) resulting in intermittent operation and firewall issues at the
job site. Other issues were that an expert on the equipment was required on-site, the high
cost of the equipment (~$20,000) and unpredictable performance of equipment (e.g. large
objects on site interfering with signals, helmet-mounted camera required steady aim and
lighting quality varied).
Overall, the benefits to the class would be balanced by the cost and complexity of the
equipment set up and operation would make this very hard to sustain without significant
effort on the part of the organizers. It was, however, considered a worthwhile endeavor
with future improvements to wireless internet connectivity helping simplify and make the
overall system more reliable. For example, 3G and 4G mobile phone telecommunication
networks can be used cheaply and effectively in a wide variety of areas–although
construction sites are often located in areas where the communication infrastructure
hasn’t been set up as yet.
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Key Points and Applications
Chapter 5
The following are the key points and applications from this chapter entitled: Synchronous
Online Fundamentals.
1. Synchronous online learning can mean inflexible learning (with fixed time for
sessions) and is often contrasted to the considerably more popular self-paced
asynchronous format. However, synchronous online learning generally has a
considerably lower attrition rate due to the tighter connection between student and
instructor.
2. Different types of synchronous online technologies include:
• Webcasting: Broadcasting of sessions with limited interactivity from the
students.
• Webconferencing: Interactive audio/video connection between learners
and instructor.
• Webinar: Internet conference (similar to webconferencing) with limited
interaction.
• Virtual classroom: Grouping of students with instructor-led training (e.g. a
webinar).
3. The functionality of web conferencing includes:
• Slides presentation.
• Audio and text chatting.
• Quizzing and polling of participants.
• Use of emoticons for feedback.
• Whiteboard to scribble on.
• Application sharing of programs.
• File transfer between participants.
4. Reduce “transactional distance” by good dialogue, providing a well defined
structure (procedures and requirements for students) and allowing for more
autonomy (e.g. greater convenience).
5. Activities that can add value include:
• Presentations by subject matter experts–no matter where they are located
in the world.
• Learning events to provide participants with skill and knowledge to apply
in their workplace.
• Magnetic brainstorms where everyone puts contributory text onto the
community whiteboard (e.g. safety tips).
• Getting selected participants to provide solutions in problem solving or
troubleshooting.
• Breaking group into break-out rooms.
• Grid Completion where selected participants complete a grid on the
whiteboard..
• Brainstorming ideas in groups or break-out rooms.
• Getting a panel of experts to do a presentation on a researched topic.
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• Quizzes and Polls that add vitality to an otherwise boring presentation.
• Case Study analysis which the group views using video or audio and then
analyses and proposes a solution.
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Chapter 6
Best Practice in Web Conferencing
“Live as if you were to die tomorrow. Learn as if you were to live forever.”
– Mahatma Gandhi
Chapter Contents
6.1
Introduction
6.2
Preliminary Considerations
6.3
Before the Actual Session Commences
6.4
During the Session
6.5
After it is All Over
6.6
General Issues
6.7
When Things Go Wrong
6.1
Introduction
Although perhaps intuitively obvious, it is difficult to see asynchronous tools establishing
the same sense of presence, immediacy and interactivity as in a face-to-face meeting.1 It
should also be remembered that what worked in a classroom will not necessarily work in
an online distance learning environment.
As has been alluded to earlier, the authors are especially enthusiastic about the
opportunities afforded by synchronous e-learning. This chapter of best practice in this
area commences with an examination of preliminary considerations and then in looking
at before, during and after a session. General issues will then be described. This chapter
will be concluded with the rather thorny issue of how to handle a session when things go
wrong (as they are wont to).
6.2
Preliminary Considerations
A list of design requirements for the ePresence webcasting package is useful to consider.2
These are broken into five categories: Participants, Media, Interactivity, Archives and
System.
Participants
•
•
•
•
•
•
•
•

Identify and support the needs of the various types of participants (such as remote
and local participants, speaker and moderators, archived broadcasts).
Design for scalability.
Support a variety of platforms (such as Windows/Apple/QuickTime/Linux).
Give priority to support of remote participants over local participants.
Design the classroom where the session is being presented for speaker, audience
and webcast.
Ensure the moderator provides significant support.
Ideal class size is between 18 and 20 people with an absolute maximum of 25.3
Keep the online learning experience shorter than the equivalent physical
classroom session.4
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Make sure all potential participants have an easy way of logging in or if there are
problems here, an email to use (this rarely fails) or a phone number to call and report a
possible problem.
Media
•
•
•
•
•
•
•
•
•

•

Ensure that priority is given to providing quality sound over quality video.
Check out the equipment (such as audio/video) and software well before the class
commences.
Do not restrict speakers to only PowerPoint but use other aids such as
whiteboard/web surfing, software demonstrations.
Emphasize quality slides and screen capture over video.
Create a heightened sense of presence by using high quality video.
A high quality headset (and amplifier) is essential for the instructor.
Schedule and allocate the time carefully.
Add in videos, webcams and demos to illustrate the presentation.
If there is a considerable amount of reading and thinking required, consider
recording your presentation, mailing it to everyone and using the presentation to
discuss it (as a tutorial).
Ensure slides are strongly visual with minimal text and don’t inundate your
audience with animations or irritating audio sequences.

Interactivity
•
•
•
•

Emphasize interactivity with public chat and minimize transmission delays.
Remote viewers should be able to independently control slides and access web
materials.
Provide archiving of all materials in a non-linear fashion that can be viewed
interactively with annotations.
Build in other activities to your presentations such as software demonstrations /
tours of websites and walk through remote labs to liven interest, but ensure it is
easy to follow and is not a complex process otherwise you will lose your audience
or have distracting questions about what to do next. Watch out for bandwidth
limitations of your participants’ systems for any demanding applications.

System
•

Archive all user experience materials and activities (such as chat) for later review.

Instructor
•
•

You have to be responsible for driving the session and maintaining a high level of
energy to keep all the participants engaged.
Target students to actively participate at least 80% of the time with a maximum
length of 60 minutes for a session.
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•
•
•
•

•

Get familiar with your hardware and the software.
Get some experience as an online learner–join other sessions. Learn what makes a
good session, and what you’d avoid. How can you be a “good participant”?
Make sure your email filters will accept new senders–or at least let you decide!
Have Plan B in place–don’t rely on one experiment or one topic. Have back ups
ready to go: back up slides; back up subjects and hardware too. Have spare
batteries and even a spare PC on standby.
Consider how you will handle online learning issues: lag time in discussion,
sound issues of participants, talking into silence (without cues)?

With the focus on the technology, the instructing faculty have perhaps been neglected
adding to resultant reluctance to bring any technology into the classroom. Some
suggestions to build their enthusiasm up in experimenting with these new approaches are:
•
•
•

Provide them with a thorough introduction to the technology available to use that
will fit their needs.
Provide professional development training and advice in the technology available.
Provide incentives (financial and time) to engage in these new approaches.

Environment from which you Broadcast
In scurrying around trying to focus on the technical issues with web conferencing, one
area that is often neglected is the room from which you are broadcasting.5
If there are multiple presenters, they should preferably be in close proximity so that they
can “eye ball” each other for any refinements or queries during the presentation. All
background noise should be eliminated (this is especially irritating with recorded
sessions) and carpeted floors and thick walls will help with quality of audio and to
minimize any echo.
6.3
Before the Actual Session Commences
The time before the session starts is critical to ensuring a successful session. Some
suggestions are:6, 7, 8
•
•
•

•
•
•

Practise and rehearse your presentation using the technology so that it is
extraordinarily good. You are playing with fire if you decide to “wing it”.
Make sure that the student is comfortable and able to use the facilities.
Use the various tools effectively–both you and your participants, whether this be
hand-raising, question-and-answering, quick polls or quizzes/surveys. With
breakout groups, make sure the participants know exactly what is going on and
why you are breaking them up into rooms, as well as what you expect them to be
doing in these rooms.
Ensure supporting course materials are ready before the sessions.
Keep the groups small for discussions. The technical challenges and virtuality of
the participants can make a larger group session difficult to manage productively
Make sure you are aware of your audience’s environment and interest level.
Tablet and other mobile devices can have considerably smaller screens.
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•
•
•

•

•

•
•
•
•
•

•

•
•
•
•
•
•
•
•
•
•
•
•

Ensure the student knows exactly what the technology requirements are with such
elements as microphone/speakers and (generally) broadband internet.
Detail the objectives of using this technology as well as the learning outcomes
expected from use of this technology.
Be flexible in the application of the technology in terms of the number of
sessions, duration and the students’ other commitments (e.g. make recordings
available).
As participants will often log in well ahead of the session commencing time;
ensure there is a comprehensive set of introductory looping slides (or at least an
introductory slide), providing details of when the session will commence; what
the topic is and why it is so beneficial to attend and how to test out
microphone/audio and video.
Alternatively, a more specific strategy is to open the room up at least 30 minutes
before the session and leave a note on the whiteboard as to what is happening and
any tips to get maximum benefit out of the session coming up ranging from how
to use the package to the actual content of the material being covered.
State what time the session commences.
Provide a picture of you, your name, title and email address details.
Provide a contact phone number for use if there are problems (and a conference
phone number if this is required).
State what typical problems may occur and what to do about them.
Practise your session intensively to ensure you deliver without overshooting your
time allocation. Ensure your co-presenters are similarly able to present
professionally.
Start your session strongly and on time, with an attention grabbing slide, a hook
slide (e.g. a statistic or startling comment) and then in selling the benefits of
attending. Give a simple roadmap of the session with clear objectives and
structure.
Ensure the web conferencing package is operating smoothly (and that everyone is
given the correct access codes).
Turn off other distracting telephones (including mobiles).
Close your office door with a “Do not disturb” sign.
Switch email and instant messengers off (unless you are using them for
communicating during the presentation).
Load up the presentation slides in your web conferencing system.
Have presentation materials (including slides) in hard copy next to you.
Ensure that all participating speakers have rehearsed and know when to (and
when not to) interact.
Have the breakout room activities (with leadership in these rooms) clearly
defined.
Define close-off approach and give out responsibilities.
Convert slides using PowerPoint converter, if required by your package
Make sure you have the web link for the webcast.
Make sure you have the attendance list for each webcast. This should have been
sent to you by your online learning coordinator.
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•
•

Upload slides into the webcast room well before the event commences.
Configure audio (Tools/Audio/Audio Setup Wizard).

At the Start of the Session
“Walk around” to all your participants and ask them to confirm their presence. Due to the
time delays, set the program or structure; you will be driving the sessions and will ask for
a response from everyone in turn. If you don’t set the parameters in the beginning you
will have the inevitable circus with people randomly butting in with terrible results. You
are the facilitator and have to show leadership.
Get the participants to indicate who they are and comment about their sound. The best
way of starting off is to confirm their name and ask them to tell everyone about the
weather in 20 seconds. This confirms their sound quality and you can then move onto the
next participant. Also get them to confirm that they can raise their hands and text a
confirmation as well. Get them to text a short message to join the session. For example,
get them to give their nickname. This confirms that everything is working and enables the
instructor to take any corrective action at the beginning to fix any technical problems at
the outset to avoid any disappointed participants.
Other essentials:
•
•
•
•
•
•
•
•
•
•
•
•
•

•

Don’t forget to check how to start your recording.
Go through back up procedures of what to do when communications fail.
Inform the audience of procedures to follow; in the worst case, they can get a
copy of the recording after the presentation.
Tell participants what to do if your connection fails–wait for 10 minutes before
leaving, watching for an email from you.
Let each student test his or her microphone at the start, then press “record”.
Publicize your ground rules for all participants.
Log on 15 minutes before the start of the meeting, since some online products
require downloads and installation.
Be aware of background noise.
State your name when you speak.
If you catch yourself multitasking, be responsible for your full participation.
Turn off cell phones and PDAs
Stay out of your email.
Use a webcam to introduce yourself; try and ensure you have a favorable neutral
background with excellent lighting (not a gloomy swamp background) and look
into the camera to drive a connection to your listeners.
When you want the audience to concentrate on the slides (complex content or
graphics), turn the webcam off.

6.4
During the Session
Bear in mind that most participants would have been exposed to online videos (which are
often very slick and professionally choreographed) so you have to make this session even
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more valuable by building on the naturalness of the medium and interactivity of web
conferencing. Remember that you only have a short time in which to make an impact.
Here are some suggestions:6, 9, 10, 11
•

•
•
•
•
•
•
•
•
•
•

•

•
•
•
•
•

•
•
•
•
•

Make the presentation as interactive as possible and avoid monotony. Engagement
between instructor and all students should be at least every 2 to 3 minutes. Lack
of activity or dead silence is the kiss of death for this medium.
Focus on student learning.
Be careful about allocation of microphone usage for all participants.
Emphasize ongoing feedback from all participants during the presentation.
Keep an eye on the public chatroom for any pointers during the presentation.
Drive a good atmosphere during the course.
Record the presentation, if possible.
Let the participants assess the presentation at the conclusion.
Be positive, friendly and supportive to the students who may be somewhat
intimidated (at least, initially) by the technology.
As real learning requires a high degree of participation, ensure that the session is
much more than a one-way broadcast from instructor to learner.
Try and maintain usage of familiar software tools (such as PowerPoint) rather
than expecting learners to learn new versions of these tools within the web
conferencing environment.
Assist the learners in focusing on the online class by interacting with chat and
status icons. Highlight to the others in a learner’s office, that the learners were
busy by keeping a headset on, having automated replies to emails and posting a
physical “Do Not Disturb” sign.
Maintain the enthusiasm and interactivity with regular ice-breaker activities
(especially after refreshment and lunch breaks).
Regular interaction is required from the instructor to keep interest at a high level.
Use virtual breakout rooms for individual teams with rotating team captains to
keep a high level of interaction.
Set up a whiteboard or wiki space where learners can post their comments on the
course especially for questions and suggestions.
Enhance the synchronous learning experience with asynchronous activities such
as assignments, reflection, assessments, collaboration, research, interviews with
local workers and course evaluation.
Above all, technical support for unexpected glitches should always be available
from the producers.
Use your voice effectively by varying your intonations and inflections, use
appropriate humor and passion, and keep your enthusiasm and energy up.
Keep a high level of pace in presenting with the PowerPoint slides, with vibrant
color/images and avoidance of text.
Avoid sinking into a monotone with the “death by PowerPoint” experience for
your audience.
Chat to the audience as you would over the fence to your neighbor–do not lecture
them. You need to constantly sell them throughout the presentation why they are
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•

•

•

•
•

•
•
•
•
•

•

learning each nugget of information and why it is of use to them.
Use additional presenters to add vitality to your presentation with additional
questions, interesting discussions, (controlled) disagreements with each other, and
help with time management. This has to be done in such a way that although it
may appear somewhat unpredictable, it is not confusing to the audience.
Plan also to use technology effectively, such as application sharing/breakout
rooms and web tours to liven the presentation up, but stay away from anything too
sophisticated or “clever”.
Work the conferencing features in your presentation with extensive scribbling on
the slides (annotation), polling the audience with interesting questions (and clearcut simple answers) and encourage interruptions and questions (by your audience
using the tools).
Be as natural and chatty as possible with minimal use of boring one-way lecturing
that no one listens to.
Use a tablet to write and sketch on the whiteboard to make the session as natural
and on-the-cuff as possible. One of our instructors uses virtually no PowerPoints
and simply writes and sketches on the whiteboard. However, this can be
challenging and exhausting for the instructor.
Drive a high level of interactivity with the audience to build on the web
conferencing strengths as opposed to a one-way video presentation.
Try and involve the audience with much use of “You” rather than third person
text.
Use memorable stories or anecdotes to illustrate your points. Be wary of humor
(apart from being deprecatingly modest on occasion).
Use simple understandable English; complex phrases or explanations generally go
completely over your audience’s head.
Ask a question during the presentation of the specific PowerPoint then get the
responders to put their hands up (electronically) and identify one person to
answer. Ensure you ask the question clearly and slowly so that everyone knows
what is coming. The answer can be by answering verbally or by writing on the
whiteboard the answer.
Sound natural and talk with everyone on a one-to-one basis. Interact at least every
1 to 2 minutes with everyone and ensure that they all interact back. Even perhaps
in only using the chat facility. But do not neglect anyone. You can’t do a machine
gun delivery of an entire one hour presentation and expect everyone to listen
continuously. That simply won’t happen. When you are presenting, actively and
continually sell what you are going to tell the audience so that they perceive value
in listening to you.

This medium is a tool kit. Make use of the whole kit for variety. Try to use all of the tools
to make up for lack of physical presence.
Remember that online learning is a totally different teaching environment to a face-toface classroom. It takes a lot more effort to keep students interested in an online learning
session. You have to be more energetic, more interactive and more innovative to make
online learning work.
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It’s important not to cram too much into the 1-hour session. It is impossible to cover the
entire topic within a lecture. Focus on presenting these sessions as tutorials covering the
key or difficult points and involving the students as much as possible. The students
should have read the materials beforehand and should come prepared with questions if
they don’t understand something. Instead, select a few fundamental points to cover, and
spend the rest of the session interacting with your students and testing their knowledge.
At the beginning of the session, there is an air of optimism and excitement. Keep
everyone driven and enthused to the end. Get everyone involved in discussions and avoid
commenting on student’s contributions with a trite, “Great job” but something significant.
You may need to post questions at the beginning of the session to get the participants
thinking of comments to make. It is very difficult for anyone to think of answers when
asked “on the fly”.
When chatting with participants, use lots of white space. It is very daunting for anyone to
read a big wedge of text. As discussed earlier, your job isn’t to regurgitate a complete
book in a lecture. It is merely to review the key and difficult points. The students can go
through the course reading in their own time.
Don’t try and reply to every post. Let the other students jump in and post their
comments.12 Avoid focusing only on a small group in your class. Always try and engage
everyone–no matter how disinterested or negative they may appear to be.
Watch out for cultural issues when trying to create a light moment. Joking about politics
may go down well in Australia but may stir up bad feelings to someone in Egypt who is
living in the middle of a conflict. However, always honor a balanced treatment of gender,
religion, culture and different nationalities.
In online learning, it is suggested that having the students participating in regular
discussions on the material drives them into improved and more frequent interaction
resulting in better learning outcomes.13
6.5
After it is All Over
The end of a session is short but incredibly important. Here are some ways in which you
can ensure that everyone leaves the session happy:
•
•
•
•

End on a high note with a brief summary that’s quick, powerful and pithy. Include
action items for the audience and contacts for further supporting queries.
Tell your participants what to do next so that they leave energized and
enthusiastic about applying the knowledge gained at the session.
Give them a contact name and details to talk to about any further questions after
this session.
Thank everyone for listening/participating and contributing. If they haven’t, this is
your fault–not that of your audience.
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•
•
6.6

It is vital when corresponding with students to give them quick feedback,
encourage interaction with their peers and address them by their preferred name.14
Remember to stop recording at the end of the session.
General Issues

Design of Slides and Use of Whiteboard
A few key rules include:
• Keep content simple and understandable (the KISS principle).
• Keep to no more than eight lines of text on a page.
• Keep to a maximum of four training points on a page.
• Plain backgrounds that mesh in well with your text are preferable.
• Avoid complex animations and gimmicks.15
Keep your slides short and to the point. In your bullets leave out the repetitive periods, as
these aren’t necessary. Try to build in graphics to your brief text. Overall, your slides
must be simple, easy to understand at a glance, and visual. Well chosen images can make
your presentation very memorable; remember the pictures that appeal to your audience.
Big flashy pictures of consumer related items might not appeal as technically interesting
items which engineering professionals like to see (e.g. a plan or a technical 3D drawing).
Make sure the use of pictures and graphics is consistent with similar colors / fonts /
capitalization of text, etc.
Animations don’t necessarily work on all platforms so avoid them if possible. Clever
animations often backfire as different computers can animate in different ways (or not at
all), as well as taking time to load. If you must animate, apply the poor man’s animation
technique which is to create a sequence of a few slides with the object you want to
animate displaced on each slide so that it appears to move as you sequence through the
slides.
When going from one concept to another and using a transition, try and link the different
concepts together in an interesting and exciting way.
You can allow slides to be independently controllable (so that participants can page
backwards and forth). However, the reason most often cited for this method is that remote
attendees only focus on the speaker 44% to 56% of the time, with the remainder of the
time reading or doing other work. This is hardly an encouraging trait for absorbing what
can often be challenging learning materials.16
Quality slides and screen captures are more important than video. This should take up
most of the screen with video a poor second, unless the video is showing something of
equivalent importance to that of a slide.17
There is always a debate about giving out a pdf copy of the slides before a session so that
a participant can print them out and then mark up with notes as they listen and interact in
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the web conferencing session.18 We believe in giving out the slides beforehand but others
prefer to make it a surprise. Some instructors dynamically (with great energy) write on
the slides which often comprise only graphics with no text as they present, so handing out
these blank slides beforehand may not be that meaningful.
Quality of Audio and Video
Be wary about video. It can be challenging in terms of using excessive bandwidth and
then being out of synchronization with your audio, and the experience can be poor due to
the low resolution and low refresh rate thus irritating your participants with what they
perceive as poor quality. The two main types used by web conferencing software are
streaming video where there are often delays (or latency) between your audio and the
video. Streaming is great as it buffers on the participant’s machine thus (theoretically)
smoothing out the reception rate and giving a better quality experience. However, this
causes additional delays. The other alternative is peer-to-peer which directly connects the
video source with the participant’s desktop, but there may be some choppiness in the
picture quality.
The quality of audio is extremely important in communicating remotely and is likely to
be noticed more quickly than poor video or slowness in the whiteboard or texting.19 A
video of the instructor (whilst initially regarded as important) becomes less important
than the quality of the audio and actual presentation slides or program being shared.
Nothing is more irritating than cracks and pops (and dropouts) with audio and this will
immediately be remarked upon as a negative. It is vital to always ensure audio quality is
top notch (with minimal delays)–even at the expense of the quality of video.20
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Figure 6.1: High Quality of Audio is Vital
Although the technology has advanced dramatically from the turn of the century when
there were intermittent problems with audio and video, you may occasionally find
problems with audio and you should be prepared to deal with this issue effectively.21 A
few of our instructors insist on having a second client machine which they can watch for
any evidence of slide problems or audio dropouts. This requires a significant degree of
skill in an instructor multitasking (or having an assistant to monitor these issues) but does
enable you to compare experiences with any of your learners who may complain of a
problem and you can determine whether it is a localized problem (e.g. the local internet
service provider) or something more sinister involving the instructor’s machine or the
central server distributing the audio and video. A somewhat subtler but nonetheless
critical problem to watch out for is lack of synchronization between the audio
presentation and the slides. Some of the very low bandwidth connections may result in
there being a significant delay in delivery of your audio to each of the client machines. In
this case, be careful about expecting quick responses to questions. The delay can
sometimes go up to 5 seconds (or, in extreme cases, even 10 seconds).
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Molay wryly observed that most web conferencing vendors try and distinguish their
products by adding new features that are sometimes of dubious benefit in the overall
scheme of things.22 What he feels is very useful, however, is the qualitative performance
of the audio and video that the users receive. Do you see chunky bits slowly updating but
running quite drastically behind the audio? What is the quality of your audio like? Is it
clipped and tinny with intermittent drop-outs? Is video and audio synchronized? Finally,
what is the quality of the recorded version to the live version? Is it of a considerably
poorer quality?
Based on our experiences and that of Molay’s (and notwithstanding the current hype to
provide streaming video for all applications), audio is still one of the most important
elements of a web conference and this should always be emphasized. Failure to do so will
result in unhappy users who will quickly get irritated with audio dropouts and poor
quality sound.
Obviously, it is impossible to cope with every situation. Some users have impossibly poor
local bandwidth conditions and there is not much you can do about this. Hence, when
running a large session to a few hundred people, you should listen carefully to the
complaints from one or two unhappy users with poor audio, but don’t take them to heart
if you believe it is related to a local user’s bandwidth condition or overloaded computer.
Suggest to the unhappy participants that they should log off and view the recording later.
Full Duplex Web Conferencing can be Tough to Manage
Although having one’s audio set to allow only one participant to speak at a time (half
duplex) for web conferencing can feel very clumsy and inflexible, one should be careful
about allowing full flexibility in audio capability for everyone, even though this feels
considerably more natural and avoids speakers forgetting to press the talk button.23
Typical problems reported in the past with a WebEx presentation included cell and office
phones ringing during the session, unmuted microphones, external people talking to
conference participants, on-hold music playing, radios in the background, and webcams
of some participants enabled–all significant distractions from the main presentation. It
was recommended before an event begins, that the moderator should disable everyone’s
microphones and webcams to eliminate these distractions.
The best way to interact with someone as you are presenting is via text. Open audio lines
are fraught with problems, so be wary of them. VoIP technology is a bit more risky than
conference calling over the old telephone system (which is so brilliantly reliable), so
assess your risks carefully. Obviously VoIP’s advantages are simplicity (it is integrated
with your web conferencing software and simple to use) and low cost.
Driving a High Quality Videoconferencing Experience
As discussed earlier, there is a significant difference between classical videoconferencing
and web conferencing (which is what we have focused on), but it is worthwhile assessing
some of the specific problems with videoconferencing that one needs to minimize or
avoid, as they would also apply to a web conferencing experience.24
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Probably the most obvious one is the lack of knowledge and training in
videoconferencing with most organizations. In addressing this issue, a high level of
familiarity with the hardware and particularly software is critical.
Other necessities include:
•
•
•
•

Having a central person to co-ordinate the activities between the different sites.
Having standardized equipment (hardware and particularly software versions) at
the different sites.
High bandwidth to ensure high quality audio and video is transmitted between the
different sites.
A carefully assessed and handled group dynamically dealt with by an experienced
presenter and moderator.25

One interesting challenge that has arisen in the past with the videoconferencing (and to a
lesser extent with web conferencing) is the issue of the mutual gaze between presenter
and other participants where modern videoconferencing equipment did not support a
natural mutual gaze between instructor and learner. This was because the camera was
mounted on top of the monitor with the result that other person’s eyes were displaced
vertically downwards (as they were looking at the computer monitor). The participants
stated that gaze awareness, where one knows where someone else is looking, is important
as a conversational resource. They suggested that to optimize the possibility for mutual
gaze awareness, the camera should be placed as close to the image of the remote
participant as possible and any horizontal disparity here should be avoided.
It is absolutely necessary to keep the audio and video quality as high as possible. A
number of techniques can be used to improve the experience.
•

•

Ensure that more cues and inputs should be provided from the remote site. This
included such items as verbally explicitly explaining everything a participant did
from handing over control of a computer mouse to indicating they are finished
with talking, ensuring that any actions (e.g., clicking a mouse) are indicated to the
other participant graphically, allowing for varying of the audio and video by the
participants to allow for a richer experience by, for example, panning the camera
around the room, to adding an additional camera to the remote site to allow the
participants to view not only the lab, but the first camera and the participants.
Provide feedback from the remote site in terms of the quality of video and audio
by transferring this data back to the other (local) participant.26

Many have commented on the importance of non-verbal cues in communicating. A
suggestion is to add high quality video of at least 25 frames per second to help in
communicating these cues across. Participants often try and establish eye contact but
because of the camera settings this is rarely achieved. However, the issues inherent in
video are ever-present, as discussed above.27
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The Power of Application Sharing
Application sharing is particularly useful during synchronous lectures as a spreadsheet or
simulation can be brought up during the lecture and the students can then see how a
change in one part of the spreadsheet causes changes elsewhere–all in real time. This
approach with live interaction with students in application sharing may even be more
powerful than during a traditional classroom session.
As ever, instructor preparation is absolutely critical. Nothing can substitute for an “onthe-ball”, enthusiastic, dynamic, alive and well prepared instructor. A further suggestion
is to break up recorded lectures into tiny bits (similar to learning objects) so that they can
be listened to (and viewed) in podcast format.28
Texting Skills for Discussion Leader
Although it is obviously vital to be pro-active in introducing topics, keeping your
participants engaged and summarizing the key points in a discussion can be difficult.29
Not being a face-to-face setting can be daunting as you can’t see the other participants
and pass non-verbal cues between each other. If everyone is not able to see the other
using video cameras (even a thumbnail would help), you can resort to using emoticons.
Typically, emoticons you can use in text or via the selection mechanism in the web
conferencing package are:
:-) smile
:-( sad
=) happy
;-) wink
See pc.net/emoticons for more examples.
It is important to maximize discussion and interaction from the less talkative participants
in a session, and this entails the instructor avoiding dominating the discussion.
To Record or not to Record Your Presentation
The question of whether you should post up a whole or partial recording of the event is
sometimes a difficult one if you’re trying to encourage participation at your live event.30
We have tended to do this after a session, although the spontaneity can be lost to some
extent. People are more likely to have a shorter attention span when looking at a
recording compared to a live interactive web conference. An alternative is to consider
another live session but often this isn’t practical, so some basic cleaning up is in order;
get rid of the introductory housekeeping and admin type comments and zero in on the key
presentation. Eliminate pauses (this is the kiss of death with synchronous presentations),
stumbles, “umms and errs” and ensure the audio is balanced and at the right volume. If at
all possible, try and break the recording up into logical smaller segments. You could even
produce a completely new recording based on the presentation and designed for the
audience.
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Events should be made available for viewing after the event. Some evidence indicates
that viewers of archived videos number approximately 40% of those who watched the
live session.31
Ensure videos are recorded in such a way that they can be accessed at any point. Most
viewing sessions are only for part of the video.32
Online Meetings
A slightly different approach should be followed for an online meeting as opposed to an
online presentation. These should be kept to a maximum of 60 minutes or less with
typically six participants (up to a maximum of 20).33 A typical structure is as follows:
•
•
•
•

Objective of the session.
What is going to be discussed in the session.
Who will be doing what as a result of the meeting.
Who is going to be presenting during the meeting.

In order to keep a meeting engaged, have rotating facilitators and note takers. Send out
the agenda before the meeting with space for notes. However, don’t send out the slides
before the meeting otherwise people probably won’t bother to attend. Try and liven it up
with quick tips on improving the meeting/a highlight of the day for a participant and try
and ensure some collaboration during the meeting. Finally, assess the performance of the
meeting with a quick poll so that improvements can be made for the next one.
Rather than simply replacing face-to-face meetings, we should seek to do innovative
things with these new web conferencing technologies to work with and influence an
audience at a distance. The important issue is for you to answer the question, “What’s in
it for me?” and as it is so extraordinarily easy for your desktop audience to multi-task and
be distracted by other things (especially email and the web), you have to keep your
presentation riveting and dynamic with lots of activity, otherwise you will lose them. It is
vital to interact intensely with your audience. The only way someone learns is by being
actively engaged in your presentation.
When you commence your presentation, you have to clearly outline to your audience a
roadmap of where you getting them and why this is going to help them. When finishing
your presentation, always do so on a high in a memorable way. Don’t drift to a finish and
ruin all your previous good work.
During a webcast please remember to make a note of students who contribute to
discussions or ask questions–students receive participation marks for the course.
Interactivity
This has been discussed in Chapter Three, and the issues with synchronous online
learning will be discussed here.
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Interact! As you can’t see them you can’t really gauge if they are paying attention,
reading a book, asleep or even there at all, so make use of the tools you have and keep it
interactive as often as possible. We don’t just want a one-hour lecture as the students may
as well view the recording; we want to offer them something they look forward to and
gain from.
It has been suggested that questions and answers are the most important features for
interactivity.34 These should be built into the presentation and should be also present at
the end of the conference. A few pre-scripted questions may be useful to get the
appropriate level of interactivity with the participants. Text questions should be submitted
through the web conference, as these are non-intrusive. Preferably someone other than
the presenter should answer these “on the fly”. Audio questions are also very powerful
but the presenter must be able to handle the questions and a possible overload from
individual questioners.
One of the most frustrating things we find in watching instructors present using
synchronous online learning is the lack of interactivity with the participants.35 Obviously
the main reason for performing the session is to transfer knowledge to the participants.
But flicking through a bunch of PowerPoints and speaking with machine gun precision
delivery is the surest way to lose your students. Absolutely no learning will take place.
The key term is interactivity between participants and instructor, and the learning doesn’t
simply take place from instructor to participant; it is distributed. Without any shadow of a
doubt, the instructor can also find the whole process frustrating if she is talking to a
computer screen and with no feedback it can be enormously draining and downright
discouraging. The “trick”, we believe, is to encourage the participants to keep thinking
and interacting with you the instructor and the other participants. Simply talking to a
group of participants with a pack of slides is a disaster. People learn very little by only
listening to an instructor. They have to be massively involved and learning along with
you.
The other important point with training done using online learning is to make it more
learner-centric where the instructor plays a facilitating role (“the guide on the side”), as
opposed to the traditional classroom model where the teacher or instructor is the key
player (“the sage on the stage”). Following on from this train of thought, you should also
realize that you do not need to transfer all the information across in the hour or so you
have available in an online learning session. All you do is to go through the key or
difficult points and design the follow-up work so that the learners will undertake the
remaining acquisition of knowledge themselves. This is in contrast to the classroom
session where the instructor tries to cover all the information required. As the instructor,
you’re mistaken in trying to cover all the materials in an hour session and ending up
gabbling through a truck load of PowerPoint slides. This will definitely make for an
unsuccessful session.
The whole online learning approach is not intuitive for the older hands. The younger
generation are completely relaxed with their texting, email and Facetime but for the older
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generation, things are more challenging and we have to realize this in working with them
in this great new technique of learning.
When presenting with PowerPoints, you have to realize that the classroom approach of
talking through 10 to 20 slides without any feedback or interactivity is not effective. You
will lose your students after the second slide. There are simply too many distractions on a
computer–reviewing emails/browsing the web; the list is endless. It’s not as if you’re in
the classroom looking over the shoulders of students to see if they’re working–although
you can actually do this with many software packages.
Techniques to Raise Interactivity
Interactivity is critical to the success of the synchronous online learning course and a few
suggestions for improving the level of interactivity are as follows:36, 37
•
•
•
•
•
•
•
•

•
•
•
•
•
•
•
•
•
•
•
•
•

Turn bulleted lists into a series of true and false questions to be answered by
participants.
Replace keywords with blanks in the course manuals. Participants will have to fill
these in during the presentation.
Perform evaluations online as the material is presented.
Request the participants to summarize the key points for each section of the
presentation.
Require participants to diagram materials covered using the electronic
whiteboard.
Interact with participants by presenting problems to them to solve and then
picking a volunteer to explain to the group.
The online learning session should be planned with explicit notes for the
instructor.
Ensure all course materials are carefully numbered (e.g., slides/pages) so that
participants know exactly where they are and can thus interact more freely with
their peers.
Assign homework for the participants where possible.
Promote critical thinking.
Provide relevant (authentic) and engaging lectures.
Place your biography online to increase your credibility.
Praise students’ quality work.
Weave in stories to the class discussions.
Make the online interaction flexible.
Ask spot questions throughout the class.
Start a class discussion.
Ask students to work out calculations on the whiteboard.
Take students on a web tour.
Split them into breakout rooms and bring them back to present to the rest of the
group.
Have a session at the end where you turn on your web camera so they can see
you.
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Finally, in reference to an online software engineering course, a suggestion is made for
maximizing the interaction between students and instructors especially using
diagrammatic techniques.38
Inflexibility Improves Learning
Although a study found a tendency for students to rate their online courses slightly lower
than for the equivalent classroom sessions, there were no statistical significances between
learning and teaching for online and traditional classroom sessions for 600 students in 28
pairs (online and traditional classroom) of courses.39 However, it is vital that to achieve
this, students participate in the classes simultaneously with fixed meeting times during
the week. This eliminates some of the flexibility inherent in online learning; however we
design courses so that we fit the times to be as convenient to the student as possible (with
multiple times because of time zones) and they have recordings for those that they
occasionally miss. A key adjunct to this is to set up permanent synchronous “meeting
rooms” where the students can meet to work on small projects together, share notes,
prepare presentations without having the inconvenience of physical meetings.
Best Online Instructors
Much emphasis in the literature has been on best practice (in terms of the “science”) in
online teaching but very little on the “art” in which instructors can create the finest
learning environments.40 The three ways of achieving this are:
•

•

•

Encouraging engagement through effective student interactions with instructors,
fellow students and content. This can be achieved with the use of humor, in
making content more interesting and in ensuring instructors are more
approachable. Videos, blogs, wikis and discussion forums should also be
effectively deployed.
Stimulating intellectual development, making extensive use of questions
(especially in getting the student to ask and answer their own questions whilst
studying). A clever method is to ask a question at the conclusion of the class for
students to consider before the next session.
Building a rapport between students and instructor by building up a strong sense
of trust. This can be kicked off by an initial phone call to the student and in
understanding the student’s background and personal constraints. It is vital that
students also get to understand their instructors.

A Few Final Tips
There is a timer built into most web conference packages and this should be used to
activate a buzzer 5 minutes before the end of the presentation. This allows the instructor a
few minutes to wind down the session without appearing rushed. At the conclusion of the
session, the instructor can give three options: no further questions–log off, stay on for
another 15 minutes to listen to other comments and finally, stay on as long as you want to
go through all the tutorial again (and only terminate when the instructor has to move on).
One of our instructors, Dr. Rodney Jacobs, reported a very interactive session of one hour
with students from throughout the world which then only finished after a further two
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hours due to a student in Japan asking a ferocious number of questions about the
materials.
It is a marvelous feature to be able to show resources on your desktop, especially over
programs like Skype. However, close all your other applications and suppress any
embarrassing and unexpected pop-ups that will appear during your presentations. It is
also always useful to have an assistant to handle the technical and logistical glitches (for
instance, a participant has lost her assignment document or needs help with her speakers)
when they come up.
6.7
When Things Go Wrong
Remember that a measure of success for your web conference is in your participants not
seeing the technology at all but focusing on the actual instructor and resources.41
Despite the number of years that web conferencing has been available in the consumer
world, there is still a high risk that something will go wrong.42 The true measurement of
your ability with this medium is how you handle the problems that inevitably come up.
Obviously, it is important to run through the operation of the software with a new user
well before the formal presentation so that any obvious problems can be corrected. Users
are unlikely to be able to simply switch on their computer and jump into the virtual room.
Build in a backup strategy for both your presentation and the audience. It is often a good
idea to remind the participants that they will receive a full recording of the session and
other supporting materials (e.g. a pdf of the slides and papers), so they should not worry
if their loudspeaker or internet connection fails. For a highly critical presentation, it is
even worth considering having another supporting presenter at a different location with
his or her own computer to pick up if you have a computer or internet failure. It is
important to deal quickly and clinically with complaints from some participants that they
are unable to hear you /or have problems with audio or slides by telling them to log off
and wait for the recording. It irritates other participants and detracts from your
presentation if you have a drawn out litany of complaints over the entire presentation that
aren’t quickly resolved. In the worse case where a problem can’t be resolved, it is best to
tell the participant to log off and that she will receive a recording shortly.
Technology is often what fails–but there are the inevitable challenges with instructors
being sick / having a personal crisis which have to be dealt with.
Prepare all participants for what to do when thing go wrong. Obviously don’t alarm them,
but they will be familiar with the vagaries of the internet and are likely to be
philosophical about any problems (as long as they don’t occur repeatedly and for similar
reasons). We typically tell them that if the audio drops off or the session freezes, not to be
concerned. We will be back. It is the long term presentation that matters. If everyone is
affected, we will reschedule. For one or two that are affected due to localized problems
(their computer freezes, there are internet problems or their loudspeakers don’t work), we
promise a recording of the session.

200

At the opening session ensure that you both mention (and reinforce on the slides) that if
something goes wrong you will be regrouping at an alternative time but everyone will be
advised by email, a pretty bulletproof medium that always seems to work. Quick action
and a strong display that you are in control and managing the situation will defuse lots of
problems later. This is where having a moderator or assistant can work wonders and help
you recover considerably quicker by emailing all participants.
While we don’t want to alarm you with the list of problems that effectively kill a session
partially or completely, over the years we have found that the following are the most
common issues (broken into technical and people).
Technical
The simple and most frequent problems are speakers and microphone not working and
inability to run the web conferencing package, as it wasn’t tested well before the session.
In these cases, it is worth testing out at the commencement of the session and working
through the setup so that the user can troubleshoot and remedy the problem themselves.
Internet problems are sometimes difficult to control. If connection problems are
intermittent, it is worth persisting with the session. A firewall problem (often corporate)
is difficult to deal with at the presentation, as this will block all activity. It is best to get
an expert to liaise with the participant’s local IT support before the next session takes
place.
Use the phone system as a back up for your VoIP audio being streamed through your web
conferencing package. As soon as you identify there is a problem with audio, simply tell
the particular participant to dial in on a phone number where you bridge them into the
web conference.
Power failures–the instructor loses his power and then can’t present. A colleague of ours,
Dr. Rodney Jacobs, who has been presenting to engineering professionals over many
years has some valuable tips; all hard won, I might add; “from being there and having
done it”. He has a back up power supply and internet connection; he changes between
ADSL and 3G wireless broadband quickly and effectively. He tells everyone at the
beginning of the session that he may drop out due to power failures (particularly recently
in South Africa) but to hang around for 5 minutes in case he pops back. If there is a
power failure (or he knocks the power plug out by mistake), he plugs in his slower mobile
phone connection. If this fails, he reschedules for another time. Ensure the presenters
have multiple computers so that you can swap over for whatever reason.
You may find that your web conferencing software package is often updated by the
vendor and many functions (e.g. PowerPoint slides won’t upload) suddenly don’t work
properly as some participants have the latest version and others don’t. In these cases, it is
often worth going back to an earlier version of the package or abandoning the session and
sending the recording to the participant later.
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One challenge that was experienced in using PowerPoint with Breeze was that the video
(but not audio) accelerated during playback of the recording.43 An additional problem
occurred when the instructor shared his or her screen with students (e.g. with a
spreadsheet application), the chat function couldn't be monitored, thus cutting off
interaction with the students. A useful trick (even today with the generally reliable
software) is to have a fall back virtual room to which students can go to if the one has
crashed. Bandwidth can be conserved by replacing live video with individual graphics,
and ensuring all those who are not talking switch their microphones off to eliminate any
extraneous sounds (even a student's seemingly unobtrusive computer fan can be
irritatingly loud). When the session is finished, it is a good idea to, "clean up the room"
(delete slides/ getting rid of chat messages/clearing polls and termination sharing) for the
next session.
Finally, you may want to consider having an entirely different technology (with different
servers) when something happens on your primary server (such as the server crashing).
Ensure that your technology can swap over to another server in another part of the world.
This should obviate problems with connections to the server or the server itself failing.
People
The presenter sometimes gets sick or is out of sorts and decides to cancel at the last
minute. In this case, issue a blanket email to all participants or (preferably) make a phone
call and provide a rescheduled time.
Time zone confusion can mean that you forget when to log into your session–both
presenters and participants. It is important to emphasize that the local times need to be
identified (easy to access from the web) in all communications with participants.
It can sometimes happen that students into the wrong virtual classroom (with a wrong
URL) as the organizer gave the incorrect details. Double check any URLs that you are
giving out, and always issue the information more than once.
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Key Points and Applications
Chapter 6
The following are the key points and applications from this chapter entitled: Best Practice
in Web Conferencing.
1. Overall, the measure of success in your application of these great technologies
(such as web conferencing) is for all participants not to notice the technology, but
the actual learning process with instructor and resources.
2. Design requirements for a good web conferencing package include:
• Participants (including support for different types and platforms,
scalability, ideal class size of 20 maximum).
• Media (including high quality audio, confirming all equipment works
before session, avoiding only PowerPoint, high quality headset for
instructor, focusing on strong visual slides rather than animations).
• Interactivity (including high level between all participants, easy archiving,
building in other activities such as software demonstrations, tours of web
sites and remote labs).
• Instructor (including driving the session, 100% familiarity with features
and operation, knowing what a participant sees and having a back up plan
if things don’t work out).
3. Some key elements before the session commences:
• Practise and practise.
• Ensure you can use all the tools effectively.
• Ensure supporting course materials before the session.
• Understand your audience.
• Make recordings available.
• Realize that participants will log in ahead of the actual commencement –
so have welcoming slides available.
• Advise everyone on possible problems and what to do.
• Start session strongly and on time with an attention grabbing hook.
• Eliminate all disturbances (such as phone or office chatter).
4. Some key elements at the start of the session:
• Ensure your recording has started.
• Confirm all participants can hear high quality audio and can talk or text.
• Re-affirm back up procedures if things go wrong.
• Use a webcam with high quality lighting and neutral background.
5. Some key elements during the session:
• Make the session highly interactive (at least every 2 minutes).
• Focus on student learning.
• Allocate microphone to all participants carefully.
• Record presentation if possible.
• Keep interactivity high with ice-breakers, breakout sessions and breaks.
• Apply supporting technology such as application sharing/breakout rooms
and web tours to liven up presentation.
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• Work your slides with scribbling and polling of audience.
• Be as natural and chatty as possible and avoid one-way lecturing.
• Use simple English and anecdotes/stories to liven up.
6. Some key elements after the session:
• End on a high note with a brief summary that’s quick, pithy and powerful.
• Thank everyone and give them their next steps regarding application of
this knowledge.
• Give them contact details for follow-up discussions.
• Stop recording your session.
7. Design of Slides and use of Whiteboard should be based around these ideas:
• Keep content simple and apply the KISS principle.
• Large, bold and simple fonts such as Ariel are preferable.
• Never have more than 8 lines of text on a page.
• Keep to a maximum of 4 training points per page.
• Maintain plain backgrounds to your text.
• Avoid complex animations and gimmicks.
8. High quality audio is absolutely critical and is far more important than video.
Ensure that your video doesn’t impact on the quality of audio for your
participants.
9. Full duplex web conferencing may feel more natural and avoids speakers
forgetting to hit the talk button, but it can bring in lots of extraneous noise from
unthinking participants (e.g. phones ringing and keyboard clattering).
10. A high level of interactivity is critical and a few suggestions are as follows:
• Turn bulleted lists into a list of true/false questions.
• Perform evaluations online as the material is presented.
• Request random participants to summarise the key points after each
section is concluded.
• Interact every two minutes with participants.
• Weave stories into the presentation.
• Ask students to work out calculations on the whiteboard.
• Use application sharing to demonstrate real systems and software.
• Take students on web tours.
• Split students into break-out rooms and manage them carefully.
• Put on your web cam to show yourself as well as any associated working
equipment.
11. Ensure you have an approach to follow when things go wrong:
• Test meticulously with your current set-up before the session commences.
• Advise all participants at the beginning of the session that if anything goes
wrong they will receive full recordings and materials.
• Don’t persist with a presentation if there are problems with the internet or
audio.
• Use a UPS for back up for areas where power failures are likely.
• Consider the use of back up servers if you have a particularly critical
presentation.
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Chapter 7
Mobile Learning
“It is a thousand times better to have common sense without education than to have
education without common sense.”
– Robert G. Ingersoll
Chapter Contents
7.1
Introduction
7.2
Typical Behavior of Users
7.3
Ways of Using Mobile Devices
7.4
Challenges with Mobile Devices
7.5
Design of Mobile Learning
7.6
Applications
7.1
Introduction
A rather general definition of mobile learning (or m-learning) is the acquisition of
knowledge or a skill through mobile technology that results in an alteration of behavior or
attitude.1
Initially, when considering the tiny screens of mobile phones and restricted internet
speeds, we had some doubts about the efficacy of mobile learning. However, with the
rapid growth in usage and sophistication of mobile devices, we are convinced that this
will become one of the dominant forms of learning.
Attributes of mobile technologies include them being highly portable (e.g. weight and
power), individualized, unobtrusive, available anywhere, reliable across different devices
and connections, open throughout a range of vendor products, adaptable and matched to a
user’s changing skills and knowledge, useful and practical to work and personal life,
coherent and persistent across a lifetime in keeping track of the accumulated resources
and intuitively easy to use.2
Besides mobile and smart phones and tablets, other typical mobile devices include iPods,
MP3 players, personal digital assistants (PDAs), mobile computers, handheld gaming
devices and calculators with mobile connections.
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Figure 7.1: Typical Mobile Devices
There are now (2011) well over five billion mobile phone subscriptions with over 5,000
unique types of mobile devices.3 In Europe, over 90% of young people (16-24) own a
mobile phone, so it’s safe to assume that mobile learning, in some form, is here to stay.4
Recent research has showed that college students use tablets and smart phones more than
computers these days.5 There are four generations of mobile phone networks:6
•
•
•
•

Analog cellular telephony (1G).
Digital mobile communications (2G).
Wideband mobile communications (3G).
Broadband fourth generation networks (4G).
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Although many engineering education apps exist in the mobile environment, a challenge
is that the different apps don’t operate seamlessly and holistically in terms of accessibility
and sharing of data.7 Inevitably, being new, there is also limited evidence about the
learning effectiveness of these mobile apps.
In the following section we will examine typical behavior of mobile users and ways of
using mobile devices. The chapter will be concluded by detailing the ever-present
challenge of mobile technologies, design and applications.
7.2
Typical Behavior of Users
Users today want immediate access to real-time information, technical stability and
reliability in their applications and up-to-date information that they can trust.8
Typical behavior takes the forms of:
•
•
•
•

Activity in short bursts.
Moving from one device to another very quickly.
Multitasking when working with devices.
A spike in device use between 8.30am and 1.00pm.

According to recent research from Yahoo!, there are seven mobile modes:
•
•
•
•
•
•
•

Connect (where most users spend time–40%)
Search
Entertain
Manage (e.g. banking)
Inform
Shop
Navigate (e.g. directions)

Searching and Informing would probably be the dominant mode for learning.
There are also three different types of mobile apps: native, web (Browser) and hybrid.
Native apps (generally written in Objective C and Java) are downloaded from an app
store and installed on a device. Web apps reside on a server, run in a browser and are
coded for multiple operating systems using HTML, JavaScript and CSS. These will run
on any device no matter what the operating system. Many tablet apps are hybrid and have
simpler data updates. The app shell (actually a native app) can easily access the device’s
hardware but the content comes from the web.
There is a myriad of different ways to use mobile devices. A reasonably exhaustive list
will be provided in the next section.
7.3
Ways of Using Mobile Devices
The portability, ease of use, spontaneity of use and quality of recording of mobile phones
means that there are many opportunities to use them for education. The main
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disadvantages are in the lack of compatibility with different phones and computers (e.g.
mobile image aspect ratio), lack of resolution in low light and poor audio quality.9
An excellent use of mobile phones is the creation of videos. Millions of videos (often two
or three minutes in duration) are just a click away for the adept user with often excellent
quality despite the small viewing screen.10
Mobile phones are useful in creating digital narratives in planning a story, creating and
editing it and finally sharing the output on a YouTube type site. In essence, the
opportunities for mobile technologies are to combine collaborative, constructionist and
contextual elements with the learning process.
Categories of use for mobile technologies include administrative (e.g. calendaring and
timetabling), referencing (eBooks and dictionaries), interactive (contact, response and
feedback), simulations and games, data collection, location aware (e.g. GPS) and
collaborative (instant messaging, web and videoconferencing).11
A Rather Exhaustive List
There are numerous different ways in which mobile devices can be used as educational
tools:12, 13, 14, 15
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

As a communications tool (instant messaging and emails).
For accessing or modifying information.
As an assessment tool (e.g. quizzes and photos of workplace scenarios).
For connecting to an LMS or related system (e.g. as whiteboards/web browsers).
To create augmented reality scenes (using GPS properties to add further data to a
real scene, or superimposing text and graphics on a view).
To create and play back learning content (e.g. podcast/blogging).
To read data in the environment (e.g. using a GPS/RFID system or quick response
tagging),
To verify identity of users.
As virtual tour guides (using GPS capabilities).
As an instantaneous community or personal organizer (e.g. managing groups in
the field).
As the learner’s personal context identifier (e.g. body movement, pulse and blood
pressure).
As a calendar and reminder for commencing or initiating events.
To facilitate communication between instructors and learners.
To allow learners to collect photos, audio and video evidence of their training.
To allow learners to access learning content including that required for
assignments (through an LMS or the internet).
For undertaking written assignments or tasks.
For communication between instructors and learners.
For trend tracking and analysis.
For text messaging.
For social networking.
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•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

For formation of communities.
For information retrieval.
For collection of data.
For audio, video and web conferencing.
For proximity identification and detection to other mobile users.
For geographical location (geolocation) identification.
For the creation of videos and graphics (including audio).
To remotely control other devices.
For simulation.
For performance support and live coaching.
For recording, archiving of live sessions and the environment.
For learning games.
For web browsing.
Allowing mobile review of PowerPoint, Excel and Word Documents.
For instantaneous or fast self-organization of individuals.
To store and transmit data for later analysis.
For security due to location tracking.
For continuous operation and communications (worldwide roaming).
To allow online payment flexibility (e.g. fees paid by SMS).
For unique mobility identification (with a device that has a unique identifier).
As affordable computing capacity (e.g. far cheaper than netbook).
To form a semi-permanent relationship with telecoms provider (thus allowing for
rapid dissemination of intelligence to a wider audience with some credibility).
To provide a slightly higher degree of immunity to viruses and security issues
(although phone hacking is alive and well).
For easy connection to other “more intimate” information already on your device
(e.g. contact details of others).
For easy-to-use tools such as calculator, contact list, geo location and camera.
To allow multiple channels of communications (e.g. SMS and GPRS).
For recording of key course events for later review.
For interviews with students.
For recording feedback from other instructors.
For recording of reflections.
To record student performance.
To send encouraging messages to other instructors.
For responding to progress reports.
For timing analysis of experiments.
For text messaging to respond to surveys.
For identifying definitions for new terms.
To record lab experiments (using mobile phone camera).

One final suggestion for using mobile phones in a learning environment included
youngsters (16-24) who were not currently engaged in any schooling but who showed
enthusiasm for learning English and Mathematics using mobile phone games.16
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Typical Job Roles Using Mobile Learning
Typical job roles where mobile learning would be ideal would be field engineers or
technical support technicians fixing a photocopier to an instrument engineer looking up
key information on how to configure the device. Retail employees who are unsure about
the operation of a particular item of merchandise could look it up. Sales personnel who
are travelling and need to review a particular approach to provide greater credibility when
talking to a client would also find this useful.
Challenges with mobile devices can be quite severe but these have to be dealt with in
achieving an effective implementation.
7.4
Challenges with Mobile Devices
There are some problems in implementing a mobile learning system and these include:17
•

•
•

Poor acceptance. This can be because the technology is so new that individuals
(and management) are dubious about the effectiveness. Privacy of information can
be an issue as the devices are mobile and thus more easily accessible. Others
worry about the breakdown in life-work balance due to excessive use.
Instructional Design Weaknesses. The tiny screen size and keyboards require
significant modifications to the traditional approach to learning.
Technical problems. This includes problems with bandwidth, reliability of
communications, security of messages (and indeed of the device), lack of a
coherent environment (e.g. different devices–screen, keyboard / batteries /
bandwidth) and wide range of costs in different environments.

A set of suggestions on optimizing your mobile learning design is considered in the next
section.
7.5
Design of Mobile Learning
Designing effective mobile learning necessitates a different way of operating. Some
overall suggestions for creating successful mobile learning include:18
•
•
•
•
•
•
•
•

Allow sufficient time to explore the mobile technologies to apply them
competently.
Blend mobile with online learning as well as the classroom and lab settings.
Ensure that the technology can be applied spontaneously.
Leverage its portability to use in unusual hard to reach places for normal learning.
Apply in both an individual and group approach.
Exploit the affordances of mobile technology even where the results may be
suboptimal compared to a more measured traditional approach.
Emphasize the use of the learner’s own mobile technology.
Leverage the ease of production of learning to increase consumption of learning
and vice versa.
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Seize the Moment
Some suggestions on seizing a quick moment in time in using mobile learning include
waiting at airports, medical waiting rooms, travelling in a car, plane or train, in a queue
and while exercising.19 This should be kept in mind in the design process.
Specific Implementation Tips for Designing Mobile Learning
The following are a few specific suggestions when implementing mobile learning.20 The
user often has a very short and fractured experience in undertaking any mobile learning
and has limited bandwidth (due to cost and technical access).
•

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Follow the well-trodden KISS principle in keeping the design as simple as
possible and thus avoiding complex navigation and interaction and with an
absolute maximum of a few minutes (perhaps five is the limit).
Keep information density very low and select content that can match this.
Use multimedia sparingly such as splash animations and unnecessary glitz.
Harness the power of collaboration. This is a key strength of a mobile device so
try and build this into the learning experience.
Apply the tools that come with the device such as geolocation/customized
calculators/games and simulations.
Use existing facilities and content already available on your LMS.
With connectivity so much more reliable and cheaper, ensure you wring every
ounce out of this facility.
Watch out for small screens with limited resolution.
Note that networks are unreliable.
Remember that mobile learning is still virgin unknown territory.
Think about total cost of design and actual return (i.e. is the work worth it?).
Ensure that learning is in micro chunks.
Understand the gestures and actions of the user.
Try to use an external server (or the ‘cloud’) to optimize performance.
Remember that emulators are a great way to test out your design.
Test and test again in different situations and different networks (including when
your device is updating itself).

Mobile Programming Languages
Despite the relative youth of mobile phones, there is a large choice of programming
languages to work with. Mobile phones (such as the Blackberry and iPhone) can provide
facilities far more than mere voice and text messaging with multimedia playback,
document editing and audio/video streaming and are challenging the traditional computer
for many activities. There is thus a growing need for programmers with skills in
developing software for mobile applications. There are a number of challenging
characteristics of mobile phones such as bandwidth, screen size/resolution, processor
speed /type, memory consumption, battery life and input tools.
There are a number of programming languages used in mobile phone development.21
These include:
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•
•
•
•
•
•
•
•
•
•

Java (used in the Blackberry, Google Android Operating system and Nokia
Symbian mobile phones).
Flash (from Adobe–however, they are now discouraging it for mobile
applications).
Objective C (for the Apple iPhone to be used with the Apple iPhone SDK).
C++ (used in some Nokia Symbian mobile phones).
.Net/C# (Microsoft’s Windows Mobile).
GO (Google’s programming language).
BREW (proprietary from Qualcomm).
VoiceXML (from the World Wide Web Committee’s standard XML).
XHTML-MP (Extensible Hypertext Markup Language: Mobile Profile–main
protocol used in conjunction with CSS – Cascading Style Sheets).
WAP and WML (Wireless Access Protocol and Wireless Markup Language–early
standard and works on most basic phones).

Java is a complex language and can be broken down into several sections:
•
•

•

Java Micro Edition (Java ME): open source, widely supported and many opensource tools for developing mobile applications.
Sun Java Wireless Toolkit for Connected Limited Device Configuration (CLDC):
an easy-to-use development environment (including simulation tool) to develop
mobile applications based on Java ME.
Blackberry Java Development Environment: development environment and
simulation tool for building Java ME and Blackberry-based applications.

Learning Management Systems
Learning Management Systems that have been adapted to mobile usage include:22
•
•
•
•
•
•
•
•
•

Blackboard Learn.
Cell Cast (from onPoint Digital).
Chalk Pushcast (for the Blackberry platform).
eXact iTutor (wearable, wireless mobile learning platform from Giunti Labs).
KMx (Knowledge Management Solutions).
Sakai (open source)
MLE-Moodle (a plug-in for Moodle–the open source LMS).
Mobile Moodle for the iPhone.
MOMO (Mobile Moodle)–install a Java-based MOMO client on a mobile phone.

A few selected applications will be discussed in the next section.
7.6

Applications

Bring Your Own Device (or BYOD)
Many employees are bringing their own tablets and smartphones to the workplace–not
only for personal use but to access company resources (such as database/email and
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servers).23 Three issues need to be considered here. These include security (of data and
physical device), costs (of installing Wi-Fi facilities and paying for the use of the
personal smartphone on company business) and support for a plethora of new portable
devices (which the help desk may be utterly unfamiliar with). Clearly new company-wide
policies and procedures are required to deal with this new issue.
Different University Approaches
The Blackberry was used for the programming applications of students at the University
of Guelph, although with the rapid growth of the iPhone and Android devices, this may
obviously change.24 Typical programming assignments for students included a mobile
quiz application, calculator, address book and text editor.
At Tuskegee University, a survey of using mobile phones together with the Blackboard
Mobile Learn LMS in the undergraduate engineering courses was investigated.25 The
technology was used in the classroom for homework, exams and use of images and video
clips. Outside the classroom the mobile application was used to access course materials
and tools. While students appreciated the added flexibility there was some doubt as
whether this would replace the standard Blackboard LMS in the near future.
Mobile Learning for a Chemistry Program
Memorization of numerous molecular structures, functional groups and reactions can be
challenging for undergraduate organic chemistry courses. Traditionally, cardboard-based
flash cards have been used in the past; but this was replaced at Georgia Gwinnett College
by smart cell phones with Mobile Powerpoint.26 Students could flip through their
electronic flash cards while sitting on a bus or in a car or train or anywhere with a few
minutes to spare. Student reaction to this was very positive and this facility was extended
to other courses and topics.
Mobile Learning on Digital Signal Processing
Apple’s devices such as the iPhone, iPod and iPad (based on the iOS operating system)
are becoming important tools for engineering and science education.27 An application
called i-JSP executed directly on the iOS and was coded at Arizona State University. This
was based on an earlier software package (J-DSP) that was web-based and platform
independent and provided positive feedback on improved student learning and
involvement with digital signal processing (DSP). This allowed for functions for Fast
Fourier Transforms, filtering and spectral analysis though an easy to use graphical user
interface. In addition, concepts such as MIDI, DTMF and sound capture and playback
could be tested and demonstrated. The simulations were formed by using block diagrams
through multi-touch and drag-and-drop procedures. This software was used by the
undergraduate students to perform the required laboratory exercises in DSP.
Arizona State University and Spring collaborated in creating a University ID smart portal
which contained several applications (with a focus on STEM subjects) including
Blackboard Mobile Learn, MATLAB, IEEE Xplore, LabVIEW educational content, the
J-DSP environment, YouTube and Facebook.
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The mobile lab (based on the A-JDSP sourced from the J-DSP) is an Android based app
providing an interactive signal processing simulation environment. Students can log in to
the university ID portal using username and password that then provides access to all the
apps listed above. This makes it easy for students to look at homework and configure and
execute code (e.g. MATLAB and J-DSP).
Responses from students were generally positive about the convenience and flexibility of
this resource but as expected, the smaller device screens were problematic (3 to 4 inches).
The Android operating system was used to develop a graphical-based application, AJDSP for signal processing simulation. It was considered that running J-DSP over the
web to be too data intensive; hence the simulations were executed directly on the mobile
device. Other options such as MATLAB required an installation on a remote machine and
a high speed connection for access. The application was developed using Android SDK–a
Java based development framework with the user interfaces developed using XML. The
blocks in A-JDSP could be accessed through a function palette or user interface. The
different blocks comprised a signal generator (square, triangular, sinusoids as well as
random signals), an FFT (with different length FFTs), filtering (incl. rectangular, Bartlett,
Hamming, Hanning and Kaiser windows and FIR and IIR filters) and plots (basic,
frequency and pole-zero).
The approach to use this tool would be to provide a lecture on the relevant signal
processing concepts, a pre-quiz on the lab concepts, a simulation exercise using J-DSP
and a post quiz to test the concepts.
Image Processing on the Mobile Phone
At the University of Texas, San Antonio, a template of image processing algorithms was
incorporated into a course on mobile phone application development and training (based
around Java and Android OS).28 The toolkit was simple and easy to learn and helped to
understand image processing concepts without having to develop them in code right from
the beginning.
Typical (generally advanced) image processing routines included Fast Fourier
Transforms (based on the Discrete Fourier Transform) for transformation of signals and
images to the frequency domain, discrete Cosine Transforms (for image and video
compression), Histograms, Hough Transforms (for identifying lines, circles and ellipses)
and Gaussian and Mean filters (filtering on noisy images).
A review of students before and after using this template in a Wireless Communication
course showed a change in student attitudes to the technology and encouraged student
interest in a career in mobile application development.
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Key Points and Applications
Chapter 7
The following are the key points and applications from this chapter entitled: Mobile
Learning.
1. Mobile learning (or m-learning) is the acquisition of knowledge or a skill through
mobile technology that results in the alteration of behaviour or attitude.
2. There are seven mobile modes: Connect (40% of the time spent here), search,
entertain, manage (e.g. banking), inform, shop and navigate (locating a route).
3. Some ways in which mobile devices are used as a learning tool:
• Communications tool.
• Assessment tool.
• Reading data in the environment.
• Undertaking written assignments.
• Social networking.
• Collection of data.
• Remote control.
• Simulation.
• Recording lab experiments (including using camera).
4. Specific Implementation Tips:
• Apply the KISS principle.
• Focus on micro-chunks for learning.
• Keep information density low.
• Minimal multimedia (especially animations).
• Take care with small screens with limited resolution.
• Assess ROI in terms of return against total cost of implementation.
• Test in different locations across different networks.
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Chapter 8
Review of Traditional and Online Laboratories
“I hear…I forget; I see…I remember; I do…I understand”
(Confucius - c.500 BC)
Chapter Contents
8.1
Introduction
8.2
Background
8.3
Traditional Labs
8.4
Introduction to Virtual and Remote Labs
8.5
Virtual Labs
8.6
Remote Labs
8.7
Home Experimenter Kits
8.8
Other Approaches to Lab Work
8.1
Introduction
There is general agreement in the engineering education community that laboratory work
is a vital adjunct to lectures and other work in achieving engineering know-how.
Engineering is an applied science that requires considerable hands-on skills and
laboratories can be helpful in providing this. There is no doubt, that engineering
education has become more theoretically based over the past 50 years and the learning
emphasis has unfortunately moved towards lectures and classroom based education from
the more practical workshop and lab-based hands-on learning.1
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Figure 8.1: Hands-on Work is a Key Part of Engineering
The question of just how much “hands-on” experience is required is debatable. Whether
an individual can learn effectively using a remote lab where the instruments and
equipment are monitored and controlled over the internet is another arguable point. Will
remote labs replace physical labs? There is no doubt that we are now at the tipping point
for simulations and remote labs, especially with affordable high speed internet links and
the computer nowadays being an intermediary for most instruments and equipment.
However, it should be observed that students tend to prefer real practical experimentation
to computer simulations even though the latter cover similar ground.2 Research has
shown that lab practical sessions can be constructed so that off-campus and on-campus
yield similar results.3 The results of the lab reports for both groups were similar.
According to a colloquy on the topic, an instructional laboratory experience was defined
as, “personal interaction with equipment/tools leading to the accumulation of knowledge
and skills required in a practice-oriented profession”.4
The problem with a purely theoretical education without practical labs is that it is hard to
reconcile this and apply to the real world with noisy data, varying (and unknown)
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component efficiencies and specifications and challenges with setting up equipment and
testing correctly.5
The acquisition of qualitative knowledge with real situations such as the behavior of
instruments and how control valves operate is essential to a good engineering education.6
Labs can be useful in achieving this although overcrowding, online education and old
equipment often make this difficult to achieve.
It should be noted that while having labs built into the university curriculum is vital, they
often don’t really live up to their initial expectations.7 For example, students are often so
involved with setting up, troubleshooting and running the experiment to spend much time
cogitating on the underlying lessons and concepts.
For most reputable universities and colleges, even when the course is 100% online,
students are often expected to attend residential labs.8 For example, at the School of
Technology at Michigan Technological University, students were required to attend two
intense laboratory sessions running over weekends during the Electrical Machinery
course.
Remote labs and virtual labs are considered serious options to supplement the learning
experience for engineers and technicians as they allow for hands-on experiential training
and mean that the equipment can be more efficiently used as it is distributed over more
users. This is sometimes referred to as “distance experimenting”.9 Some unusual
examples range from nuclear fission reactors which are operated remotely.10 But perhaps
more exotic examples of remote labs have to be the orbiting Hubble space telescope and
NASA’s exploration rovers Spirit and Opportunity, which operated on Mars in 2004,
taking both physical and chemical samples of the Martian environment–and operated well
over 50 million kms.
This chapter is oriented towards examining how distance (or online) learning students
could access experiments and in terms of engineering education what laboratories are
expected to deliver (and indeed, what accreditation authorities are prepared to accept).
It commences with a discussion of the background to training and education laboratory
work followed by an examination of traditional labs. This will be followed by a review of
virtual and remote labs. For a holistic review of available options, the ubiquitious home
experimenter kits will also be discussed, followed by other approaches and applications
for lab work.
8.2
Background
Experiential learning or hands-on training is one of the best ways to gain engineering
expertise.11 Typical ways to engage in experiential learning in distance learning are via
traditional labs, home experimenter kits, simulations, remote labs, scenarios and
considerable interactivity.
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From the point of view of engineering, the term hands-on learning is used to refer to
experiential learning where an interactive approach is used to the learning approach such
as using real equipment and hands-on software exercises in a laboratory type
environment, as opposed to an instructor merely presenting the materials in a lecturing
format without feedback and interaction from the participants. Active learning can be
achieved by working with remote or virtual labs and this is especially relevant for online
education.12
The famous physicist and educator Richard Feynman stated the importance of tying
knowledge to experiment:13
The test of all knowledge is experiment. Experiment is the sole judge of scientific
“truth.” But what is the source of knowledge? Where do the laws that are to be
tested come from? Experiment, itself, helps to produce these laws, in the sense
that it gives us hints. But also needed is imagination to create from these hints the
great generalizations–to guess at the wonderful, simple, but very strange patterns
beneath them all, and then to experiment to check again whether we made the
right guess.
Students certainly would prefer more hands-on demonstrations to tie the theory to the real
world.14 It is also vital that the hands-on exercises are closely linked in with the learning
objectives otherwise they will not be effective.15
Labs are critical to engineering education where they allow verification of theory,
improve understanding, provide increased hands-on skills and provide motivation and
enthusiasm for the profession of engineering, which, after all, is the practical application
of the sciences.16 Traditional labs for electrical engineering education are expensive and it
is increasingly difficult to fit the burgeoning number of students in the existing labs. The
static lab tools are out of pace with the modern student who is accustomed to a mobile
high quality multimedia mobile interface (such as an iPad and iPhone).
There is considerable evidence to suggest that remote labs can provide similar or indeed,
even better learning outcomes than for traditional campus based labs. 17 Pure hands-on
labs are increasingly unusual.18 They are generally mediated by a computer and this is
another support driver for remote and simulated labs.
Learners who practiced problem solving in an interactive simulation or hands-on labs
environment generally outperformed those who merely worked with examples. This was
demonstrated using a simulation software program reproducing the operator’s
environment in a water-alcohol distillation plant. The concept is that the operator initially
observes the operation of the plant, but the gradual deterioration of the plant components
causes many malfunctions that the operator has to diagnose and fix as quickly as
possible.19
Labs are important in helping students align their understanding with the real world
processes.20 Students often, in building up an understanding of a physical phenomenon,
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build up their own understanding that is often in conflict with scientific theories. Hence,
well-designed labs can help students to form a correct understanding.
It was suggested in a review of articles that 100% of articles relating to hands-on labs
suggested that they should assist with conceptual understanding and 65% that they should
build design skills.21
An important requirement from most organizations that accredit engineering
undergraduate programs is that graduates must have the ability to design, conduct
experiments, analyze and interpret data.22
One advantage of labs, reported by students, is enjoyment.23 It is easy to see why this is,
in comparison with a traditional lecture that’s often quite boring. An approach at
Loughborough University was to combine the lecture with a remote lab (the Cambridge
Weblab), such as in demonstrating a chemical reaction between phenolphthalein and
sodium hydroxide for a graduate chemical engineering course. Student reactions
indicated that this was considerably more enjoyable, understandable and motivated them
to investigate further.
The use of well-designed computer simulations where the student interacts with an
experiment can be effective in improving a student’s knowledge and performance.24
Simulations can be effective in improving and clarifying a learner’s understanding of a
concept as the relationships between the different variables are illustrated dynamically
under different conditions. However, simulation should never replace a practical handson experiment.25
Why Tacit Knowledge is Important
One of the other benefits in working with real equipment is to help in the transfer of tacit
knowledge as opposed to explicit knowledge. There were few references to explicit and
tacit knowledge transfer in using online learning, perhaps, because easier transfer of tacit
knowledge is considered to require a real object (as opposed to a computer) to work on. A
good example of the differences between explicit and tacit knowledge is given would be
in an operator controlling a process plant.26 Explicit knowledge (or information) can be
considered to be the procedures and rules in controlling the plant as opposed to tacit
knowledge which is a core part of the experienced operator’s skill in her craft or
profession and is built on learning via actual experience and action such as learning from
a master over a passage of time on how to run the plant to optimum capacity. Hands-on
training could thus be considered a method of transferring tacit knowledge.
There are four basic patterns of creating knowledge in any organization:
•

•

From tacit to tacit. This involves transferring the skills of a craftsman to another
apprentice, for example. This skill is gained by observation, practice and
refinement to imitate the skills of the craftsman.
From explicit to explicit. A good example of this would be collecting financial
information about a company and then putting this into a report.
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•

•

Tacit to explicit. This could be in taking an engineer’s approach to operating a
refinery in an optimal manner and encapsulating this into a software program to
take over this function.
Explicit to tacit. This would happen when other employees of the company come
to use this knowledge and to supplement and extend their tacit knowledge.

Figure 8.2: Tacit and Explicit Knowledge
We believe that an excellent application of the transfer of tacit to tacit knowledge is being
taught by an experienced engineer via hands-on work in a lab setting on a particular
technique. Lab work with hands-on experimentation is an important part of engineering
and scientific training and acquisition of tacit knowledge could be considered a key
element of the learning experience here. From an industrial automation point of view, this
could be the technique, often used in industrial automation, of tuning of a process control
loop on different types of processes.
The different types of laboratories (especially online remote and virtual ones so critical
for online learning and blended learning) where hands-on experience (as opposed to a
pure lecturing approach) can be gained, and thus tacit knowledge can be transferred, will
be discussed in the next section.
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The shared knowledge generated within the collaborative group working on a remote labs
has two forms: tacit and explicit.27 The explicit knowledge is created by the instructor in
the form of technical requirements such as a plug-in and check of configuration (preexperiment), lab instructions for conducting the experiment and an outcomes guide
required (post-experiment). Similarly the students create explicit knowledge in terms of
the results of the experiment and a technical report with conclusions. Tacit knowledge is
also built up by the group as a result of the experiment.
The current multitude of online learning courses and online textbook publishers can help
a student process explicit knowledge effectively but have greater difficulty in
encouraging the key form of knowledge that distinguishes us in truly excellent
performance and this is possession of the necessary tacit knowledge.28
As Polanyi, one of the thinkers in the area, pointed out, tacit knowledge is considerably
more fundamental than explicit knowledge. The inevitable question arises as to why
explicit knowledge can’t be made fully explicit is that it is simply too vast containing an
absolute store house ranging from physical skills, social and emotional know-how and
vast experience.
As discussed earlier in creating knowledge in an organization, these forms of knowledge
can be transformed from one form to another:
•
•
•
•

Tacit knowledge to tacit knowledge (socialization)
Tacit knowledge to explicit knowledge (externalization)
Explicit knowledge to explicit knowledge (combination)
Explicit knowledge to tacit knowledge (internalization)

It is important to realize that, in particular, practical knowledge is situated (or having a
place or location) and ideally exists in a particular physical and social environment in a
context.
Research was conducted around a business course on strategic management over ten
weeks totally online comprising reading of a textbook, live online and asynchronous
board discussions, assignments, an examination and a simulation game. The results
clearly showed that the students derived considerably more tacit knowledge than when
they merely listening to a lecture, reading or book or a case study. This course
encouraged the development of the four key processes of knowledge creation (and not
only individually but dynamically cycling through these processes): socialization,
externalization, combination and internalization.
Socialization was facilitated through sharing background information, open ended
asynchronous and synchronous discussions and being involved in the simulation game.
Externalization was driven by writing projects, discussions, reflection and the simulation
game.
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Combination was encouraged by getting students to synthesize multiple elements of
knowledge such as a solution to a complex practical problem.
Internalization was driven by a simulation or real world problem that requires group
discussions and debate on the key learning points. As this is a strongly personal process,
having a mentor to guide can accelerate the process.
A traditional lab will now be considered.
8.3

Traditional Labs

What is a Traditional Laboratory?
Essentially, a laboratory is a room containing specialized equipment with a group of
students and a demonstrator working in it.29 The idea is that the students conduct an
experiment as outlined in some procedure, record the results and then analyze them in a
report.

Figure 8.3: A Traditional Laboratory
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Why is this so important for engineering students?
The idea is to improve their ability to observe, manipulate equipment, interpret
experimental data and with the added interactivity to increase their interest in the
subject.30 In the real world of professional practice, they will encounter non-ideal
situations and working in a lab helps to give some experience with this.31 Many physical
phenomena are difficult to understand and explain in words or textbooks but must be
witnessed in action. Working with real equipment as opposed to simply reading from a
textbook and writing up the results of the experiment make for a far better learning
experience. The lab experience32 differentiates engineering and science from many other
academic programs. The principle is to motivate students and compare reality with
theory and simulations, work with one's peers and explore the frontiers of knowledge.
In the context of online learning using a remote lab, the additional requirements here are
to enable students to share expensive computing resources with no restrictions as to
location or time.33
What Should a Laboratory Experience Provide?
An excellent summary of what an engineering student should gain from working in a lab
(and what a distance learning program would have to deliver), was listed in a colloquy.34
Typical skills you should gain would include:
•
•
•
•
•
•
•
•
•
•
•
•
•

Working with instrumentation to make measurements of physical quantities.
Assessing how good a theoretical model matches its real world analog.
Designing and executing an experiment, analyzing the resulting data and drawing
conclusions on the characteristics of an event or component.
Collecting and analyzing experimental data and drawing conclusions from this
data.
Designing, building and assembling a part or system.
Learning from failure by identifying and correcting failures.
Demonstrating a significant level of (independent) creativity in problem solving.
Showing competence in one’s psychomotor skills in selection, modification and
operation of engineering tools and resources.
Identifying safety and environmental issues and taking appropriate corrective
action.
Communicating effectively both verbally and in written form.
Working and collaborating effectively in teams.
Understanding ethics and applying the highest possible standards.
Showing acute powers of observation in gathering and assessing sensory
information to make high quality engineering judgments.

Learning Objectives for Science and Engineering labs
Rice University suggest the following requirements for objectives for working in labs.35
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Acquire Basic Laboratory Skills
•
•
•

Develop useful skills and know-how such as physical manipulations,
observations, and problem solving.
Learn to measure, to transform raw data into useful information and analyze it
effectively.
Work safely in a lab environment, recognize unsafe situations, follow lab
procedures and troubleshoot problems as they occur.

Communicate and Record Effectively
•
•

Communicate the results of the lab effectively in both written and verbal form.
Be able to research and access supporting information to enhance the
understanding and definition of the experiment.

Demonstrate Maturity and Responsibility
•
•
•

Prepare for the experiment.
Work both independently and as a part of a team showing initiative.
Reflect on mistakes and be able to learn from these.

Place the Experiment into Context
•
•

Place your lab (and its associated results and data) in the broader more
generalized context of the scientific method (e.g. hypothesis and objectivity).
Understand where seemingly minor mistakes / oversights in an experiment can
have serious consequences.

Integrate Knowledge and Experience
•
•
•

Apply scientific critical thinking skills in science and engineering.
Apply science and engineering logical processes and thinking to current and
future work.
Assess whether labs results and conclusions actually make sense or not and be
able to make modifications to ensure that they do. They can also reinforce course
concepts through demonstrating them and providing a higher level of clarity.

Objectives of Lab Work
A further set of suggestions are made that students need to go well beyond simply
learning about the use of specific equipment and should aim to:36
•
•
•
•

Develop design, experimental, problem solving and analysis skills.
Build up data recording, analysis and report writing skills.
Improve know-how and skills in working with equipment and materials.
Provide a practical skill base.
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•
•
•
•

Improve communication and collaborative working skills.
Develop professional practice and judgment skills.
Integrate theory and practical applications.
Energize and motivate students due to working on real hands-on exercises (and
well away from dry theory).

Stages of Student Lab work
Generally, student lab work has the following stages:
•
•
•
•
•
•

Preparing for the Lab.
Conducting the Lab.
Analyzing the results.
Preparing the practical report.
Assessing.
Evaluating and reflecting.

The authors suggest that collaboration in student teams is ideally conducted during
preparation, the actual lab session and analysis of results.37 It’s likely that the last three
stages would also be done collaboratively.
Different Formats of Labs
Labs can be conducted in a number of different formats ranging from a demonstration
(from an instructor), an exercise (traditional with a rather rigid structure and defined
outcomes), a structured enquiry (students are provided with a problem and suggested
resources), an open-ended enquiry (students are only provided with problem) to a fully
fledged project (which is more akin to real-life research or work).38
Disadvantages with Traditional Labs
Besides the usual list of suspects, there are some disadvantages with labs that are
overlooked:39
•

•
•

Students can generally only see the inputs and outputs to an experiment and they
are thus limited in the intuitive understanding of the real physical phenomena and
underlying principles.
Only a limited number of tests and lab exercises can be undertaken in the time
available with the limited resources.
When experimenting in novel and unfamiliar circumstances, safety can be
compromised and accidents can happen.

Online Tutorials to Boost Lab Achievement
While there is general acceptance that labs are a key part of engineering and scientific
education, the performance of students in the actual labs can be indifferent.40 Some of the
reasons suggested include:
•

Resource limitations for operating the labs (from lack of money and shortage of
equipment to paucity of time for lab instruction).
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•
•

•

Rapidly changing technology, meaning that the students may need to become
familiar with multiple platforms.
Backgrounds devoid of “tinkering” experience (in electronics, for instance) result
in a lack of familiarity with equipment (particularly measurement) when entering
college. Most students today, however, would have had experience in using
computers (and perhaps programming and configuration experience).
Text-based lab manuals can be hard to learn from. Video and graphical
approaches to teaching the required know-how are often more effective.

The Rose-Hulman Institute of Technology used a set of short (one to two minutes) video
tutorials to educate students before commencing a lab session. These ranged from
explaining the connections in a standard breadboard / use of a digital multimeter to
measure resistance, voltage and current to adjusting time and voltage scaling for an
oscilloscope. These were created using Camtasia with a webcam capturing video of the
equipment as well as a digitizing tablet for the instructor to write notes on (similar to use
of a whiteboard). As a result, instructors were able to reduce the time in instructing a lab
group on use of the equipment and students were able to achieve better and quicker
results in the lab. The most productive use of the videos was identified for students with a
lower level of skills and know-how and in being used in conjunction with other lab
resources. This approach should increase the confidence in working in a lab for these
weaker students.
Labs and an Online Engineering Degree
As at the time of writing (November 2012), there are still very few engineering
undergraduate degrees presented using online technologies available in the USA, with the
University of North Dakota being the only one to offer ABET (formerly Accreditation
Board for Engineering and Technology) accredited bachelor degrees in chemical, civil,
electrical and mechanical engineering (but also working with other institutions to provide
part degrees).41 There is a perceived need in courses targeting mature age students who
are in the middle of their careers and who may not yet possess an undergraduate
engineering degree. There are, however, a number of online masters degrees in
engineering.
The major challenge with engineering undergraduate education continues to be the
integration of suitable laboratory and design components into the program. A suggestion
(or hypothesis) is put forward that those mature age students who have had extensive
experience with engineering (e.g. an electrician or mechanical fitter) are in a completely
different situation to a young high school graduate who has never worked in an
engineering environment before and thus do not require extensive hands-on laboratories.
A proposed remote laboratory could comprise:
•
•
•
•

Low cost: it is for students and has to be replicated many times.
Easy to use: communications over a distance necessitates simplicity.
Reliable: especially designed for students and numerous students queuing to use.
Compatible with communication standards.
227

•
•
•

On an independent platform.
Modular and reconfigurable
Scalable and expandable

This will be discussed in detail later.
External Factors Affecting the Effectiveness of a Lab
The typical factors that could impact on the effectiveness of a lab experience include:42
•

•
•
•

Prior knowledge and investigation of lab. If the student is familiar with the lab
theory and practice, either from prior knowledge or active research into the
experiment, this will have a significant impact on the learning outcomes.
The preferred learning style of the student, which will tend to favor a particular
mode of lab whether it be remote, virtual or proximal.
Demographic elements such as age, gender, skill in language used, nationality
will impact.
Interactions with other lab participants, which will tend to influence the learning
outcomes as this tends to contribute to the student’s knowledge level.

MOOCs and Tacit Knowledge
While there are numerous examples of large scale presentation of courses (e.g. MOOCs)
with Sebastian Thrun from Stanford University being a great example, a question has to
be posed: Do these online courses transfer tacit or is it simply explicit knowledge? As
most apprentices will testify, being closely taught by a superb craftsman in a strong
hands-on manner is where they become enormously skilled and knowledgeable. Surely
this is what we have to try and replicate in an online or blended learning environment?
Mixed (Campus Labs with Online Education): Pros and Cons
These naturally replicate all lab objectives with hands-on activities intense activities over
short periods of time.43 However, their disadvantages are that they negate the
convenience of online courses, require excessive travel, increase usage of the institution’s
labs and thus costs, don’t align experiments with coverage of concepts in online sessions,
increase student fatigue to the intensity of the experiment and may have an unrelenting
focus on getting the experiments finished in the short time available rather than
understanding the concepts.
Lab Courses with Residential Sessions On-campus
Deakin University in Australia has over 40% of its enrolments working off the campus
with all courses in the BE and BTech being offered off-campus with identical materials to
that of the on-campus students.44 The lab sessions are challenging and are approached in
a number of ways:
•
•

Weekend lab sessions are conducted (for physics, materials science and
statics/dynamics courses).
There’s a mixture of kits and computer simulations (microcontroller kit and
simulation program for PLCs).
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•
•

A simple robot is built at home (final year mechatronics).
Remote labs are offered, on a limited basis (flow of water over a weir and
measuring height of waterfall).

For the lab programs, the emphasis is flexibility with students allowed to change
procedures based on their circumstances.
An example of a course is Materials Science for first year students. The list of supporting
resources for this course include textbook, study guide, video, micrographs of lab
samples (with a virtual microscope), lecture and tutorial notes and assignment solutions.
The virtual microscope allows students to observe specific microstructures at different
magnifications in the steel samples.
It is proposed that, in the future, a week-long residential schools for off-campus students
could be offered.
8.4
Introduction to Virtual and Remote Labs
At present if you are designing labs for distance learning students, you have four options
open to you:
•
•

•
•

Videos of lab sessions. This doesn’t provide the student with much in the way of
real hands-on interaction.
Condensed lab sessions on the main campus or some satellite campus. This has
merit, but it is expensive for the students and the quality of the labs may be
variable on the satellite campus with varying degrees of lab expertise provided.
Portable kits shipped to the student. It is likely this will be a compromise as these
have to be affordable and portable and the expensive lab sessions will be left out.
Simulations (generally running on a student’s machine). These are often rather
limited and students often regard them as unrealistic.

However, many distance learning students find that traditional lab experiments oncampus are not an option due to inconvenient geographical separation. Portable kits also
are difficult to cover the full range of experimentation and have logistical difficulties
(apart from keeping the kits up-to-date and repaired), resulting in two possible
approaches:
•

•

Virtual labs comprising the simulation software running on a host machine. Often
very powerful and expensive servers are required to make the simulations as
realistic as possible.
Remote labs are equivalent to the traditional lab environment in using real
equipment but situated at a significant distance from the learner.

Herewith a diagram of the classification of the various types of labs discussed in this
section.45
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Figure 8.4: Diagram of Different Types of Labs
(adapted from Auer, Zutin, Maier, & Niederstätter.45)
The two approaches will now be examined: virtual and remote labs, as illustrated in Table
8.1.
Table 8.1: Different Types of Labs and their Characteristics.46
Real experiment
Virtual experiment

Local experimenter
Traditional lab
Local simulation

Remote experimenter
Remote lab
Virtual lab

Remote and simulated labs are an excellent way to share specialized skills and resources
over a wide geographical area and thus reduce overall costs and improve the educational
experience. The first remote labs of significance were initiated in 1996.47
Kolb’s Theory Indicates Value Add from Simulations and Remote Labs
Kolb’s theory on experiential learning indicates that optimal learning takes place when a
student moves through four phases: Concrete Experience Ability, Reflective Observation
Ability; Abstract Conceptualization Ability and Active Experimentation Ability.48
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Figure 8.5: A Diagram Showing Kolb’s Four Phases
Optimal learning occurs when the learner first detects or grasps the knowledge with a
construction phase following to cement the learning process and thus create a mental
model. The learning process proceeds through concrete experience, reflective
observation, abstract conceptualization and active experimentation. The vertical axis is
the knowledge grasping dimension (apprehension or concrete experience and
comprehension or abstract conceptualization). The horizontal axis is the knowledge
transformation or knowledge construction dimension (intention or reflective observation
and extension or active experimentation). This led to the important concept of learning
styles, but this is not considered here.
An eminently reasonable suggestion that was made (and confirmed) is that the poor
learning outcomes in lab sessions (frequently reported in the literature) is due to poor use
of the prehension dimension before engaging in the actual hands-on lab. This results in a
mere mechanical execution of the lab procedures without any learning occurring. A
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virtual lab used as a precursor to the main hands-on lab can help with a better activation
of the prehension dimension thus resulting in better use of the transformation dimension.
This was demonstrated using PID Control at Loughborough University. As an added
opportunity, further in-depth higher order learning can be achieved using associated
remote labs.
According to Shavelson, there are four types of knowledge in scientific and engineering
endeavors: declarative (“knowing that”), procedural (“knowing how”), schematic
(“knowing why” including principles explaining) and strategic (“knowing when, where
and how our knowledge applies” used in troubleshooting and problem solving).49 Virtual
labs and presumably remote labs mainly use schematic and to a certain extent, strategic
knowledge.
To those that comment that remote labs are not sufficiently “real enough”, the blunt truth
is that the workplace is becoming less real.50 Much of what we do in our working life is
done through a computer over a remote communications and the use of virtual
instruments (being software) are detached from the “physical tweak the scope’s dials”.
Remote engineering is a rapidly developing field and engineering education must keep up
with this reality.
A comparison between real labs, remote labs and experiments has been made in the
modified table below.51
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Table 8.2: Comparison between Traditional, Virtual and Remote Labs
(Adapted from Deniz, D.Z., Bulancak, A.,& Oczan, G.51)
Feature
Hands-on
experience

Real Lab
The “Real McKay”

Degree of realism

High

Perception of
control
Degree of freedom
in experimentation

High

Support from Lab
Instructor

High. Limited by
lab facilities and
safety.
Only lab/office
hours.

Lab Support

Only lab/office
hours

Access Times

Timetable
(generally only in
academic period)
Lab period only
with minor
increases
Driven by lab
instructor/assistants
present.
Submitted lab
reports with strict
time limits
motivated by peers
and instructors to
submit on time.
Assistance (often
informally) from
Instructor and peers

Access limits
Supervision
Lab Progress
Monitoring

Supplementary lab
enhancements

Virtual Lab
Varies in quality
from poor “toy” to
realistic (e.g. aircraft
simulator)
Low
High (e.g. PID loop
control)
Limited by program

Remote Lab
Close to reality but
often appearing
through a “darkened
glass”
High if camera and
audio used
Medium to high
Limited by preconfiguration

Communicate 24/7 with email/live
chat/audio/video/ and access to LMS for
support
Communicate 24/7 with email/live
chat/audio/video/ and access to LMS for
support
Limited by lab manager; but it is
potentially 365 days/year
No real limits but queuing possible (esp.
near submission date)
More laissez faire with frustrations possible
with no immediate support.
Discipline required to work on report and
submit on time.

Often feeling of isolation and lack of
spontaneous informal contact can be tough.

Virtual and Remote Labs vs. Traditional
While it is difficult to compare the effectiveness of traditional, virtual and remote labs,
research shows that students tend to prefer the more hands-on traditional ones.52
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There is considerable research that indicates that the effectiveness of remote labs is
equivalent to that of traditional face-to-face labs (although inevitably, perhaps the devil is
in the detail in precisely defining “effectiveness”).53
Qualitative research on ‘cyberlearning’ articles in the Journal of Engineering Education
from January 1999 to October 2008 supported, to some extent, evidence that there were
no negative impacts on student learning in substituting remote labs or simulations for
traditional labs.54 Obviously, “the devil is in the detail” in this assertion as well.
A comparison was made between a virtual lab (based on Java) and normal hands-on lab
(a spectrophotometer) in terms of student learning for a test given immediately after the
experiment.55 There were no differences in outcomes.
Three different labs were compared, two physical and one virtual, in terms of intended
learning (metacognition) and actual learning (cognition).56 Metacognition is essentially
the student thinking about and assessing their knowledge gain and cognition is the actual
learning that has occurred. The two physical labs were an ion exchange and heat
exchanger, whilst the virtual lab was selected from either a virtual chemical vapor
disposition or a virtual bioreactor lab. Analysis showed greater awareness of
experimental design and more cases of critical thinking and higher level cognitive
thinking with the virtual than with the physical labs. There was concern about students
regarding the virtual lab not as an authentic experience and how this may impact on how
they construct their sense of reality and thus their learning outcomes.
Students' Learning Outcomes in Remote Laboratories
Remote labs have been extensively investigated over the past decade from the point of
the technical merits and benefits they can provide, but the effectiveness of remote labs
from the point of view of students' learning outcomes has only been briefly examined.57
An investigation was conducted on the learning effectiveness looking at two groups of
students using the same computer interface, with one group situated remotely and the
other locally (or proximally) in an aerospace engineering strain gauge experiment. Two
labs from a stand-alone lab course for 42 third-year undergraduate aerospace engineering
students at the University of Toronto comprized the course. The first lab demonstrated
the applications of strain gauges using pre-gauged cantilever beams to determine Elastic
Modulus, Poisson's ratio and the material loss factors for a range of materials including
advanced composites. The second lab, which was used in this research on the effects of
remote labs, investigated a subsonic wind tunnel using static and dynamic pressure
measurements to determine the section lift and drag coefficients of an airfoil. The
students were required to fill in two feedback surveys, one at the beginning of the course
and one after completing the airfoil lab.
No significant differences were noted between students who performed the experiment
locally in the lab or remotely from the lab, but no details are given on the number
allocated to each type of access and associated statistical analysis. The number of
students who preferred either mode (local or remote) increased once they had undertaken
the specific lab. This suggests that students who prefer proximal experimentation do so
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simply because of their comfort and familiarity with this approach. The type of writing
style was also related to the type of access. The vast majority of students noted that
remote labs should be included in the undergraduate engineering curriculum but not
replace the traditional local lab experience.
A very valid comment about all the above comparisons is that although much effort has
gone into demonstrating the technical feasibility of remote labs, much more needs to be
done about demonstrating the impact on student learning, especially comparisons with
traditional labs.58
Virtual Environments
Hands-on training on real equipment (as opposed to reading a book, website or attending
a lecture) is key to successful transfer of knowledge of students.59 A computer-based
virtual environment is a second best solution to achieving hands-on experience on real
equipment, but nevertheless it is considerably better than anything else. The advantages
are:
•
•
•
•
•
•
•
•
•
•
•

This represents flexible learning, allowing learners to access the system 24/7
whenever it is convenient for them.
The student can set their own pace in learning.
A high level of interactivity and engaging training environment can be achieved.
There are no problems with student injury or equipment damage.
Training costs can be minimized as there is no real equipment, instructors or
consumables.
Greater insight can be provided into equipment or processes (e.g. taking an
instrument or pump apart is easy to do virtually as opposed to the real equipment).
Non-interactive real equipment “dead-time” processes can be sped up (warm up
of a machine).
Improved (artificial) visualization of processes and equipment (such as cutting
planes) can be provided for greater insight.
Improved decision making training in providing artificial scenarios which may
not necessarily arise in real-life training.
Proactive adaptation to new equipment and resources before the equipment
arrives on site.
Real-time detailed course management information (such as statistics)

This will be assessed in more detail in the following sections.
8.5
Virtual Labs
Simulations can be subdivided into four different types, namely: branching stories where
students make multiple-choice decisions, interactive spreadsheets, game-based models
(such as computer-based Solitaire) and virtual labs/virtual products, which are the focus
of this discussion.60
Software packages such as PSPICE, Proteus or NI-Multisim are excellent as virtual labs
(or simulation) but don’t teach practical skills such as in assembling circuits, soldering
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and hands-on handling of test equipment (e.g. the vagaries of contact resistance in
applying a probe at different points to a circuit).61
Differences between a simulation, virtual experiment and virtual laboratory
The differences suggested between simulations, virtual experiments and virtual
laboratories are essentially:62
•

•

•

A simulation simply models the process or a learning situation (e.g. showing the
impact of insulation with varying thickness, types of materials and inside and
outside temperatures).
A virtual experiment allows a student to proceed through a specific activity with
step-by-step instructions (e.g. running a reactor from start up to full operation and
shut down and observing the various parameters). A complete virtual experiment
would include learning objectives, background reading, quizzes, outcomes,
learning criteria, assignment details, step-by-step instructions, worksheets / logs
and assessments and report writing.
A virtual lab includes a range of related virtual experiments which share
simulations and learning resources.

Advantages and Disadvantages of Virtual Labs
The advantages of virtual labs can be summarized as:63, 64, 65, 66
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Reduced costs (e.g. no facility costs).
Increased safety (and thus no liability issues).
Increased availability.
Ability to present the learning material on a more expanded scale.
Ability to record results automatically by the software.
Reduced administrative burden on staff in recording the student activities in the
lab session (the software does it all).
Ease of reconfiguring the experiments.
High range allowed in the inputs (with no destructive impact on lab equipment).
Non-linear range of experiments can be more easily handled.
Ability to run the lab experiments multiple times.
Allowing modification of experiment parameters without any risk of safety
violations or damage.
No equipment or component failure to compromise the experiment.
Ability to allow users to work at their own pace with greater in-depth learning
possible.
Boring theory can be invigorated with more practical and realistic simulations of
real world scenarios.
Varying degrees of detail (micro to macro) can be selected in undertaking the
simulation.
Less obvious relationships between experimental parameters can be studied in
detail.
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•
•
•
•
•
•

The ranges of the experiment can be extended into rare and abnormal extreme
regions.
Multiple “What if?” scenarios can be explored.
Simulation data can easily be gathered and compared to that from real situations.
Students like them as they are easy to use and feel like computer games.
Ease of setting up online (e.g., with no intermittent equipment connection
problems).
Usefulness as pre-lab sessions to prepare for a physical lab and reinforce
concepts.

The disadvantages are:
•
•
•
•
•
•
•
•
•
•
•
•

Probably the most important shortcoming of lab simulations is that they can’t
teach proper lab techniques and lab safety.66
Simulation is often unrealistic.
Virtual labs are often poorly designed with minimal learning outcomes.
There is a lack of student control over the lab with it running in a fixed sequence.
The process of making errors in the lab as part of the learning experience is not
easily replicable in simulation software.
They often don’t meet all lab objectives.
There are no real hands-on activities.
They are often too passive for deep learning.
They may not be challenging enough.
Many institutions will not accept courses based around them.
It can be very expensive to achieve appropriate level of quality.
There can be poor efficacy for students due to poor replication of realistic lab
environment and students’ perceptions that this is merely a simulation.67

Simulations are especially useful for pre-lab familiarization exercises (coupled with a
video on the actual lab procedure) and post-lab clarification of concepts learned during a
complex tactile lab.
The development of complex numerical modeling on fast computers has allowed the
engineer considerable more flexibility in use of simulations to replace traditional
experiments in achieving outcomes that are highly representative of the real world.68
In consideration of the 13 ABET objectives (ranging from instrumentation, models,
experiment and data analysis to sensory awareness), based on a refrigeration experiment,
achievement of all objectives were considered equivalent for a physical lab and virtual
lab apart from safety in which virtual labs provided no training, teamwork which was not
possible with the current hardware setup and sensory awareness which was of medium
achievement in physical labs and low for virtual labs. Hence, it is possible to replace the
physical lab with this virtual experiment. However, it would probably be optimum to
provide the virtual lab as a pre-lab exercise before the main physical experiment.
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The challenge with teaching some engineering subjects (such as structural failure) is the
difficulty of finding instructors with the necessary knowledge.69 A solution is to use a
simulated environment with all the required information built into the scenario in which
to conduct the learning experience. The key principles in constructing a simulation such
as this included:
•
•
•
•

•

Any training on a computer should involve the student in some process of
“doing”.
There should be several ways of supporting the learning.
A key part of the learning process is in failing and making mistakes.
An expert (or presumably an appropriately software driven response) should be
able to answer questions when the students make mistakes or are seeking further
information.
The learning environment should be of interest to students and should be in the
appropriate professional context.

Structural failure of a steel tank was placed in a simulated environment with the students’
task to identify why the failure occurred. This was well received with suggestions for
more context to the failure by using additional photographs. A series of screens are
provided which pose questions and allow selection of various alternatives.
As alluded to earlier, the most powerful application of simulations and virtual
experiments are those that are immediately followed by a hands-on activity to contrast the
theory and practice, and to provide a solid work-related context for the student.70
As with a flight simulator, which is considered to be extremely useful and, indeed,
indispensable for airline pilot training, virtual labs are useful in allowing would-be
engineers the opportunity to practice their skills.71
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Figure 8.6: A Typical Flight Simulator
A major advantage of virtual labs is that data collection is performed virtually, thus
reducing the student's cognitive load and allowing all the student's effort to be focused on
developing their knowledge in the analysis and interpretation of the data.
In addition to simulations, another key part of online learning courses in engineering is
the provision of remote labs.72 Effective learning in engineering can only be achieved
with theoretical courses combined with lab work. Simulations generally present an
idealistic result, whereas a remote lab is dealing with real equipment and real physical
phenomena.
An interesting comment about remote or virtual labs, was that it was effectively “second
best to being there”.73 Remote labs have become easier to set up because of cheap
computing power, the broad reach of the internet and easy-to-configure data
communication capability of most instruments and lab equipment. An important issue to
emphasize is that although remote labs are often regarded as “second best” to physical
hands-on labs, they really provide a different set of learning outcomes.74 A benefit of
doing experiments with equipment has often been stated by students to be the “hands-on”
nature of this work, even though this on occasion may be done remotely.75 However, it is
possible that for the latest generation of students that “hands-on” means something
different to earlier ones. Remote labs will be discussed in more detail in the following
section.

239

8.6
Remote Labs
There are four main application areas for remote labs:
•
•
•
•

Expensive Equipment, where for example an expensive electron microscope or
telescope needs to be remotely accessed.
Access to 24/7 labs for students to work outside hours or repeat sessions.
Distance education access for students who need to perform labs but are remotely
located.
Convenient assessment of new instruments remotely.

Today, most instruments used in basic engineering courses are easy to control and
monitor remotely, thus ensuring successful implementation of introductory electrical
engineering courses specifically for remotely located students.76
There are two types of remote labs. This first is the queued or batch experiment where the
user uploads the experimental parameters which are then queued and executed.77 This
type of experiment is suitable for extremely fast reactions (msecs or shorter) or very long
(more than an hour).
There were some doubts expressed in the use of the batch mode of remote labs as this
failed to provide participants with a real feel of presence; they felt disconnected from the
experiment.78 As the term would imply, batch mode labs are based around batch
processing; the sequential execution of a series of jobs in an automated fashion (using a
computer).79 The main advantage of batch mode labs (compared to those which operate
in real time) is the easier sharing of resources between many users. The time of execution
is somewhat more flexible and there is better amortization of the costs of the lab
resources.
The second type is the interactive one that is generally shorter than an hour and is
generally preferable to the student. These will be the focus of this book.
Components of Remote Lab Environment
Individual components of a remote lab environment include sensors, actuators, data
acquisition and control unit, computer, web cameras, database (for authenticating users
and for experimental data), a web server and chat room (with audio and video).80
Recently on the market there have been instances of an embedded web server with
microcontroller and data acquisition functions embedded in the one chip (e.g. Freescale).
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Figure 8.7: A Remote Lab Environment
One potential web interface structure for accessing remote labs would have different
access points. The first access point would be where the student is granted log in access.
The second one is where the documentation for the experiment and related work is kept.
This would include theory notes, procedures for the experiment, videos of the associated
lectures and demonstrations. The third access point is where the student downloads the
software resources required for the experiment. The fourth point is where simulations can
be performed in a virtual lab setting. The fifth access point is the physical remote lab.81
Remote labs are examined in some detail in the following discussion. They could be a
key to providing hands-on practical interaction with real equipment and thus providing an
opportunity for more interactivity, and as discussed earlier, the transfer of tacit
knowledge.
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The Advantages of Remote Versus Virtual and Classical Labs
There has been some conjecture about the merits of the various approaches to hands-on
lab work. If one breaks up the educational goals of a lab into four sections, such as
conceptual understanding, design skills, social skills and professional skills, then with
hands-on labs, all goals are catered for.82 Simulated (or virtual labs) focused on
conceptual understanding and professional skills whereas remote labs were oriented
around professional skills and conceptual understanding.
Another point to consider is that the modern lab has most of its equipment mediated with
computers meaning that although the learner may be next to the equipment he is working
through a computer to control it.83 It is also important that the learner has belief in the
effectiveness of the technology. This is far more important than physical issues such as
separation. Finally, other factors that are important to effective lab sessions are
motivation, peer collaboration, “sensemaking”, quick and effective feedback and
excellent media.84
Good simulated labs are widely considered to be as effective as traditional hands-on
labs.85 There is an opportunity for raising the level of interactivity considerably, reducing
the risks of possible hazards, communicating difficult concepts and perhaps reducing the
expense.86 However, there was some concern about the disconnection between the real
and simulated worlds, oversimplification and the significant costs of simulation systems.
Others remarked on the fact that they might be perceived to be simply a mathematical
model where certain inputs always result in the same outputs and no uncertainty (such as
electrical noise) giving the wrong impression of working in the real environment.87 Many
have commented that despite a virtual lab being an exact replica of the real world,
students can be wary about them, as they don’t believe they are real and thus are a
substandard experience.88
Remote labs go some way to addressing these deficiencies of virtual labs.
It is also important for the student to make mistakes when working in a laboratory. This is
an excellent way of learning. When the student has an error in what is being done, and
then learns how to correct it, some learning will take place. This approach is possible
with remote labs and traditional labs; but not necessarily so with simulations.89
Advantages of Remote Labs
There are a significant number of advantages in using remote labs.90, 91, 92, 93
Major Benefits
•
•
•
•
•

Students can log onto experiments anywhere and at any time.
They are easy for remote students (from the equipment) to work with.
They replace expensive lab equipment.
They allow easier and wider access to expensive equipment (e.g. electron
microscope).
They allow for multiple students to access more efficiently.
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•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

They give more comprehensive experimental experience.
There’s a more realistic representation of the experiment.
They allow for self or flexible learning.
More meticulous monitoring of lab performance of learners is allowed.
There’s less overload (greater efficiencies) of lab infrastructure.
They are safer (lower level of liability) due to distance from equipment.
There’s quicker and more accurate configuration of circuits, thus building up
confidence.
They allow hands-on learning for distance education students.
You can run live remote labs during standard face-to-face classes.
An instructor is able to review a student’s experimental results remotely without a
face-to-face meeting.
They take much less time than a traditional lab format to perform experiments.
Students spend less “dead time” on instrumentation and extraneous administrative
issues.
They are easily accessed by the disabled.
They support students who want to learn on their own.94
They provide easy scalability.94
They allow experimental data to be stored and reviewed later.94
They make for easy demonstration of practical experiments both online and in a
classroom session.94
They are more economically feasible than local labs for the same scale and
quality. 95
They ensure a student systematically adheres to the required (presumably
optimum) procedure in a lab, such as reading the manual and watching an
introductory video before commencing the experiment.96

The capital costs of lab equipment and their limited usage can make the whole exercise in
a real lab prohibitive.97 A process control rig at Loughborough University chemical
engineering department for the instrumentation and control course cost £15,000 and was
only used for 30 hours per year.
A further opportunity is to observe a student’s work in a remote lab unobtrusively and
monitor their progress and thus guide them.96
In comparison to traditional labs, remote labs offer students the freedom for extensive
exploration without restrictions of close monitoring of supervisors and time.98 However,
they do require considerable more responsibility on the part of students for their own
learning.
Less Important Advantages
•
•
•

They allow your imagination more free rein.
They concentrate valuable lab resources in one location.
There’s better reinforcement of training concepts for working on real equipment.
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•
•
•
•
•
•
•
•
•
•
•

Students are coached to work in remote mode–a useful job skill in the future.
They allow students to follow their own pace and learning style in tackling the
work.99
They generally meet most lab objectives.
They provide support for traditional hands-on labs.
They provide a richer experience than mere simulations as real equipment still has
surprises and imperfections.100
They stimulate skills in working in a (often virtual) team.101
They stimulate presentation skills.
They allow for an increase in experimental schedule and location flexibility in
previously rather rigid lab timetables. 102
They are excellent examples of new technologies and philosophies that work. 102
They can help to coalesce in practical reality, concepts covered in lectures. 102
Students have increased autonomy in their learning (as recommended in the
Bologna philosophy). 102

It is important, however, that the learner does not get sidetracked by the user interface
and they feel that can connect to the real equipment being used at some remote
location.103
It cannot be denied that the hands-on experience with real equipment is still critical for
engineering education and training.100
Other Remarks
Remote labs with large screen monitors and zoom-pan capabilities may actually be a far
more meaningful experience than being crouched at the back of a crowded lab, similar to
the perhaps more detailed viewing in watching a football match on wide screen HDTV
with multiple views from different angles and detailed slow motion replays of critical
incidents.104 In addition, multimedia features (including augmented reality) with
interactive simulations to illustrate the theoretical concepts may actually contribute to a
far more meaningful learning experience. Naturally, if these approaches can be built into
a classical lab with dedicated and experienced lab assistants, this would be the best.
Remote labs are great for students commencing their engineering studies as they avoid
being inundated by the usual trivia in connecting up wires and other unrelated problems
to the experiment.105 This can build up their confidence and enthusiasm for the topic.
However, in the real world, arguably dealing with the so-called “trivia” is perhaps the
most important item in a successful engineering project. The fact that one wire hasn’t
been correctly earthed via a screw terminal resulting in intermittent communications
failures could count for the difference between success and failure in a project.
There is strong evidence that students who undertook physical and simulation based labs
in their courses performed equally well in a test in a physical lab.106 In addition, there was
no difference in the physical time taken to complete the physical labs. Simulation and
remote labs are especially appropriate for those mature age professionals who have
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already trained in using general electronic test equipment such as oscilloscopes, function
generators, power supplies and digital multimeters.
Disadvantages
A list of disadvantages is as follows107, 108
•
•
•
•
•

Slowness in the response due mainly to the telecommunications links can be
irritating.
There is difficulty and extra thought that has to go into their construction and
operation compared to a simpler classical lab.109
They can be costly.
They are not widely available.
They sometimes do not meet all lab objectives.

Other concerns were that a student receives minimal experience in handling real
equipment, there are less real world problems such as broken wiring connections and the
complexity of connecting up the equipment correctly is hidden from the student. The
suggestion was thus made to use remote labs before engaging in the more challenging
residential labs.110 Delays in communications between the learner and the remote lab and
the lack of immediate access to a tutor who is a fixture of a residential lab are other
concerns.111
When the experiments are pre-determined, the variation of the work can be limited.112
Other comments relate to adding another software layer between the real equipment and
the learner.113 Some authors even believe that remote labs actually restrict the learning
process.114
Other approaches to handle the distaste for only having a web browser and no physical
equipment was to provide each student with a intelligent breadboard, electronic
components and some microprocessor based circuitry, thus allowing the student to
interface to a remote lab in this way with a more hands-on experience with real cables
and components and thus variation in the experience.115
The lack of hands-on experiments and in handling real instrumentation such as
oscilloscopes, power supplies and signal generator is a problem for remote labs.116
The next issue is the lack of unpredictable disturbances in the measurements in remote
labs, whereas in real world labs, conditions are more realistically unpredictable.
Most remote labs are based on simple scenarios such as only PID control for control
engineering as opposed to the more realistic industry-wide usage of cascade control,
feedforward compensation and state-feedback.
Hands-on traditional lab work often involves gaining experience with other competencies
such as working in teams to deadlines, working out schedules, communicating effectively
to others and managing conflict. It is difficult to replicate this in a remote lab.
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One concern with remote labs is that the equipment and actual definition of the lab is
predefined with a reduced level of variability and uncertainty in the design and
construction of the experiment–something which unfortunately is a key part of real life
experimentation as most engineering students know when undertaking labs on-campus.117
This is thus an aspect of the student’s learning which needs to be supplemented at some
later stage.
It is felt that remote labs and simulations cannot fully replace traditional hands-on labs,
with only 4 of the 14 ABET educational objectives achievable.118 Remote labs should
never be considered a total solution to the requirement for labs, but rather a
complementary solution.119
A telling observation is made that the majority of the literature tends to focus on the
technical issues of remote labs rather than the real pedagogical benefits to (distance)
learners.120
Many of these disadvantages of remote labs relate to the contempotary workplace. It
should be noted that the workplace of tomorrow will contain a significant amount of
remote collaboration and control; and experience with remote labs will help significantly
in developing skills in this area.121
A Variety of Remote Labs
A variety of remote labs is potentially available, with subtle distinctions between them.
These are where the user can:122
•
•
•
•

Use instruments to carry out specific defined experiments (e.g. the iLab
Microelectronics Device Characterization lab).
Design and perform practical exercises only with pre-built experiments (e.g.
ISILab).
Modify certain predefined parameters in the circuit under test (e.g.
RemotElectLab).
Build a circuit under test using a range of discrete electronic components (e.g.
VISIR or NetLab).

Virtualization of Instruments Driving Remote Labs
One other impetus to easing the construction of remote labs is the ongoing virtualization
of all instruments especially oscilloscopes, signal generators, multimeters and
programmable power supplies using such software package as LabVIEW with their
associated Virtual Instruments (or Vis)–replacing (or preferably complementing)
traditional instruments.123 At the University of São Paulo, third-year electrical
engineering program, virtual workbenches are used to illustrate frequency response of
multimeters, designing resistive and inductive bridges, getting acquainted with a digital
oscilloscope, RC and RLC responses and transient responses of RLC circuits.
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Invalid Transfer Credits with Online Labs
Many accrediting organizations refuse to accept online labs and institutions will refuse to
accept students who have only performed their labs online with simulation software (e.g.
the American Chemical Society).124
Suggested Overall Strategies in Designing Virtual and Remote Labs
As a result of building a simulated environment for a biological experiment (for a
classical immunological technique referred to as single radial immunodiffusion), a few
guidelines were used:125 The lab should have clearly defined objectives which the student
can understand, the student should be able to learn by doing, it should be highly
interactive and there should be a high degree of flexibility in interacting with objects–
only tempered by a degree of guidance or control in achieving the educational objectives.
Virtual vs. Remote labs: Which is Better?
The inevitable question of which was better was investigated in this research, where a
simulation vs. a remote lab for a chemical engineering lab session (on process operations
dynamics and PID controllers) were compared.126 There were a total of 8 lab assignments
where the simulation comprised using ControlStation and the remote labs comprised level
control and a heat exchanger. A survey of the 19 students indicated a preference for the
ControlStation simulation and no significant differences between the two approaches in
terms of understanding and real life nature of the learning. It would appear that the results
may have been biased by the difficulties in accessing the remote lab immediately before
the assignment was due, as only one student can access this at a time. Whereas for the
simulation, there are no restrictions for the number of students.
To recap an earlier discussion, the educational goals of laboratories include:127
•
•

•
•

Conceptual understanding. This helps students grasp concepts espoused in the
classroom and to engage in associated problem solving.
Design Skills. This improves the student’s ability to solve open-ended
(ambiguous) problems through design and construction of new elements and
processes.
Social Skills. This helps students to work productively together in teams solving
engineering problems.
Professional skills. It is possible to achieve a level of professional skills to apply
in the workplace.

A review of the literature showed that for hands-on labs, all four educational goals are
comprehensively addressed (especially conceptual and design skills). Virtual labs tend to
be biased towards professional and conceptual skills (rather than design and social skills).
Finally, remote labs focus on conceptual understanding and professional skills with a
minimal focus on design skills and social skills.
A Comparison Between Remote, Proximal and Simulated Labs
It was found that in comparing remote, proximal and simulated modes in working with
lab equipment, different access modes affected the various learning outcomes in varying
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degrees. 30% of the students preferred the mode that they had experienced and a
significant 60% preferred the proximal mode.128
A comparison between proximal and remote labs showed that students with a visual
cognitive preference tended to regard being physically present as less important; while
students with an aural cognitive preference also tended to find remote labs more
immersive.129 Approximately 90% of students found remote and proximal experiments
equally effective.
There is a transition process reported for the engineering students in different years.130
When they commence university in the first year, they initially embrace virtual labs
(perhaps because these are similar to the computer games which they have an affinity
for), and then less so in subsequent years. Remote labs (and traditional labs) show the
opposite trend with increasing interest in higher years.
Students tend to show increased comfort with remote labs after having used the system,
with the preference of students at the University of Toronto Aerospace Engineering third
gear increasing from 33% to 48%.131 Most of these students felt that remote labs should
be included in the engineering curriculum but not at the expense of proximal
experiments.
In a comparison of virtual, proximal and remote labs, there was a definite degradation of
low-level skills for remote control of a robotic manipulator against the other two
modes.132
A suggestion on the structuring of labs for each of the four years of an engineering degree
was an emphasis on simple real and virtual labs for the first year, an equal mix of all three
types for the second and third years and complex equipment-based in both real and
remote labs for fourth year.133
8.7
Home Experimenter Kits
Besides remote and virtual labs, another good solution for distance learning students
requiring lab work has been home experimenter kits and intensive residential sessions on
the university campus (discussed earlier).134 An example of this approach included an
online course for digital signal processing where the hands-on experience was provided
using a development kit at the student’s site.135 This particular course used streaming
video with synchronized slides. Overall, the students were satisfied with the experience
but the lectures did require a considerable amount of time to prepare.
Examples of the different approaches to home experimenter kits are outlined below.
Introductory System Dynamics
Two types of take-home kits were created by the Department of Mechanical Engineering
at the University of Minnesota to provide a home lab to explore concepts in introductory
system dynamics and control.136 This was considered far more convenient than relying on
a central on-site lab. The major design requirements for the equipment were high learning
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impact, rugged, small, simple, cheap and easily constructed. The lab kits comprised three
parts: Visual Basic program running on a host PC (provided by the student) and
communicating to the lab board through a serial port, a controller board and the dynamic
system that the student experimented with. Two variants of lab kits were constructed: a
fourth-order mass spring damper (showing time, frequency response and resonant
systems) and an analog filtering system (showing first order high and low pass networks).
Thirty of each type of lab kit were distributed to students and the post lab quizzes showed
an increase in knowledge with the students making favorable comments. The only
disadvantages were the lack of a detailed manual and the difficulty of installing the
software on a few computers. The designers felt that some of the issues that needed to be
addressed for the next batch were excessive assembly time of the kits, some of the lab
concepts were too advanced (e.g. fourth-order systems are too complex for entry level
students), some PCs don’t support all hardware requirements (e.g. line input jack) and
software installation needed to be simplified significantly to eliminate support requests.
Analytical Chemistry
Online learning and labs applied to higher education provide the opportunity to break
some of the barriers in the developing world especially with regard to the few women
undertaking engineering and science-based degrees. An innovative approach to distance
learning for the Analytical Chemistry course, by creating labs (and providing associated
web-based courses) that could be conducted at home for the distance learning students
had been constructed. In Sri Lanka, a suggested approach comprised a lab using easily
accessible materials / chemicals and equipment.137 An example was given of a home kit
comprising flower extracts of the morning glory plant (as a replacement for
phenolphthalein, an acid-base indicator) with potassium iodide, test-tubes and filter
paper. The feedback from students has been positive.
Affordable Portable Electronic Lab Kits
A set of portable lab kits was designed and built for Virginia Commonwealth University
students for introductory electronics courses due to concerns about the three other
alternatives of traditional labs (too expensive), remote labs (no “hands-on”) and
simulations (no experience of real physical phenomena).138 The lab kit comprised a
computer controlled instrument interfaced to a computer and controlled through a web
browser, with dual channel oscilloscope, chart recorder, dc power supply and signal
generator. This lab kit (referred to as an e-lab) was used to construct a robot through 12
experiments. Supporting web-based presentations for this low-cost kit included
interactive lab content with questions and immediate answers (with feedback to the
instructor for possible help), vivid graphics and photos, custom tutorials, detailed
assistance with construction of experiments and templates to help with the lab reports.
Feedback on this being an enhancement to the traditional lab experience was positive
overall, although there was excessive time in completing experiments and difficulty
understanding some of the experiment requirements (such as wiring). Effectively,
instructor assistance would have made a big difference.
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The Mobile Lab
Most engineering lectures suffer from the discontinuity between theory and practice.139
The optimum approach would be to bring the lab into the classroom and thus to engage in
immediate experiential learning. The Department of Electrical and Computer Engineering
at Howard University has successfully introduced this concept as a Mobile Studio, which
brings the lab into the classroom with a mobile portable computer (or tablet) and
associated data acquisition hardware and software (including functionality of oscilloscope
and signal generator). There is no reason why this can’t be extended to presentation of
tutorial sessions through web conferencing and use of remote labs with students no matter
where they are located in a distance learning environment.
Digital and Analog Experiments
Deakin University (Australia) has provided a kit for teaching practical skills for first-year
electronics to distance students comprising a series of digital and analog experiments.140
The main limitation has been the lack of alternating current (ac) experiments that required
an ac signal generator and oscilloscope. Interim but somewhat troubled alternatives have
been to simulate the ac components of the practicals, run weekend lab classes, access
local labs, and travel to Deakin to attend the weekend classes. An approach was to
develop a prototype battery powered ac signal generator and to use an oscilloscope
software package that could run on the sound card (but with very limited voltage range).
The solution was to create the Home Electronics Laboratory Pack (H.E.L.P.) comprised
of two channel PC-USB oscilloscope (PoScope), audio signal generator, digital
multimeter, logic probe and assorted probes and test leads. Not only would the kit be used
for first year electronics but also there were also plans to use it in second-year analog
electronics courses (comprising small-signal transistor amplifiers and signal processing).
The general feedback from students was that the lab exercises weren’t that exciting and
the practical application of the circuits was also missing.141 Hence a robot platform was
introduced with various digital and analog electronic circuits used as control inputs to the
robot (SumoBots from Parallax). The SumoBots has a breadboard for developing circuits
and is mounted on two sensors for detecting obstacles and two other sensors for detecting
black and white lines below it. Control is via a Microchip PIC16F57 microcontroller.
Each student (on-campus or off-campus) received a pre-assembled robot with the original
experiments revised to work with the robot. There was a discernible increase in the scores
for lab reports (esp. for the off-campus students) in the use of the robot kits, although
there was a suggestion that more assistance needed to be provided to the off-campus
students. The students’ response to the use of the robot platform was very positive.
Technically there was a problem with the SumoBot’s breadboard being too small and a
supplementary breadboard was provided (but this reduced the robot’s mobility).
Supplementary videos were created to illustrate the experiments in more detail.
PC-based Digital Storage Oscilloscope and Signal Generator for Home Labs
Physics and engineering departments are always striving to find a low-cost methodology
to demonstrate basic electronic concepts in a home lab environment.142 An innovative
method demonstrated at Edith Cowan University was to use the ubiquitous computer
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sound card with freely available software (e.g. Zelscope, BIP Electronics Lab
Oscilloscope, Soundcard oscilloscope and Virtins Sound Card Oscilloscope). The
Soundcard oscilloscope and signal generator was selected. It was also free for public
education purposes. The student could then examine the frequency response of ac circuits
(and dc transient effects of RC and RL circuits) using the signal generator to sweep the
frequency range of interest. The overall cost was low (electronic components and cable
from headphone jack). One reservation was that the software interface needed to be
identical to the on-campus oscilloscopes and signal generators and LabVIEW software
was thus required to develop the in-house software. In addition, it was necessary to
investigate other electronic devices such as diodes and transistors; unfortunately the
sound card generates a dc offset and thus it may be worthwhile considering a USB data
acquisition card.
Electric Circuits and Digital Logic Courses Converted to Online Format
At Morgan State University, the digital logic course met for three 50-minute periods each
week over a semester and enrolled 80 students per year.143 Topics covered include logic
gates, Boolean equations, memory and VHDL with some of the work done in a computer
lab where the students (in small groups) demonstrated lab exercises that they have built
on a prototyping board and tested.
An online course was then put together based on this traditional face-to-face course.
The online course was divided into modules that lasted about two weeks. These were then
broken down further into sub-modules that a student could work through in an hour. A
lecture capture tool (Panopto) was used to record lectures with video and PowerPoint
components. Each lecture could be downloaded through the Blackboard LMS.
The lab exercises were based around the Rensselaer IOBoard™–a small affordable
printed circuit board used with the Mobile Studio Desktop software. This could be used
as an oscilloscope, function generator, spectrum analyzer, voltmeter and I/O. The board is
connected to the PC through a USB port (also providing the power required).
Online students tested their prototype circuits at home and then demonstrated the success
of their endeavors to an instructor using Adobe Connect web and videoconferencing
software. The labs (and equipment) were identical for both face-to-face and online
students.
The lack of interaction in this set up was considered a problem and a discussion forum
was put together to enhance this with regular weekly discussions. The online course
ended up having about ten students with 15 to 25 in the face-to-face course.
Mobile Labs Boost Learning
Research has shown that students who used the mobile studio frequently with extensive
(instructional) support and more time to practice, were more likely to achieve in the
content absorption and affective learning areas (e.g. confidence, motivation to learn and
self-direction), in contrast to those who rarely used the board or had moderate to minimal
instruction time.144
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The opportunity with the mobile lab approach is the ability to offer a positive blend of
simulations, pencil-and-paper problems, video lectures, online materials and live
immediate accessible mobile labs.
The use of mobile labs with low-cost experimental kits travelling with the students means
that the lab can be moved to the classroom and the silos between classroom and
traditional lab can be broken down.145 Sources of remote lab equipment include not only
from Rensselaer Polytechnic Institute but also from National Instruments and Digilent.
Barriers to implementation of mobile labs included instructors and students’ prior lack of
constructivist experience with mobile lab devices. More use of these devices increased
the level of confidence and enthusiasm. With less than an hour to set up a mobile lab, the
effectiveness tends to increase with familiarity. Two other barriers were the lack of
supporting resources and easy access to the mobile lab boards.
Commercially Available and Assembled Lab Kits
Science labs (e.g. chemistry) can be constructed using common ingredients sourced from
the home environment.146 However, these vary dramatically in quality (depending on
student) and perhaps are too simple, they are generally not acceptable to institutions. It
should be noted that there have been some notable successes with the “anytime,
anywhere chemistry experience” where the students at home outperformed their campus
peers. Instructor-assembled labs can be a significant improvement in achieving all
objectives and are cheap but require a significant ongoing investment from the instructor
for support with potential liability and safety issues.
Thus there has been the development of commercially available labs for students such as
Hands-on Labs (LabPaq.com) for a range of subjects such as biology, physics and
forensics. Other suppliers include: eScience Labs (esciencelabs.com) and Quality Science
labs (qualitysciencelabs.com). It would appear that if these were available for the
appropriate course they would be the optimum approach to follow as an off-the-shelf
solution. The only major negative is the cost and often prohibitive shipping issues, and,
naturally, the wastage of what to do with the lab equipment when the course has finished.
Surveys showed that students have a high level of satisfaction with these labs and
perform at equivalent or better levels to their on-campus peers.
Commercially Assembled Lab Kits thus closely replicate the wet campus labs, can meet
all lab objectives and be widely accepted, are convenient, flexible and easy to use and
provide a complete package (manuals/software and materials).147 The disadvantages are
that they can cost significantly more, do not have immediate instructor support and are
generally more challenging and time intensive for students.
It has been suggested before that home experiments are only suitable for primitive or
basic experimentation due to the availability only of affordable multimeters and
soundcard-based oscilloscopes; but nothing more sophisticated.148 However, the cost of
hardware and software has fallen dramatically; so this is not necessarily an issue any
longer.
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Home Labs for First-year University Chemistry Students
Home lab kits for a first-year university chemistry course were successfully employed by
Athabasca University in Canada.149 The challenge was to balance portability, robustness,
safety and cost against achieving university-level quality. The cost of the kit was
approximately $C800 and was shipped to each student with no kit deposit but grades
were withheld until the kits were returned. The experiments conducted were relatively
sophisticated and included calibration and use of a pan balance, assessment of amount of
AcetylSalicylic acid using a spectrophotometer and separately using acid-base chemistry,
determination of universal gas constant and determination of the stoichiometry of a
reaction using a redox titration. A critical part of the lab was the provision of a CD
containing video clips emphasizing safety and showing competent lab techniques. The
grades showed the home study labs were equivalent to the supervised labs (and were
often better). However, the improved performance and success of the exercise was
ascribed to a large extent to the more mature distance students, with more experience. An
important benefit was the increased ability to “contextualize” the learning for the student
reducing the level of intimidation provided in a university lab and emphasizing the
universality of chemistry throughout the world (especially in a home environment).
Control System Experiments at Home
Undergraduate mechanical engineering courses in system dynamics, control,
mechatronics and vibrations were supplemented with a low-cost take-home kit costing
less than $150. The kits were designed and constructed at the University of Rhode Island
with three components: the hardware interface board, the experimental hardware and a
Windows-based interface.150
The hardware interface board was built around a PIC microcontroller (Microchip
Technology) with additional RAM, driver chips for motor and heater control experiments
and a USB-interface. The user interface program was written in Visual Basic Express
2008 and the embedded program developed in C. The different experiments developed
included: a motor control experiment using a small dc motor with a built-in tachometer.
The objective was to calculate the optimal PI parameters and then to compare them with
those calculated through MATLAB. A temperature control experiment was conducted
based around a copper plate heated by a 10W silicone-rubber heat strip. The model
created was used to design a PI controller.
A website with appropriate YouTube videos showed how to set up and run the
experiments. Students were satisfied with the labs and there were improvements in test
scores. It was claimed that there was also a leap in mechanical engineering student
interest as a result of the focus on these laps.
Micro Web Lab
A suggestion was to combine the National Instruments MyDAQ with LabVIEW together
with the low-cost AX-1 experimentation board (Innovative Experiment Company) which
provides a dc supply, clock generator (1Hz, 10Hz, 100 Hz and 1kHz), logic switch,
binary decoder, pulse switch and breadboard.151 When used in a remote lab setting, this
combination of equipment was referred to as a MicroWebLab.
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A Remotely Conducted Microprocessor Lab with a Focus on Measurement
It was pointed out that most introductory microprocessor courses comprise lectures and
associated labs where the student programs a microprocessor and only interacts through
rudimentary I/O devices, LEDs and buttons.152 As an alternative to this, a course and
associated lab was created with a focus on measurement of the real-time digital signals of
the microprocessor. The objectives were for the students to be able to describe the basic
architecture, detail the addressing modes and I/O interface, understand its timing, analyze
a timing diagram of the interaction between microprocessor and memory and synthesize a
timing diagram of a given read/write cycle between microprocessor and memory.
It was suggested that this would provide a far greater depth of knowledge of the
microprocessor and especially help those students who would be designing
microprocessors and associated hardware and software systems in their professional
careers. Research was conducted on two variations undertaking the traditional nonmeasurement lab with one group (20 students) having access to hands-on measurements
and the other group (20 students) having access to remote measurements (using a logic
analyzer). Each lab station was equipped with a Tektronix 34-channel portable logic
analyzer running on Windows XP; thus allowing students to access the instrument online
(and remotely) using the Remote Desktop Connection. A Freescale HCS12
microprocessor module was used as the target device. Student programs were developed
and downloaded to the project board using the Remote Desktop connection.
Assessments were created comprising self evaluation surveys, multiple choice questions
and short answer questions using the Desire2Learn LMS was used. The results showed a
greater understanding of topics that required more visualization with the logic analyser.153
There was no significant difference between remote and hands-on measurement in the
results.
The Pandora’s Box for Distance Electrical Engineering Students
The authors from the University of Washington felt a low-cost (~$200), portable but
effective lab (labeled “Pandora’s box”) was needed for electrical engineering students,
either on-site, online or at-home for both the two or four year curriculum, providing a
hands-on lab experience, as contrasted to that of the virtual or remote labs.154 As we all
know, students learn particularly with hands-on work, even when circuits fail and they
have to identify the problems and fix them. I clearly remember working in the university
electrical machines lab when Henry, a fellow student, blew up the rheostat in a cloud of
smoke due to overcurrent. Despite the irritation of the lab staff, we all learned some key
lessons about overcurrent protection. Particularly in 2004, when this portable lab was
built, there were not many suitable low-cost solutions for distance learning students, as
the standard lab bench with power supply, oscilloscope and signal generator could cost
up to $10,000.
The hardware design had five subsystems: power supply (+/- 5Vdc), function generator
up to 1 MHz (Maxim MAX038 chip), oscilloscope operating up to 1MHz (using an
Analog Devices AD9281) transferring data through the USB port to a PC, a controller
(Cypress programmable controller CY37128P100) and a communication controller
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(CY7C64613) from the board to the USB port. The software component running on a PC
was the ubiquitous LabVIEW software tool in conjunction with other packages such as
SPICE or MATLAB for analysis.
The Pandora box supported a range of labs including circuit theory, linear systems, digital
logic designs, analog circuits, analog electronics and simple filter designs.
Student responses to the use of the Pandora box were glowing and it was used in the
university distance learning courses as well as with partners such as the University of
Alaska and community colleges. Suggested improvements for the future, while still
keeping the costs low, included better frequency and amplitude control and settings in the
function generator, more memory for the oscilloscope and a more robust and reliable
product.
A Portable Affordable “Real” Lab Kit
The authors at Kansas State University noted that electrical engineering circuits and
signals courses rely on coursework and handwritten homework.155 After an investigation
into the availability of portable labs for students, they elected to create their own with the
following criteria: large enough breadboard for complex circuits covering the full gamut
of the course, portable, license-free software, durability and most importantly,
affordability (~$200). The challenge with virtual and remote labs is that they do not help
the student gain skills in circuit construction and actual use of equipment. This approach
addresses this shortcoming.
The objective was to create a signal conditioning and analysis kit independent of
benchtop lab equipment (such as oscilloscopes, function generators, multimeters and
power supplies). A National Instruments USB-6009 data acquisition unit was selected
and combined with a built-in waveform generator (Exar XR-2206) Integrated Circuit for
periodic sine, triangle and square waveforms. A free LabVIEW student Edition license
was provided with a pre-built Virtual Instrument (VI) for those students who couldn’t
create a LabVIEW interface. The cost was $250 (including desktop power supply and
parts/tools storage area).
As part of the exercise, students were required to construct, debug and evaluate an active
second-order Butterworth lowpass filter and describe the behavior of the filter with
different input sinusoids and square waves. A survey indicated that the students were
satisfied with the experiments and kit–even those who had no experience in building
electronic circuits.
Further work on this project by the staff at Kansas State University Electrical and
Computer Engineering Department who collaborated with the East Carolina University
Department of Engineering to develop a mobile hands-on lab for use off-campus and at
home as a supplement for the lecture- and lab-based courses on a traditional campus.156
The rationale for developing this included:
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•
•
•
•
•
•
•
•

Lectures and labs should be tied closer together (especially in terms of time) to
improve the learning process and make the lectures more interesting.
Traditional labs are hard to scale upwards for greater student demand and thus
result in overcrowding (and significant costs).
An improved pre-lab experience is required with real equipment.
Time is not effectively used in undertaking lab sessions due to overheads and
inefficiencies in using the time efficiently.
Labs should be open for use at any time.
Labs have to be wide ranging in covering material from many different
disciplines.
Labs that are based around virtual instruments (such as software running on a PC)
can be very effective and affordable.
It should satisfy students who are culturally attuned to being connected to
consumer electronics.

A low-cost Rapid Analysis and Signal Conditioning Laboratory (RASCL) kit was
successfully built and demonstrated, and the next RASCL version 2.0 and latterly 3.0 was
then created based on the experiences here, with twice the prototyping area, better
function generator controls, improved layout and audio input/output jacks. The latest
version of National Instruments' USB-6009 portable myDAQ unit was created with an
estimated costing of ~$225 but with far more features than earlier versions.
Typical learning modules that have been created for the higher level engineering
programs of Linear Systems, Biomedical Instrumentation, Electric circuit Analysis and
Instrumentation and Controls include circuit analysis, RLC circuit responses, filters,
Fourier series, op-amps and data acquisition.
This approach is scalable for any number of students and allows for labs to be built into
the classroom lecture programs without any changes or cost impact on the existing
educational labs, as these kits are very affordable. It is hoped that National Instruments
will commercialize these kits thus making them available on a considerably wider
worldwide basis.
Further research was conducted into the next iteration of these labs with the PEEK
(portable electronic equipment kit); based around National Instruments’ ELVIS drivers
and their myDAQ data acquisition hardware as well as the RASCL board.157 This set up
was used at home in conjunction with the normal university labs to undertake an
introductory circuits course covering introduction to test equipment, op amps and design
of a temperature alarm project.
A number of problems were encountered:
•
•

Expecting students to switch between bench and the portable equipment was
simply too demanding.
The exercises and RASCL board should have been tested more exhaustively to
eliminate bugs before exposing the kit to the students.
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•
•
•

There was insufficient preparation time for the instructors to learn about the
portable kit and its associated experiments.
The RASCL tool had some ambiguities about connecting components (e.g. power
and ground) and this confused the students.
The virtual support (using Skype and Facebook) outside classroom hours was not
as comprehensive and helpful as anticipated.

For future courses, a demonstration video would be created in use of the portable setup,
lab support would be made available on campus to help students and only the portable
virtual equipment would be used to minimize confusion between both sets of equipment.
Videoconferencing and Lab in a Box
The Virginia Tech Department of Electrical and Computer Engineering used a standard
lab set up called Lab-in-a-Box (LiaB) for labs outside the classroom.158 The LiaB
comprises an analog/digital trainer (including PC-based oscilloscope), digital multimeter,
typical electrical components such as resistors, capacitors, inductors, LEDs and
operational amplifiers. The Virginia Tech takes on 20 to 30 transfer students from
community colleges that often have a weakness in working with basic circuits in a lab
environment. Two issues made it essential to change to a distance learning format for this
course: a huge financial burden for students remotely located to relocate to Virginia Tech
for this course and lower enrolments from Virginia Tech residential students presumably
due to the economic downturn. Hence the LiaB was altered to use for distance learning
students as well. The lectures in the form of PowerPoint slides had audio embedded in
them for use in the online course using Adobe Presenter. An emphasis was placed on
tying together the analysis of the circuit, the PSpice simulation and the experimental
observations. As each experiment is allocated, the appropriate lecture is placed up on the
web.
One of the key reasons for the success of the program is having one-to-one
communication with the course instructor and the student especially where the student
has to demonstrate a particular aspect of the circuit’s operation. Three software packages
were assessed as to suitability for this function. These included Saba Centra (video was
too low resolution and there was complexity in establishing a bridge at a specific time),
Adobe Connect Pro (ideal, but university administration had made no commitment to
purchase) and Skype. Skype was selected, as it was effectively free and provided
excellent video. The only disadvantage with Skype (and Centra) was that they couldn’t
handle more than 25 participants. The students used either a Tablet PC (with a built in 1.3
megapixel resolution camera) or the Logitech Quickcam Pro 9000 2 megapixel camera.
The Logitech model was preferred as it was easier to focus on the experiment with a
stand alone camera.
It was found that less than half of the students weren’t at ease with performing the
experiments at home; hence a weekly one-hour in-class lecture was added to the mix to
go through the basic mechanics in designing and constructing circuits.159 It was found
that as students progressed through their second year they tended to build up confidence
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in undertaking labs on their own and tended to dispense with the need for in-class lectures
and reviewed the presentations online (with audio).
Lab Course Converted to Online Format
An engineering electrical circuits lab-based course at Binghamton University was
converted across to an online format with mixed success and with some useful
recommendations for future courses arising from this.160 Initially, the one-hour lectures
were pre-recorded from the previous on-campus course. Discussion forums were used for
communication with some use of email and instant messaging. The examinations were
initially created to be open book, but unfortunately there was evidence of unauthorized
collaboration. The students had considerable difficulty with undertaking the labs at home.
The typical lab equipment set comprised a quality multimeter, oscilloscope, signal
generator and bench power supply (-15V, +15V, 6V adjustable).
The ABET/Sloan Foundation defined the following objectives for a lab experience and
the three elements that could not be reproduced included instrumentation, psychomotor
and sensory awareness.
Table 8.3: ABET / Sloan Foundation Objectives for a Lab Experience.
No.
1.

Objective

2.

Models

3.
4.
5.

Experiment
Data Analysis
Design

6.

Learn from Failure

7.
8.
9.
10
11.
12.
13.

Creativity
Psychomotor
Safety
Communication
Team work
Ethics in lab
Sensory awareness

Instrumentation

Description
Apply instruments to measure physical quantities
Identify limitations of models as predictors of real world
behaviors
Devise an experiment, implement and interpret results
Collect, analyze, and interpret data
Design, Build, or assemble a system; test and debug
prototype
Recognize failure due to faulty equipment, parts and reengineer
Demonstrate creativity and capability in problem solving
Select, modify, and operate equipment.
Recognize and deal with safety and environmental issues.
Communicate effectively about laboratory work.
Work effectively in teams.
Behave with highest ethical standards.
Formulate conclusions from information gathered
through human interaction.

As the initial experience wasn’t that good, the following main changes were
implemented: The Moodle LMS replaced Blackboard as it was considered slow and
somewhat awkward to use. A live whiteboard was used in Moodle to conduct the officehours sessions. A lower cost set of lab equipment was procured for home use with shorter
easier-to-execute home labs conducted. Recorded lectures were reduced to 20 minutes
(from an hour), comprising slides and audio. Forums, instant messenger and the
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electronic whiteboard were used for communications. Testing was based around quizzes
and projects.
Liability for Home kits
There are inevitably safety (and liability) issues in providing students with home kits and
associated resources (such as chemicals).161

Figure 8.8: Safety and Liability Issues are Important
Check carefully for government regulation and safety issues when providing any home
kits, both in the shipping process and in the home of the student. We had an unpleasant
situation many years ago in shipping a kit that contained (unbeknownst to us) a small
amount of alcohol, thus breaching all airline regulations with transporting flammable
liquids. Iodine is a familiar component in chemistry and biology labs (as a stain) but in
concentrations of greater than 2.2% it is banned in the USA as it is used in the
manufacture of methamphetamine. In any event, Material Safety Data Sheets have to be
provided on all chemicals provided and a detailed safety section should be in the manual
with an online quiz to test the student’s knowledge of safety with their experiments and
kit. When purchasing commercial kits, the purchaser should check that the vendor has
liability insurance for any legal action from a disaffected student. It is also suggested that
a signed waiver is obtained from the student indicating that they are familiar with the
safety instructions and do not hold the institution responsible.
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8.8
Other Approaches to Lab Work
Arguably, remote and virtual labs act to complement the optimum approach of the
traditional labs and to a lesser extent, home experimenter kits also do this. However, there
are other alternatives that could be considered.
Alternatives to Specific Hands-on Practical Work in a Lab
Many of the objectives of lab work can be achieved by using some of the following
approaches:162
•
•
•
•
•
•
•
•

Design a procedure or policy.
Select and design an item of equipment.
Troubleshoot equipment that is malfunctioning.
Design a solution to a case study of a real world industry problem.
Analyze raw data from industry and report on the link between theory and
practice.
Perform an error analysis of the data and make suggestions for improvements of
equipment.
Investigate raw data and comment on further investigation required.
Perform a simulation or undertake a remote lab session.

PowerPoint with Distance Learning Laboratories
Cliver remarked on the difficulty of teaching practical electronics to distance learning
students undertaking degrees in Mechanical, Mechanical / Electrical and Manufacturing
Technology who had no practical experience.163 This was for a course in Electronic
Principles for Design. Distance learning students had to perform the labs at home with
electronics equipment sent to them. This lab equipment included such items as a
multimeter, resistors, potentiometer, capacitors, power supply and wire. The students
were expected to attend on-campus labs for one 8-hour session every quarter where they
used somewhat more sophisticated equipment such as an oscilloscope and function
generator. However, the students became quite frustrated with the home labs as they were
generally unfamiliar with the equipment and components; even putting a patch wire in the
right socket on the prototype board was a major mission. Approximately 20% of the
students had problems and referred back to the instructors with the usual delays occurring
in a distance learning environment. A solution was to use PowerPoint to create tutorials
using real pictures of equipment to show them what to do. This reduced the number of
questions to 1 in 40 students. PowerPoint also allows animation to show the progress in
an experiment with text instructions what to do next. Typical errors were also pointed
out. Many students had difficulty understanding how to measure current in the circuit and
this was showed graphically. It also showed typical problems with the fuse of the
multimeter blowing and how to fix them. Overall, this was a very successful addition to
remote labs and something that should be encouraged.
Distance Learning Students Achieve Better Results
Research was conducted into comparing the performance of on-campus (68) and distance
learning (43) students undertaking lab courses at Old Dominion University.164 All
confounding variables (or extraneous factors) were eliminated from the comparison
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between the two with the same instructor presenting both lab sessions and setting and
marking the assignments. The first series of labs comprised a digital electronics lab using
a Multisim 7.0 electronic simulator and an associated hardware lab comprising design,
build, test a real lab with real components. The distance learning students had to do the
second part of this lab at their local community college or using their firm’s resources.
Lab reports had to be produced and these were graded. The second major series of labs
was an electrical power and machinery course with motors, generators and transformers.
These lab sessions were videotaped and the students observed these and “made
measurements” as the camera panned the instruments. On both lab sessions, the distance
learning students performed better than the on-campus students.
An interesting set of conclusions was drawn as to why the distance learning students do
better than their on-campus colleagues. Suggested reasons for distance learning students
performing better included:
•
•
•

They’re more mature and motivated.
Most students are part time so more time to concentrate on fewer classes.
Most are currently working in technical jobs so their technical writing skills are
good.

Apparently, this marked difference in performance has been a consistent trend for more
than 15 years at the Old Dominion University.
Video Tapes of Lab Sessions
Old Dominion University has developed one of the largest distance learning education
programs in the USA with over 40 remote sites.165 Students undertake an associate degree
at their local community college and then attend the Old Dominion University programs
through the so-called Teletechnet system to gain a bachelors degree in
technology. Lecture courses are delivered in synchronous mode and this reportedly works
well. However there are three lab courses: Testing and Inspection of Construction
Materials, Soils Testing and Inspection, and Computer Applications in Structures that do
not fit the synchronous delivery format as they require lab equipment and a computer.
The approach followed with here has been to videotape the Testing and Inspection of
Construction materials labs with all discussions, measurement and testing recorded.
The distance learning students were required to write a lab report based on these videos.
The initial assessment mechanism was to evaluate the students’ reports. Interestingly
enough, in the earlier paper, the distance learning students actually achieved better results
than the on-site students. As the result of suggestions from the ABET auditors,
instructional objectives and a final written examination was added. The weighting for the
grade assessment for distance learning students was 80% for the lab report and 20% for
the final examination, against that for the on-site students who received 10% for the
preparatory assignment/quiz, 70% for the lab report and 20% for the final examination. A
video was made of the introductory Soil Testing and Inspection course lab and structured
with 80% for the lab report and 20% for the final exam for both on-site and distant
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delivery students. The Computer Applications in Structures course was also similarly
organized.
A comment was made about the objective of “hands-on experience” relating to on-site
labs where the students would not get a consistent experience of “hands-on” work for
each labs as they were arranged in groups of four with one handling the equipment (and
thus getting hands-on experiences), while the ‘observer’, ‘recorder’ and ‘calculator’
students definitely did not get this experience. These roles were rotated for each
experiment so that the students all got the opportunity to work in the different roles. It is
obvious that the distance learning students would definitely not get much hands-on
experience while viewing the video tapes, but they did get the opportunity to view the
experiments on the videotapes repeatedly–something that the on-site students don’t get. A
later observation was that the on-campus students received better exam results than the
distance learning students with videotapes. It would appear that the videotaped course
delivery is not as effective as the on-site sessions in the delivery of the “how and why”
concepts relating to the lab sessions.
Bring the Lab into Your Traditional Classroom
It is important during traditional face-to-face lectures to keep the attention of students as
long as possible. Some have suggested that student attention wanes after the initial 10
minutes of lecturing. A suggested method of heightening attention166 during face-to-face
lectures is to get an individual student to do a brief five minute presentation on a topic of
interest such as (for a robotics course) a robotics-related news item. This topic is then
discussed, providing opportunity for active learning. Other lab topics that can easily be
taught in a classroom lecture session are a 15-minute image processing session where
each student works with images (e.g. using MatLab in experimenting with thresholding
using “canned” images). This reinforces the lecture material. One could extend this to
using remote labs during the actual lectures–whether they be using face-to-face or
through synchronous online learning.
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Key Points and Applications
Chapter 8
The following are the key points and applications from this chapter entitled: Review of
Traditional and Online Laboratories.
1. Experiential learning or hands-on training is one of the best ways of gaining
engineering expertise.
2. Tacit knowledge is the core part of the experienced operator’s skill in her craft
and is built on learning via actual experience and action such as learning from a
“master in the craft”.
3. As an example, explicit knowledge can be considered to be the procedures and
rules in operating a plant.
4. Tacit to tacit knowledge transfer is by being taught by an experienced engineer
(“master”) via hands-on work.
5. Some skills expected of a student working in a lab include:
• Working with instrumentation to make measurements of physical
quantities.
• Assessing the fit of a theoretical model to its real world analog.
• Designing and executing an experiment.
• Collecting and analysing experimental data.
• Learning from failure by identifying and correcting failures.
• Developing psychomotor skills.
• Working in teams.
6. Different formats of labs include:
• Demonstration from an instructor.
• An exercise (rigid structure with defined outcomes).
• Structured enquiry (provided with problem and suggested resources).
• Open-ended enquiry (only provided with problem).
• A fully fledged project (real life research).
7. Options open for distance learning labs include:
• Videos of lab sessions.
• Condensed lab sessions on a campus.
• Portable kits shipped to a student.
• Simulations.
• Virtual labs.
• Remote labs.
8. Virtual labs comprise simulation software running on a host machine. Remote
labs use real equipment situated normally at significant distances from the learner.
9. Some advantages of virtual labs are:
• Reduced costs.
• Increased safety.
• Ability to expand coverage.
• Reduced administrative burden on staff.
• No equipment failure.
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• Ability to work at own pace and multiple times.
• Exploration of multiple “what if” scenarios.
10. Some disadvantages of virtual labs include:
• Inability to teach proper lab techniques and lab safety.
• Simulations being an often unrealistic portrayal of real world events.
• Inability to simulate the real process of making errors in the real lab.
• No real hands-on activities.
• Expensive to achieve.
11. Some advantages of remote labs include:
• Students can log onto experiments anywhere and at anytime.
• Easier and wider access to (expensive) equipment.
• Less overload of lab infrastructure.
• Less time than a traditional lab.
• Ability to provide a richer experience than simulations with
unpredictability and real world equipment.
• Less dead time for students in working on lab infrastructure.
• Ease of reaching distance learning students.
12. Some disadvantages of remote labs include:
• Slowness in response because of telecommunications links.
• Lack of real hands-on experiences.
• Limited variability and uncertainty in the operation of the lab.
13. The ongoing virtualization of instruments (e.g. oscilloscopes and signal generators
controlled and viewed from PCs or tablets) is another impetus to constructing
remote labs.
14. Take-home kits are a good solution for distance learning students providing a true
hands-on experience.
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Chapter 9
Virtual Laboratories
“Education: the path from cocky ignorance to miserable uncertainty.”
– Mark Twain
Chapter Contents
9.1
Introduction
9.2
Authentic Learning and the Degree of Realism in Simulations
9.3
Virtual Lab Applications
9.4
Variations of Standard Virtual Labs
9.5
Key Elements of Successful Virtual Labs
9.1
Introduction
Virtual labs or simulations are increasingly realistic and are rapidly increasing in use.
Sometimes a virtual laboratory is (confusingly) referred to as one where computers act as
the instruments in a normal residential lab (for example, LabVIEW software with virtual
instruments).1
Research at Vanderbilt University showed that virtual labs based around traditional
undergraduate electrical engineering topics used prior to conventional physical labs can
reduce the time taken to complete the physical labs.2 In addition, the virtual lab can be
taken during the student’s own time, thus reducing demands made on the busier physical
labs. In addition, requests for assistance with physical lab equipment were also reduced
due to a better understanding by the students.
Significant improvements in learning (in two chemical engineering courses) were
demonstrated by not only having students experiment with simulations on their own (thus
helping them to visualize the theory and equations) but also in ensuring that the students
continued experimenting with simulations, but with instructor-guided questioning.3 The
reason is likely to be that the breadth of the exploration space is simply too large and
students cannot focus on the appropriate issues without some guidance. It is also possible
that students may misinterpret the simulations and end up with a misconception. Bear in
mind that this misinterpretation could happen even with the provision of electronic
tutorials and help screens.
The following section examines the interesting topic of achieving an authentic experience
in simulations (or virtual labs) followed by a discussion of typical applications. Other
manifestations of a standard virtual lab are then detailed. The chapter is concluded with a
list of the key elements of virtual labs.
9.2
Authentic Learning and the Degree of Realism in Simulations
Many of us are probably aware that meaningful learning will only occur if it closely
relates to the context in which the learner will be applying it in her or her work.4
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Typical characteristics of authentic learning tasks in an online environment (which are
worthwhile bearing in mind for virtual labs) include:
•
•
•
•
•
•
•
•
•
•

They relate directly to the real world.
Being real world, these tasks are often somewhat poorly defined and require the
student to further define what work is needed to complete the learning activity.
These tasks need to be worked on over an extensive period of time–days to
months rather than minutes.
These tasks require a multitude of perspectives in undertaking them.
Collaboration is a key to effective discharge of these tasks. A student working on
her own would miss out on a big part of the learning experience.
Reflection is a crucial component of the task where greater depth and
understanding is achieved.
These tasks are not restricted to one niche area but generally extend across
disciplines and subjects.
Assessment of activities is built into the task as a seamless component.
These tasks create products which are valued in their own right and stand-alone
and do not form subcomponents of other activities.
Finally, these tasks allow for a multitude of outcomes and solutions as opposed to
only one result allowed.

Simulations are often a big part of providing authentic tasks but they can be ferociously
expensive. For example, aircraft pilot training simulators are renowned for their
extremely high level of realism but the supporting software and hardware can be
extremely expensive to develop and maintain.5 Research has shown that achieving an
extremely high level of physical replication of the work environment through simulation
is not vital to a successful learning experience. What is key, however, is ensuring the
students are engaged in engaging tasks related to the work environment.
9.3
Virtual Lab Applications
Examples of virtual labs are provided in this section.
A Few (Brief) Examples of Virtual Labs
A virtual radio-pharmacy was created where the learners were represented by avatars.6
The learners could experiment with the radio-pharmacy equipment and carry out specific
scenarios in a three-dimensional simulation of the lab environment. This allowed learners
to collaborate with each other and with the equipment in the replica of a real lab.
A four-stroke medium diesel engine fault simulator was used to demonstrate the
relationship “between the diesel engine technical state and its operating parameters,
functions and features”.7 The value in this simulator was the low-cost and ease of
installing it onboard a ship, for example, where it would be particularly useful for the
training of ship engineers.
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Figure 9.1: A Four-Stroke Diesel Engine Virtual Lab
A simulated electronics lab for a Wien bridge oscillator was created and the students and
faculty were surveyed afterwards. The survey showed that it demonstrated self-efficacy
and self-reliance as a result of the lab activity and both learners and faculty indicated they
felt it could be usefully used in conjunction with a physical hardware lab especially in
providing repetition and thus enhancing the learning process.8
Civil Engineering Virtual Labs
Water Resources Engineering
At the University of Utah Water Resources Engineering department two virtual labs were
created for two courses: Hydraulics (undergraduate) and Open Channel Flow
(postgraduate).9 The undergraduate labs had over 80 students and with equipment
limitations each weekly three-hour lab session had to be halved. In order to provide more
support, short digital movies were created for the various lab sessions ranging from
hydrostatic forces, Bernouilli’s theorem, orifice and free jet flow to centrifugal pumps.
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Figure 9.2: Bernouilli’s Theorem
Animations (of one minute each) were also created demonstrating key concepts such as
for Bernouilli showing water flowing through a tapered pipe that changes the energy
distribution. An online calculator allowed the student to change parameters (such as pipe
diameters) and confirm the results.
An assessment was conducted using a quiz and it showed that students who viewed either
the videos or animations achieved improved results compared to those who didn’t. The
confounding variable is that there is undoubtedly some effect from more time on the task.
Industrial Automation Virtual Labs
Virtual Laboratory For Fundamental Control Principles
A simulation of a reaction wheel pendulum was developed using Easy Java Simulation
(Ejs) at the Universidad Politécnica De Madrid in Spain.10 Effectively, this is a simple
pendulum in parallel with a torque controlled lumped inertia system. This provides an
opportunity for students to simulate and study the system when disturbances are applied
studying two aspects: disturbance rejection and maximum disturbances that the system
was able to reject. Ejs doesn’t require a high level of programming skills and this was
thus reasonably easy to implement. The simulation showed a high degree of fidelity to the
physical equipment.
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Electrical Engineering Virtual Labs
Electric Power System Protection
An effective virtual lab for both on-campus and distance learning graduate students at the
University of Idaho was set up.11 The study of electric power system protection can be a
difficult and expensive subject with labs costing of the order of half a million dollars or
more. Unfortunately the enrolment of students in this subject is generally limited, making
the use of simulation software an attractive proposition. Malfunctioning and incorrectly
set up power systems can be the cause of massive power failures encompassing whole
parts of a national grid, hence it is important that students are exposed to at least realistic
simulations. The authors incorporated PC-based relay simulations for students to
experiment with both on and off-campus. The distance education (off-campus) students
wanted a more practical and applied course. The widely available Alternative Transients
Program (ATP) version of the EMTP (Electromagnetic Transients Program) simulation
software package was used and the students simulated power system faults (zone 1, zone
2 and reverse faults) on different parts of the power network (a part of the Bonneville
Power Administration system) and investigated how the relay models responded. The
experience of the class and instructors was mixed due to problems setting up the ATP
software and difficulties in working with the complex EMTP software data files.
However, with experience in using the software it is anticipated that this will be an easier
process in subsequent courses. The great advantage is that in using the simulation
software the distance learning students had the same “laboratory” experience as those oncampus.
Virtual Electrical Machines Labs
The traditional electrical machines labs were based on the ElectroVolt equipment and had
eight different exercises: measurement of impedance and power, transformer excitation
and equivalent circuit, dc generators, dc motor load characteristics, synchronous
machines, induction motors and finally, single phase motors.12
A virtual lab was created using LabVIEW which could interface to MATLAB and
Simulink with stand alone applications created using the Application Builder Toolkit. In
using LabVIEW and MATLAB no detailed knowledge of text-based programming was
required–everything could be done graphically.
A few labs that were created included:
•

•
•

Single Phase Transformers. Voltage could be applied to the primary of a singlephase two-winding transformer and the primary current and secondary voltage
measured and a hysteresis curve could be obtained. A linear relationship between
flux and exciting current (with non-linear core losses neglected) could be ensured
with a small input voltage.
With dc generators, magnetization curves (armature voltage vs. field current at a
constant speed) of a dc generator could be plotted.
Similarly, with synchronous machines torque angle on output power could be
plotted; as well as synchronous reactance on output power and finally, the effect
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•

of internally generated voltage on output power.
Finally, each of the virtual lab modules also contained an online assessment of the
work with a set of basic questions with only one correct answer.

Figure 9.3: Virtual Transformer Lab
Note that ElectroVolt now provides realistic virtual labs which replicates much of its
traditional labs.
Electronics Engineering Remote Labs
Resistor Color Code Virtual Lab
A simple lab (or perhaps more appropriately, a quiz) was created to demonstrate the
calculation of the resistor value and selection of resistor color bands using Java.13 The
resistor was composed by combining seven images together. There were some technical
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problems with slow network connections in that the images wouldn’t load up quickly
enough leaving blank color rings. An improved version of this lab was undertaken using
Flash.

Figure 9.4: Resistor Color Code Virtual Lab
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A Virtual Circuit Laboratory
There are many examples of commercially available virtual circuit programs (e.g.
Electronics Workbench and Pspice). However, the debugging features sometimes lacked
certain features.14 Typical problems encountered in a lab included bad connections and
components, incorrect wiring, poor instrument settings and power problems. Finally, it
was pointed out that even for a perfectly working circuit, the student’s understanding of
precisely what is happening may be deficient. A virtual circuit laboratory was created at
the University of Colorado, Boulder, to help students in preparing for their physical labs
using a realistic and familiar breadboard (and messy spaghetti wiring). Electronic
components, function generator, oscilloscope and power supplies could easily be
connected up with a realistic level of uncertainty built into the component values. The
final circuit is then exported to SPICE to calculate the resulting values that are displayed
on the oscilloscope.
Foundations of Logical Design using a Virtual Lab
An effective virtual lab (freely available) providing simulations of logical design with
standard industry-specific integrated circuits (ICs) was created at tourdigital.net (in the
Dev-C++) requiring a 1024x768 monitor.15 Learners can insert chips, wire components
and change switch and pushbutton states and confirm outputs. This lab’s Spanish origins
have meant that it is extensively used in Spain and South America to great acclaim. The
main part of the program is the breadboard, where the students can insert and
interconnect ICs, visual indicators, seven-segment displays, timer outputs, switches,
pushbuttons and voltage sources. Connections are made by connecting lines between the
key points. Standard TTL ICs (ranging from basic logic gates, combinatorial and
sequential circuits) as well as Application Specific Integrated circuits (ASICs) are
supported in this virtual lab. Feedback, especially from the Spanish speaking population,
was very positive but its spread into the English-speaking world may be somewhat more
limited due to language issues. Proposed improvements include components with
bidirectional pins and tri-state outputs as well as CMOS devices.
A Blended Version of Laboratories using Simulations
Some great research on the use of simulations of electronic laboratories has come up with
a few excellent ideas, which also make intuitive sense.16 As has been discussed earlier,
simulations of laboratories can increase student participation, as they are not restricted to
a specific time or place. They can also simplify scheduling and reduce the cost of
expensive lab equipment.
A simulation package called the Electronic Laboratory Simulator (ELS) was used in a
few comparative tests. The ELS provides a simulated power supply, a breadboard for
making connections, a digital multimeter, an oscilloscope, a function generator and a set
of tutorials. Those students who undertook the simulated lab were able to undertake the
physical lab far quicker and were far more knowledgeable about the concepts. Further
tests partially showed that students who did both the simulation and lab had overall
significant improvements between pre- and post-tests for all labs but not necessarily on a
comparison of each individual lab. There were a few confounding variables such as other
learning tools and there was an element of self-selection with the more motivated cleverer
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students perhaps undertaking the simulations. Where the students undertook combined
labs (simulation and physical labs) against solely physical labs, they had slightly
improved post-test scores.
Electronics Workbench Software
An experiment at West Virginia University with remote experimentation using
Electronics Workbench software was not particularly successful with only two out of four
students actually completing the lab work (and only one really achieving a measure of
success).17 Even the simple process of installing the program was challenging. The key
problems were manifold and included insufficient time allocated to the course (often to
deal with trivial problems), meaningful technical discussions only occurred in face-toface sessions, specific times should have been set aside to work on the course, immediate
instructor feedback for lab problems was non-existent and students didn’t know how to
work at a distance.
Communications and Networking Engineering Virtual Labs
Microwave Engineering Smith Chart Online Calculator
An online Smith Chart (smithsimulator.com) was designed to help students undertake
impedance matching calculations for amplifier design calculations.18 Typical procedures
involved in plotting on the Smith Chart such parameters as stability, gain, VSWR and
noise figures. The tool allowed for an online session to operate in broadcast mode to a
group of students, thus allowing the instructor to provide remote access to what he is
demonstrating. This allows the students to follow the instructor’s screen as she goes
through a step-by-step procedure. The simulator was written in C# with an ASP active
page. A survey conducted of 160 students enrolled in the undergraduate Microwave
Engineering course at Princess Sumaya University of Technology (Jordan) showed that
80% of respondents valued the online Smith chart; however 30% of students indicated
some difficulties in internet connectivity, user interface friendliness and accessibility.
Simulation but Remotely
Although having a remote lab can make for a more economical solution, one still has the
ongoing challenge of finding money for real equipment that requires constant upgrading.
Hence a solution that can simulate (or emulate) real routers and switches with PCs can
make economical sense. An excellent solution had been set up at East Carolina
University using virtual machine-based remote labs (i.e. running as remote labs).19 The
authors pointed out that in terms of remote labs and simulations, four areas have been
extensively studied over the past years: remote access systems and remote lab
architecture design, course management and delivery systems for distance learning,
simulation-based lab teaching and virtual machine-based remote labs.
They felt that simulation software that runs on the student’s machine can only be used for
teaching basic concepts and is often highly proprietary. On the other hand, virtual
technology allows for multiple operating systems running on the same machine
simultaneously and which can then communicate with each other via an IP-based
subnetwork. A freely available router emulator called Dynamips was used to replace the
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traditional lab architecture. In the traditional lab architecture, the student would log into
the remote lab through a VPN, and thence through to a central switch or access server
that would then result in a connection to the lab equipment comprising routers, switches
and PCs. This was then used to teach intermediate networking classes using routing
protocols such as EIGRP, OSPF, RIPv2 and BGP and network analyzers, performance
monitors and network management client tools. The Dynamips router emulator running
on one PC could now replace the entire rack of routers and switches. Eight PCs were set
up with Dynamips for the eight graduate students undertaking the graduate networking
class. Although no survey was available at the time on the student’s feedback, the results
showed improved lab availability and performance and the hands-on experiences were
identical to that with real equipment. The students could virtually wire their own desired
network topology.
Virtual Physics and Networking Labs
The definition of virtual labs appears to overlap with that of remote labs in the definition
used here, where it is defined as, “to interact with colleagues, access instrumentation,
share data and computational resources, and access information in digital libraries”.20
However, the two examples discussed below do not have any real instrumentation access
so are examples of virtual labs. A virtual physics lab (VPLab) was created allowing
students to perform experiments as if they were in a normal physics lab. The provision of
real video clips of the real experiment being performed was considered beneficial. The
design goal was to avoid making the simulation feel like a video game, but many students
indicated that they were distracted by exactly this feeling. Students who had done the real
experiments in a real lab felt that these simulated experiments were considerably
different.
Another virtual lab was Drexel University's virtual networked laboratory (VNL) for their
BS degree in IT. This allowed the student (with assistance from an instructor) to construct
the lab access as well. The VNL is operated on a server and the student then performs all
experiments required by the instructor, who also logs on to the VNL and observes what
the student is doing.
Virtual Engineering Labs vs. Traditional Physical Labs
A comparison was made between virtual and physical labs with a sample of junior and
senior level undergraduate students in four-year degree programs in electronics
engineering technology programs.21 The labs were communication system exercises on
modulation and demodulation. The sample comprised 80 students and they were
randomly assigned to either the virtual simulation or physical labs. The results clearly
showed that the students in the virtual simulation lab did significantly better than the
physical lab group in the conceptual tests. A second test administered three weeks later
showed that the grades of the simulation group decreased but the physical group stayed
the same (but were still lower than the virtual lab group). The virtual lab group also used
considerably less lab time.
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It is thus suggested that virtual labs using simulation software offered a good replacement
for physical labs especially where hands-on experimentation (such as manipulation of
equipment) is not a key part of the lab.
Fiber Attenuation Measurements
A combination of a hands-on lab with dual trace oscilloscope, function generator and
optical fiber components was used to measure cable loss and cable bending loss at De
Vry University.22 An equivalent simulation (developed by ATel corporation) with fiber
optics cables demonstrated the essential physics and operation. This allowed students to
achieve far greater insight into the process of examining the types of loss mechanisms,
composition impact on losses and impact of wavelength of fiber.
Chemical Engineering Virtual Labs
Virtual and Hands-on Liquid Chromatography Laboratories
The low pressure Liquid Chromatography system is a complex item of equipment that
can present a challenging learning experience.23 ATel has modeled the processes used
with the equipment virtually and they were used at Montgomery County Community
College.

Figure 9.5: Chromatography Virtual Lab
The simulations could be run in three modes. In the equipment mode, students can use
animations and images to study the device in considerable detail. In the process mode, the
students learn how to operate a system. Finally, in the experimental mode, the students
can systematically practice what they would do with a real instrument (e.g. manipulate
virtual labware and materials, connect components and program the system controller).
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The recommended approach to learning uses simulations to initially understand the
theory and principles of protein purification, followed by an examination of the
chromatography system, then the undertaking of virtual experiments with a final
assessment of the skills and know-how gained. Once this has been successfully achieved,
the students are allowed to have hands-on access to a real item of equipment.
Mining Virtual Lab
Virtual Reality in a Lab
An underground mine was demonstrated using virtual reality (VR).24 A virtual world is
created in a database with points in space and textures. Points are connected to form
planes (referred to as polygons) with a specific color. The virtual world is rendered
through a process of calculating the scene for a virtual camera view. Desktop VR is done
simply through a computer screen, but the more interesting immersive VR is achieved
using a head mounted display with two miniature displays in front of the user’s eyes.
Headphones complete the system. Objects can be manipulated using a data glove that
measures the bend of the user’s fingers. In order to walk (or fly) in this virtual world, a
space controller comprising a normal joystick or computer mouse can be employed.
Virtual Reality in Mining
Virtual Reality technology is a great way of helping students visualize difficult
theoretical concepts.25 The Australian research organization, CSIRO (Division of
Exploration and Mining) used a combination of a four meter hemispherical dome
projection screen, a 5DT data glove and 3G iPhone (three accelerometers) to interact with
a virtual reality program wirelessly. The data server received the data sent through the
wireless connection and passed this through the .NET sockets to a Virtual Reality
software system. The output from the Unity software was displayed in 3D on a four meter
hemispherical dome screen using projectors. The visualization software was built around
the Unity 3D game development tool and based around a 3D mine engineering eBook for
an underground mining equipment system. This approach had the potential to provide a
superior immersive learning environment enabling a user to interact with 3D objects and
to learn in a hands-on way.
Mechanical and Manufacturing Engineering Virtual Labs
Mechanics of Materials Course
A virtual lab for use in a mechanics of materials course was designed for use at Cornell
University for 120 students.26 The lab involved analyzing the canned data provided to
calculate yield and fracture strengths, shear moduli and to work out the relationships
between stiffness, strength and dimensions of the test samples. The lab on the web
comprised three sections: Tutorials on the technology and science, videos of actual tests
with live plotting of twist-torque data and a lab manual with exercises and questions.
Unfortunately, in practice, the students only used the hints on graphing and a few used
the online test of one’s knowledge.
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The results of the lab survey (after the course) were somewhat discouraging with the
overwhelming majority of the students (68%) still preferring physical labs as compared to
this virtual lab. The main reasons stated were in gaining hands-on experience, a focus on
physical equipment as opposed to sole interaction with a computer, proximity and sight
of experimental equipment and finally, perceived value for money with real equipment.
The few students who did prefer the virtual labs cited ease of use, certainty of data, less
human error, convenience and ability to focus on theory.
Advanced Virtual Manufacturing Lab
Typical training applications constructed with great success in a virtual environment
included:27
•

•
•
•

Advanced Virtual manufacturing lab with computer numerical control models of a
FADAL VMC 3016L 3-axis milling machine and a HAAS SL-20 turning
machine. This allowed for execution of code written by the student for control of
the cutting head and alteration of travel speed amongst other parameters.
A virtual Welding Lab teaching the theory and practice of welding processes.
A virtual Centrifugal Pump Lab instructing on the theory of selection, installation,
commissioning and operation of a pump.
A comparison of student outcomes for the virtual environment against that of a
classroom-based course showed similar outcomes (although it was unclear
whether the classroom included a real hands-on lab).

Game-based Video Game
It is estimated that over 97% of children between the ages of 12 and 17 play video
games.28 A multiplayer online game called Aeroquests is a simulation of an aerospace
firm where second-year engineering students take on roles as interns working in research
and development of aircraft/rocket that a client needs delivered in a short time. Each
student is part of a design team where they collaborate in different spaces (or rooms) to
experiment with different configurations, conduct analyses with the design room in
particular containing a comprehensive range of materials such as videos, charts and other
documents. Students indicated that they could use distance education for the team-based
design activities.
Gear Design Through Massively Multiplayer Online Games
Students today prefer learning that is computer-based, has connectivity with their peers,
is immediate and has social attributes.29 They aren’t prepared to slump in a lecture
passively listening, but want hands-on learning experiences. This is where games playing
with massively multiplayer online games (MMOGs) can proffer the opportunity for a
learning experience.
The Stevens Institute of Technology built an interactive mechanical gears game lab-based
on Source, a game engine to provide a virtual lab for their Machine Dynamics and
Mechanisms course. This introduced the concepts of kinematics, dynamics as well as cam
systems, gear trains, couplings, belt and chain drives. Students could thus perform many
experiments relating to gears in a virtual environment. The students and instructors were
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represented as and interact with each other as avatars. A number of typical real problems
(or scenarios) were created which exercised the students’ problem-solving skills while
working in teams. In using a pre-experiment and post experiment tests, the learning was
gauged with a definite improvement in their knowledge. The majority of students were
satisfied with the experience.
Perceptions of Reality in the Experimentation are Vital
A comparison was made between the three lab modes of proximal (i.e. “physical handson”), simulation and remote for the calibration of a piezoelectric accelerometer for a third
year mechanical engineering unit.30 From an access point of view, the lab was provided
through the spectrum analyzer which was remotely controlled. The simulation of the lab
was done through a MATLAB graphical user interface simulation of the spectrum
analyzer. Some observations were that in the learning objectives that students perceived
lab hardware not as important for the simulation whereas in the remote mode there was a
lower perception of the link between theory and practice. As the constructivist paradigm
suggests, the students create meaning by absorbing new information and layering it on
their existing knowledge. If the new knowledge is biased in a different context
(remote/proximal and simulation modes), their learning will surely be different.
Three-dimensional Tensile Testing Virtual Lab
At Armstrong Atlantic State University, a tensile testing virtual lab based on interactive
3D virtual equipment was set up.31 The key benefits of a web-based lab are considered to
be the lower cost, limited space requirements (essentially only a PC) and easier
implementation than a traditional lab. This lab formed part of a planned series of virtual
labs (called Virtual Interactive Engineering on the web or VIEW) all within a web-based
3D environment.
The first lab constructed was a virtual tensile testing lab (VTTL) created as part of the
Introduction to Engineering Materials course taken by 192 students (in 2008) majoring in
civil, mechanical and electrical and computer engineering (as a core course for the
mechanical students). Introduction to Engineering materials is a lecture-based course,
covering the fundamentals of materials processing, materials structure, materials
properties, testing and materials performance. The objective of the virtual lab was to
expose students to the testing techniques required to assess the mechanical properties
such as elastic modulus, yield strength, ductility and toughness. The lab was built around
three core elements: the Extensible 3D (X3D) standard which defines and communicates
real-time interactive 3D content, PHP which is the web scripting language for creating
web pages and, finally, JavaScript which provides the interaction between the elements of
the graphical user interface. Solidworks was used to create the 3D models of the tensile
testing machine, as well as the five sample specimens (such as aluminum, polycarbonate).
Before taking the lab, the students had to attend the lecture tutorial, then an online quiz
based on the course material before accessing the VTTL. The students had to perform
five lab virtual experiments to test the materials under tensile loads and to obtain stress
and strain data. The data were then analyzed using MATLAB and compared with typical
values obtained from an online database (MatWeb). The survey results of the students
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indicated a high degree of satisfaction and a significant improvement in grades in this
particular question in an exam.
Thermo-fluids Virtual Labs
Web-based labs are useful for students to give them practice before engaging in real lab
experiments. Another advantage for instructors is to provide live demonstrations with a
virtual lab during a lecture to illustrate a particular concept more thoroughly. The College
of Engineering and Technology at Old Dominion University created virtual labs based on
two physical experiments from the thermo-fluids laboratory course.32, 33
The lab discussed was a venturimeter used as a flow measuring device. This lab
demonstrates two important concepts in fluid mechanics: drag coefficient and the
momentum integral equation applied to determination of forces acting on a body
submerged in a moving fluid.
The underlying physical phenomenon was reproduced virtually using the fluid dynamics
code (called Fluent) coupled with Flash to create an animation. The experiment allows
for the manipulation of a valve to change the flow rate and to perform the venturimeter
experiment interactively on the computer screen. The water heights in piezometer tubes
can be read directly off the screen.
The experiment involved the measurement of flow rate and pressure drop from the
maximum to minimum cross-section of the venturimeter. The experiment is initiated by
clicking the valve to the selected open position and switching the pump on. The pressure
readings in the piezometer tubes connected to the inlet and the throat sections of the
venturimeter are recorded for the selected flow rate. The flowrate and pressure drop data
is used to calculate the coefficient of the venturimeter and the Reynolds number. Oncampus students can use this virtual experiment to prepare for the physical experiment.
LabVIEW was used to do the data analysis.
Three virtual probes were developed. These included an e-pitot for velocity measurement,
an e-manometer for pressure measurement and an e-differential pressure transducer for
differential pressure. These could be moved around the virtual rig by clicking and
dragging with a mouse. A further refinement to the experiment was an e-box where
students were able to move and mount test objects as well as virtual probes.
Introductory Thermodynamics Animated Course
In undertaking most thermodynamics courses, the instructor normally assigns a set of
homework problems where the student is required to solve for a specific parameter such
as temperature, pressure, volume, heat transfer, work or efficiency.34 The dynamic nature
of most thermodynamic processes as they change from one state to another is probably
lost in the traditional classroom and computer animations (as with this package discussed
here entitled WileyPLUS Thermodynamics) are probably a great way of addressing this.
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Suggested requirements for successfully putting together animations include:
•
•
•
•
•

Simplicity is the key for the student, with no installation of software required or
programming necessary.
Animations should be able to run on any computer; Adobe Flash Player is widely
installed and is thus used.
Software controls are extremely easy to use, with controls being similar to that of
a DVD player.
Cost and time of development is kept to a minimum using those in the associated
textbook.
Each animation helps for an overall appreciation of the engineering concept and is
tied to a homework problem. The instructor is still required to grade the
homework.

Each problem page for this package on Thermodynamics was divided into three sections:
the top displaying the problem, the middle the steps required of the student to undertake
the animation and the bottom the actual visual animation.
The approach that is followed is for some of the input variables to be hand calculated by
the student and entered into the input section. The Output values are then calculated by
hand and then the animation is run for the student to confirm her calculations. The
deliverable to the instructor are the web page printout with the supporting calculations.
Simulation-based Engineering Training System
A simulation-based software package for the US Navy Submarine Learning Center was
designed to enhance sailors’ skills in maintenance, troubleshooting and operation of
equipment as well as to help them understand the engineering principles behind the
operation of equipment.35 For example, a Steam Power Plant Simulator allowed a student
to simulate the operations in the steam power plant. The graphical interfaces are highly
realistic and provide an inside view of the process. Choices can be made in the
simulations to arrive at different outcomes. For example, changing the valve position can
alter the mass-flow rate through a nozzle to the turbine with a resultant change in the
power output.
The simulations and animations are supplemented with quizzes, questions and virtual
experiments. As an on-site instructor is not always available to help with queries, a
problem solving tutor is online.
Mainly Videos but Called a Virtual Lab
The department of mechanical engineering at Texas Tech University detailed a method of
improving the effectiveness of the laboratory experience for students.36 They noted that
one of the challenges engineering students have with labs is the lack of familiarity with
the specific equipment and procedures for the experiments. If this problem can be dealt
with effectively, there will be less frustration for both students and indeed instructors, the
lab will be used more effectively and the overall quality of the experience can be
improved. An interactive software tool based on Flash was developed to help with the
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Hardness Experiment (part of the Materials and Mechanics Laboratory course), where
students use a Rockwell Hardness tester to determine the hardness of various known
metals. In this web tool, video clips, images and text materials were used to define
hardness, its relevance to materials selection and its usage and application. A detailed
explanation was also provided of how the key piece of lab equipment, a Rockwell
hardness tester, was used during the experiment. It was found that students who were
exposed to this tool up to 10 days before commencing the lab achieved a 20% higher
grade in the pre-lab test.
Handling Instrument Experimental Error in a Virtual Flow Lab37
Experimental error is often neglected in virtual labs, as it is difficult to create what appear
to be real errors with simulation software. In this virtual lab (part of the Mechanical
Engineering Thermo-Fluids Lab at Old Dominion University), the student adjusted flow
rates in a pipe with a control valve and measured the flow rate and pressure drop with
different instruments. Each instrument had different measurement uncertainties and the
student was required to find the optimum instrument. The virtual lab module had five
main sections comprising objectives, uncertainty and error analysis, example, the virtual
experiment and selection of instruments. The important issue of the trade-off between
cost of the instrument and its accuracy was part of the lab. Student learning was
compared in a two-hour multiple choice test at the conclusion of the course and it
demonstrated that students who engaged in the virtual lab performed significantly better
(than those who didn’t participate).
Machine Dynamics Virtual Experiment with Virtual Reality
A virtual lab to demonstrate the principles of machine dynamics was constructed at the
Stevens Institute of Technology to emulate an industrial plant and could be applied to
analyze different inertia values, gear ratios, torques and friction.38 The virtual lab was
based on a conventional lab comprising a drive motor, coupled via a timing belt to a drive
disk. An additional timing belt connected the drive disk to a speed reduction apparatus. A
third belt connected the drive train to a load disk. The experiment allowed for changing
the inertia properties of the load and drive disks by modifying the number of masses;
adjusting the speed reduction ratio by changing size of pulleys and adjusting the level of
backlash. Finally, the level of vibration could be analyzed.
Although consideration was given to using this conventional lab extensively as a remote
lab, the main shortcoming was that the lab apparatus had to be pre-configured for each
experiment (e.g. modifying the number of masses, pulleys, gears and belts). Virtual labs
could eliminate most of these types of problems and provide students with the same level
of understanding.
The dynamic mechanical models for the virtual lab were programmed using Jython to
write the Java applet. Jython is an implementation of the Python programming language.
The Virtual Reality Modeling Language (VRML) was used to generate and display the
3D image of the experiment. It is vital to ensure the experiment appears to be as realistic
as possible. Many of the current virtual experiments are two dimensional or use
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schematics to represent the experiment. Thus considerable effort was put into providing
the same level of realism as with a real lab environment.
The GUI of the emulator system had two main components: The left part of the screen
allowed input of commands for selection of the plant model, changing masses, idler
pulleys, while the right part of the screen displayed a rendering of the simulation model.
The student could rotate the view of the equipment and zoom in on parts of interest. Data
from the simulation could be downloaded for analysis using Excel, for example. The
results from the simulation and the real equipment experiment were very similar. In
conclusion, it was noted that students were totally immersed in the experiment and felt
like they were performing a real world experiment.
Robotics Simulations
Robotics hardware within a lab environment can be expensive.39 An equivalent
simulation package called Robolab 2 has been designed at the University of Alicante,
using Java and Java 3D, and allows one to create new robot models. The student requires
an internet connection, a web client program and the Java and Java 3D runtime libraries.
A force-feedback joystick is the optimum way of transferring the robot arm’s sense of
touch to the human operator. Robolab was used in different experiments such as studying
the components of different robots, introducing the coordinate systems and homogeneous
transformations and direct and inverse kinematics. The approach was for the student to
first use the simulation to experiment, and then after confirming the results were correct,
to execute on the real robotic system. A minority of students (30 to 40%) followed this
routine, but the remainder preferred the real lab and to work in collaboration with their
fellow students and obtain support from the instructor.
Biological Virtual Labs
Virtual Biology Labs
A comparison was made between face-to-face and virtual labs of two online introductory
biology courses.40 12 lab sessions were face-to-face involving reading text, viewing and
commenting on images or organs and body systems and wet labs involving chemical
digestion, urinalysis, fetal pig dissection and microscope use. A further 10 virtual lab
sessions were CD-ROM-based with “pointing and clicking” on topics such as osmosis
and diffusion (requiring one to virtually mix blood and water and assess quantitative
data), frog muscles and pulmonary functions. Students perceived the face-to-face labs as
considerably more effective with positive comments about the positive interaction
between their peers and the instructors. There was very little interaction and questions
generated by students completing the virtual labs. A suggestion was to actively use web
conferencing and collaborative tools such as discussion boards to increase the level of
interaction to ameliorate this problem. However, students did confirm that virtual labs
were helpful in their learning.
Chemistry and Biology Simulated labs
Simulations that are useful for chemistry are Woodfields Virtual ChemLab focusing on
general chemistry and organic chemistry courses.41 Another source of lab simulations for
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both chemistry and biology is Late Nite Labs (latenitelabs.com). A complete list of labs is
contained in the reference above.
9.4

Variations of Standard Virtual Labs

Fully Automated Virtual Physics Lab (VPL) using Text-to-Speech
This virtual lab uses text-to-speech technology (to convert the text into speech) with
numerous interactive experiments such as for motion and optics.42 A mixture of 2D and
3D animations are used. The use of text-to-speech ensures that any changes to the course
can simply be adjusted by changing the text without having to re-record the audio for the
occasional changes that are made to the course. Automated assessments allow for an
unlimited number of attempts by students without overloading the instructor with
unlimited grading and ensuring that the student is proficient before moving to the next
module.
Second Life Virtual Worlds for Machine Dynamics and Mechanisms
There has been solid growth in the use of three dimensional (3D) virtual worlds for
educational purposes.43 This is perceived as considerably more interesting and enjoyable
for students than reading a textbook (especially as many of them have been committed
console and computer game players). Second Life is one of the most popular non-game
3D multi-user virtual environments where one can meet others and collaborate and
interact with them. Communication is achieved by text or voice-based chat and avatar
gestures. Free client programs for viewers or the Hippo OpenSimulator allows users to
interact with each other through avatars. A pilot classroom was created at the Stevens
Institute of Technology with various labs, the first one comprising modelling of inertia,
friction, backlash and stiffness and the second one focusing on vibration and the third one
being a four-bar linkage experiment.
However, the limitations of Second Life made realistic virtual experiments quite weak
due to poor graphical support (e.g. lack of a surface mesh). Physics simulations within
Second Life are run using the well known Havok physics engine, but this particular
version of Havok is optimized for multi-user internet access and has inevitable
limitations. Thus at this stage of the game (if you’ll pardon the pun), Second Life is
probably best suited to collaborative role playing in project-based assignments.
Not Quite Simulation: Interactive Multimedia
When undertaking industrial, mechanical engineering and allied vocational subjects, there
is a need to cover both the theoretical and practical fundamentals. Currently, due to the
increasing costs of process laboratory equipment, a lower number of lab sessions are
being undertaken and more emphasis is being placed on the passive lecturing approach to
the detriment of the overall student learning experience. A software simulation of an
industrial park has been created with five major components (or companies), a machine
shop, a welding shop, a material lab, a sheet metal shop and a foundry-forging
company.44 The concept is that the student can then drill down to investigate each
company in more detail progressing from the machine shop with information on drilling,
milling or turning to material on the individual items of equipment and products. Where
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possible videos were incorporated into the explanations. The benefits of this approach are
that it allows more students active hands-on experiences and the industrial tour can be
undertaken anywhere (and on the web).
Combination of Remote Labs and Simulations
An online industrial networking course at Drexel University providing an in-depth
examination of wired and wireless networks such as Ethernet, Wi-Fi, Bluetooth, ZigBee,
DNP3 and CAN required hands-on experience.45 This was accomplished using OPNET’s
IT Guru and Wireshark. OPNET is a graphical network traffic simulator and allows
components such as routers, hosts and servers to be dragged from various menus and
connected together and allows such metrics as throughput and delay to be examined.
Wireshark is an open source protocol analyzer for network troubleshooting and analysis.
9.5
Key Elements of Successful Virtual Labs
When creating an interactive 3D virtual course environment comprising graphics,
movies, animations, interactive simulations and virtual reality models with each module
followed by a quiz to test knowledge acquired, consider these points:46
•

•

Avoid overloading any scene with too many graphics and match to the
environment required (rotating / manipulated / opened / closed objects should be
3D whereas graphs should be 2D).
Avoid using the virtual environment to navigate from one room to another. This
simply makes things more confusing.

Key Characteristics of Simulations That Work
The key characteristics of simulations that work in improving student’s level of
achievement include:47
•
•
•
•
•
•

An interactive environment that engages students.
Immediate feedback to students.
Constructivist approach allowing for building new knowledge on an existing base.
An environment that encourages further playing and development.
Visualization of the often abstract physical models (e.g. an electromagnetic
wave).
Focusing students on the concepts at hand rather than extraneous and distracting
concepts.

In a research study, which compared student performance as a result of using simulations
against that of physical labs, superior outcomes were demonstrated for simulations if the
instructor concurrently provided clarification and support on the concepts being
demonstrated. If the instructor does not mediate, it is possible that the simulation may
result in even worse results than for a physical experiment. It may be that the graphical
user interface is difficult to understand and a supportive explanation from the instructor
brings everything into context for the student. However, a wise remark made in this
research was that an optimum learning experience for the student would result if a
blended approach of simulations combined with traditional labs were undertaken.
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Further research undertaken echoes earlier commentary that improved performance (e.g.
on-the-job skills, for example) can result from use of learning simulations if adequate
guidance and feedback is quickly provided to the learner.48 This doesn’t necessarily need
to be a live tutor. Different forms of guidance and feedback could include:
•
•
•
•
•

Text-based–when a student struggles with a particular part of the simulation.
Visual–showing the location of a key element.
Video stories and advice clips, but these are more difficult to be meaningful for
technical topics.
Demonstration of the consequences of a particular action in the simulation.
Summary of the results of the simulation which provide some definition of the
learner’s abilities (‘categorization’) and make recommendations for improving
one’s skills (‘prescription’).
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Key Points and Applications
Chapter 9
The following are the key points and applications from this chapter entitled: Virtual
Laboratories.
1. Meaningful learning will only occur if it is authentic. Some suggestions for
creating authentic tasks include:
• Relate directly to the real world.
• Require further definition from the student to define further what work is
required.
• Work in days and months rather than minutes.
• Include a multitude of perspectives.
• Make collaboration and reflection indispensable components.
2. Key characteristics of simulations that work include:
• Interactive environment that engages students.
• Immediate feedback to students.
• Constructivist environment allowing building of new knowledge.
• Further investigation (and “playing”).
• Visualization of abstract concepts.
• An unwavering focus on the key concepts rather than extraneous clutter.
3. Typical Virtual Labs included:
• Radio-pharmacy where learners were represented by avatars.
• Water resources engineering demonstrating Bernouilli’s principle.
• Electric Power System protection simulation of a complete power system.
• Foundations of logical design with full simulations of industry-specific
integrated circuits.
• Simulation of electronic circuits using the Electronic Laboratory
Simulator.
• Virtual and hands-on liquid chromatography labs.
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Chapter 10
Remote Laboratory Applications
“Formal education will make you a living; self-education will make you a fortune .”
– Jim Rohn
Chapter Contents
10.1 Introduction
10.2 Overview of Remote Labs
10.3 Remote Lab Consortia
10.4 Electrical, Electronics and Industrial Automation Engineering
10.5 Mechanical and Manufacturing Engineering
10.6 Chemistry, Chemical and Process Engineering
10.7 Nuclear Engineering
10.8 Information Technology (IT)
10.9 Miscellaneous
10.10 Conclusion
10.1 Introduction
A number of remote lab applications are described below. These vary from the simple to
fairly complex. The following chapter will take up the issue of optimizing the design of
remote labs and their different architectures.
Initially, an overview of remote labs will be given followed by a listing of the significant
remote lab organizations or consortiums (generally not-for-profit or university-based).
Finally, a reasonably exhaustive review will be given of the various remote lab
applications. These applications are broken down into:
•
•
•
•
•
•

Electrical, Electronics and Industrial Automation Engineering
Mechanical and Manufacturing Engineering
Chemistry, Chemical and Process Engineering
Nuclear Engineering
Information Technology (IT)
Miscellaneous

Note that these categories are not tightly defined; hence you will find overlap between the
different disciplines in the discussions below. By virtue of perhaps ease of setting up and
familiarity of practitioners working in related areas, there is a preponderance of electrical
and electronics applications.
The following section provides an overview of remote labs, followed by a list of those
organizations active in this area. The different applications of remote labs will be
detailed, commencing with electrical, electronics and industrial engineering through
mechanical and manufacturing engineering and concluding with Information Technology
and miscellaneous applications.
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10.2 Overview of Remote Labs
Remote labs range over many discipline areas and in many cases are considered simple
remote access of equipment. Some have questioned whether remote labs and simulation
can ever replicate real world experimentation feeling that, “Practical education needs to
be based on errors and irregularities, as occurs in mechanical, electrical or chemical
systems, as opposed to the ideal icons and environments represented on a computer
display”. They were also concerned about the lack of re-use of virtual and remote labs at
universities. They stated that three words summarized a requirement for a hands-on open
lab: ”reusability, simplicity, and flexibility.”1 If remote labs are to succeed they need to
embrace this approach.
There have been many examples of remote labs including a spectrometer, digital
electronics lab, computer vision system and a transmission electron microscope. Many
pundits believe that remote experimentation cannot be considered a substitute for real
experimentation and experience shows that students really enjoy real practical tasks.
University of Melbourne scientists have been operating an electron microscope in Sydney
remotely using telepresence where they manipulate and observe a real and distant object.2
This allows them easy access to an expensive piece of equipment.
A wind tunnel was used where the students and instructor connected from a remote site
and performed all the tests with no operators being present.3
A lab was created for experimenting with intrusion detection (IDS) and intrusion
prevention (IPS) technologies with 16 lab PC hosts and 24 students broken into two
groups with different schedules so as to maximize the use of the equipment.4 The need to
reset the computers after the students’ use and a broadband service were identified for
successful operation.
An example of a remote lab where expensive lab equipment had to be shared was for an
electronic design course in a remote-user and time-sharing mode5 An interesting wrinkle
with a remote vehicle lab was to build in additional safeguards to protect the lab hardware
from damage by the vehicle being remotely controlled by the student.6
An interesting application of a remote lab was the use of a telescope. Here, the web
interface of the instructor who was directly connected to the telescope was passed to (or
his application shared) with that of the student. As the student described the process:
…Ron used application sharing to show me how to use the Web interface that
controls the telescope…. I set the shutter speed and snapped pictures! The live
nature of the session allowed us to examine each picture right on the spot”. The
immediate support and feedback from the instructor to the learner with hands-on
interesting activities made for an outstanding online learning experience.7
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Figure 10.1: Remote Lab Based around a Telescope
A novel remote lab comprised a datalogger that gathered various items of meteorological
data (air temperature, humidity and wind speed) and could be accessed by students
situated remotely. However, there were concerns about verifying of the student’s
resultant knowledge and practical skills.8
The Stevens Institute of Technology have set up a system of remote labs that can be
accessed anywhere at any time, thus allowing the students considerable flexibility, unlike
a traditional lab. Remote labs can reduce costs and are safe for the student, at least.9
An example of a remote lab, at Florida Atlantic University, was used for electrical
element characterization (to examine the current voltage relationships for various
electrical elements). A data acquisition board was set up in a lab; the student could then
remotely wire in different components on the attached configurable breadboard and then
select a sequence of current values to be injected by the data acquisition board analog
output into the resister. The corresponding voltage drop is then read from across the
resistor by the analog input module for the student to read.10
A robotic arm remote lab was used successfully to demonstrate the key principles of
motion control. The learners used their theoretical notes to get up to speed on the subject
(for example, the terminology where you were exposed to concepts such as degrees of
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freedom, rotation angles, etc.). They then interacted with their tutor in grasping the
essentials, and were given access to the robotic arm so that they could then understand
the different degrees of freedom that an arm exhibits. Most importantly, they were also
exposed to their classmates’ work and shared their experiences and knowledge. Overall,
having a practical example of the subject, makes for an outstanding learning experience
as opposed to purely theoretical.11
At the Department of Electrical Engineering, National University of Singapore, remote
labs were applied to demonstrate the use of an oscilloscope, in measuring phase shifts,
examining the frequency response of a low pass filter and the transient response of a
series RC circuit.12
Suggested Remote Lab Topics
Some suggested remote lab topics.13
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Table 10.1: Suggested Topics for Effective Remote Labs
Electrical &
Electronics
Engineering
Verification of
Kirchhoff’s
Current and
Voltage laws
Half and Full
wave
rectification
Transistor
amplifier
circuits

Mechanical
Engineering

System
Frequency
response
Motor Control

Extended
Surface heat
transfer
Tensile testing

Audio Signal
Processing

Vibrations of a
2 degree of
freedom system
Acoustics

Optics
Electrical
Harmonics and
Power Quality
Digital Signal
processing
Programmable
Logic
Controller
programs &
operation
PID loop
process control
operation

Data
Communications
& Networking
Serial data
communications
networks

Civil
Engineering

Chemical
Engineering

Tensile testing
of metals

Processing
plant

Vapor pressure

Industrial
Network Security

Triaxial shear
tests on soils

Heat transfer

Minor and
major losses in
pipes

Routers, switches
and gateways

Concrete
compression
testing

Mixing
operations

Impact of jet of
water

Dynamic
response of
structures
Viscoelastic
behavior of
polymers
Moisture/aging
impacts on
materials
Fracture
mechanics
Fatigue
response of
materials

This table was adjusted from that of Table 1: Typical Physical Laboratory Exercises in
Civil, Electrical and Mechanical Engineering as per reference.13
Other examples of remote labs range from semiconductor characterization, electrical
element characterization, logic design, control, electric motors, image processing,
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telecommunications, FPGAs, optic circuits, antennas for Electrical and computer
engineering; motion, friction, tensile testing, speed of sound testing (mechanical
engineering) and speed of light measurement, electron diffraction, voltage current
characteristics, interference, photonics and fluid mechanics (physics).14
A more detailed examination follows of typical remote labs in the different discipline
areas of engineering. The optimal architecture and theory behind remote labs will be
examined in the next chapter.
10.3 Remote Lab Consortia
A single university or institution is unlikely to be able to provide a single point for remote
or virtual labs to satisfy any one syllabus.15 Students are unlikely to go directly to a
remote lab site but tend to prefer to work through their LMS portal (as a central point) to
access a specific experiment.
It is vital to develop a pool of remote labs on an international basis to increase the
availability of labs and to proffer opportunities for students in varied countries to
collaborate with each other in lab experiments.16 In today’s world, engineering graduates
need to be able to negotiate meanings across languages and cultures or to be
interculturally capable.
There are a number of different remote laboratory management systems providing
support for groups of remote labs.17 These include iLabs Shared Architecture (from
MIT), WebDeusto, LiLa and Sahara (Labshare)–all discussed below.
MIT iLabs
Arguably one of the most famous examples of a remote lab initiative are that of the iLabs,
started by MIT (and sponsored by Microsoft) in 2000 with a microelectronics device
characterization test station, a dynamic signal analyzer, a heat exchanger, a shake table
and a polymer crystallization lab. Up to December 2006, a reported 4500 students
worldwide had taken for-credit course assignments using iLabs. The source code has
been made freely available to everyone to use.18
Australian Labshare Project
The Labshare Institute was initiated to highlight and demonstrate the use of remote labs
(or “remotely accessible laboratory technologies within the education sector” as they state
so aptly on their website labshare.edu.au). Refer to the resources contained on their
website, which ranges from a glossary of terms, a literature review of remote labs, a
commentary on engineering accreditation criteria, and (most importantly) sample lesson
plans and evaluation questions for the currently available lab rigs.19 It was anticipated
that over 4,000 students from nine Australian universities would be participating in the
labshare project during 2010 and 2011, and considerably more research findings would
thus be derived.
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Global Online Laboratory Consortium (GOLC)
An international group of universities creating online labs have formed the Global Online
Laboratory Consortium (GOLC). A meeting was held in January 2009 with participants
from fifteen universities in the USA, Africa, Australia and Europe to establish a
consortium to promote and implement online labs and supporting infrastructure and
scholars initially based on the iLab Shared Architecture developed at MIT.20 The iLab
framework has two different types of labs: Batched and interactive. Batched experiments
are where the entire experiment parameters are defined before execution of the
experiment, whilst interactive ones are performed online in real time.
Three prominent labs included in the GOLC grid were:
•
•
•

A remote Application Specific Integrated Circuit (ASIC) design and test system
where users can experiment with real chips.
A remote digital systems laboratory allowing users to perform experiments with a
Complex Programmable Logic Device (CPLD).
An image processing lab where the users have to develop an autofocus algorithm
using LabVIEW.

Deployment of the VISIR
The Department of Electrical Engineering at the Blekinge Institute of Technology in
Sweden set up a remote lab project in 1999 to duplicate the traditional hands-on lab
workbench for electrical experiments (e.g. for electronic operational amp
experimentation) called the VISIR (Virtual Instrument Systems in Reality). This remote
lab software is disseminated as open source software.
The VISIR is being used at three other universities: University of Deusto (Spain),
Polytechnic Institute of Porto (Portugal) and Spanish University for Distance Education
(Spain).21 At the Faculty of Engineering University of Deusto, it is used in
telecommunications, computer science, industrial technologies and electronics. In a
survey, the students regarded the VISIR as an excellent support tool. The Polytechnic
Institute of Porto initially applied it on the applied physics course of the computer science
engineering degree with positive feedback from students. It has since been extended to
six different engineering degrees. The Spanish University for Distance Education initially
accessed the University of Deusto remote labs for the electronic circuits and components
course with circuits such as half-wave rectifier, regulator with zener diode, operational
amplifiers and BJT transistors; again with positive feedback from students. It has now
been installed within their own labs. The long term plan was to set up a network of
remote labs at partner universities to increase the scalability of the labs and to increase
the range of implementation.
LiLa
The LiLa (Library of Labs) project is a European Union-funded project to set up remote
and virtual labs.22 The concept is that LiLa partners can collaborate with each other in
using each university’s labs in presenting their lectures. It was noted that many
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universities in Germany have a challenge with students being unable to fit in labs into
their busy lecture schedules.
There are differences between LiLa and some of the other initiatives to create online labs.
Both iLabs and Labshare specify the software infrastructure for their labs, while LiLa
defines the interfaces required to build a repository of labs without detailing their
architecture.
Another initiative, Lab2Go, details references to online resources while LiLa provides an
online repository where students and instructors can download the required resources.
10.4

Electrical, Electronics and Industrial Automation Engineering

Remote Electronics Lab with Electronics Workbench
Tisdale described the use of a lab with the electronics simulation tool, Electronics
Workbench. Here they set up the simulation software package, Electronics Workbench,
on a central server which students accessed remotely using Microsoft’s Netmeeting.
Electronics Workbench provided simulation of such items as resistors, capacitors,
inductors, op amps, logic chips, dc, and ac stepper motors. They found that it was
unsuitable for beginning students who had no comprehension of working with real
components but for experienced students it was a great way of illustrating basic principles
especially being freely available. It was important for the instructor to be available and to
ensure the students knew that only one person could use the central server housing the
simulator at any one time. There were some significant security problems experienced in
using Netmeeting with and due to this problem students off-campus were not able to
access the simulator. Other challenges with Netmeeting were that it was quite resource
hungry on the CPU, but this was described using an early version of Netmeeting with a
considerably less powerful PC.23 Presumably performance has improved since then.
Remote Electronics Laboratory
A remote controlled instrumentation lab was used to teach electronics to information
engineering students called ISILab (Internet Shared Instrumentation Laboratory). Typical
labs conducted here included delays in digital circuits, gain and distortion of amplifiers
using a waveform generator and oscilloscope. A Real Laboratory Scheduler (RLS)
manages each experiment, scheduling and serving multiple users at a time. There is,
however, no booking facility provided. Each user doesn’t need any software or hardware
to access the experiments, merely a web browser and Java Virtual Machine. Electronic
switch matrices are used to switch the different circuits into action and perform the
measurement. A specific circuit stays connected just long enough to perform the
measurement. Using time sharing, multiple users can thus access different experimental
configurations. Each experiment has an associated set of documentation for the
experiment including:
•
•
•

The theoretical concepts behind the experiment.
Objectives of experiment.
Results expected.
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•
•

Description of the equipment used.
The detailed experiment’s description.

A webcam provided a video view of the experiment.
The number of switches in the matrix increases exponentially as the number of
components increase, so this makes for a limited experiment. Due to the contact
resistance of each switch, the signal quality does tend to degrade through several
switches. This necessitated adopting an approach with a motherboard and 16 slots where
a specific type of circuit is built for experimentation. The circuit board is then connected
up dynamically to 18 lines (5 lines for the power supplies / 1 line for input signals / 3
lines for output signals and 8 lines for circuit identification). Instrument virtual panels are
the graphical user interface to allow the student to interact with the real devices (with
knobs, menus and waveform charts).
In conclusion, the designers remark that remote labs probably can’t replicate the
experience of a traditional lab; for example, construction of a prototype circuit. However,
the evolution of hardware technology makes it less and less likely that an electronic
circuit is built from scratch. So this remote lab approach is certainly valid and usable.24
Remote Laboratory with an FPGA Board
A remote lab was constructed using the client-server approach, with eight remote servers
each connected to a field-programmable gate array (or FPGA board). An FPGA is an
integrated circuit which can be configured by the designer using a hardware description
language (HDL). The FPGA can be used to implement any logical function that the
previously popular ASIC (Application Specific Integrated Circuits) chips could do. After
the student has prepared his or her design using the relevant software design tools, the
design is reconfigured on a remote server. There are eight servers available, each
connected to a FPGA board with I/O capabilities. There are two sets of practical sessions.
The simpler set is based around 8-bit switches and LEDs, 4-bit pushbuttons and LCD
displays. The second set of practical sessions is aimed at more advanced designs and uses
lab equipment including signal generators and oscilloscopes. The student would select the
appropriate test equipment to use. Certain pins on the FPGA board are allocated as test
I/O pins (and physically connected to lab equipment) so if there are more test points than
test pins, a multiplexing unit needs to be selected and set up in the FPGA design. There
was some degree of unhappiness by the students in the difficulty of making an easy
connection to a remote lab, but this was apparently because of only provision of verbal
instructions on what to do, resulting in the usual misunderstandings. Help menus and
tutorials are planned to minimize this problem in future.
Initially, LabVIEW from National Instruments was used but was discarded in favor of a
(claimed) lower cost, quicker expansion and continuous updating ability software
solution.25
From an engineering point of view, it has been suggested that based on the experience
that online learning technology has evolved from following this sequence: boring online
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self-study, online courses with static visuals, web conferencing with minimal interaction
from learners using web casting, interactive web conferencing, simulation of experiments
to practical experiments using remote labs.26
Integrated Circuits Testing
Integrated Circuits Automated Test Equipment (for testing of System-on-a-chip) can be
an expensive proposition with a Verigy V93K System costing over one million Euros.27
A solution was to share the equipment both locally and remotely through the National
Test Resource Center of the CNFM at the University of Montpellier in France. Besides
those sourced from France, users have come from countries such as Germany, Spain,
Italy and Slovenia. The test software (SmarTest) is based on the Eclipse open platform.
Remote clients have the option of connecting directly to the lab’s Linux stations using the
VNC software or of running the SmarTest software locally on their machines (especially
useful if latency of the link is an issue). The typical test program has a number of steps:
Defining the pins, defining the levels and timings, defining the vectors and then in
debugging the functional test (with a pass or fail). The tester usage has reached 80% of
working hours for the first quarter of 2009 with about 100 students each year accessing it.
Mixed Reality Remote Lab
A remote FPGA lab was constructed with a virtual 3D image of the board (using
Unity3D) to make it look more realistic to the user (such as reading codes on the chips).28
An interactive layer was added to the board comprising switches, lights and messages for
the user. There are thus opportunities in using augmented reality in the design of a remote
lab.
Robot and Programmable Logic Controller (PLC) Lab at Elizabeth City State
University
A remote lab was set up in the Department of Technology at Elizabeth City State
University with a Scorbot-ER 4U Robot, an Allen Bradley SLC 500 Programmable Logic
Controller, a host programming computer and a Logitech web camera, all connected on a
common LAN.29 These are accessed from a remote computer that has to configure the
RSLogix PLC programming software and Scorbase robotics software located on the host
programming computer.
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Figure 10.2: A Typical Remote PLC Lab
A VPN network was setup between the remote client computer and the host programming
computer to ensure adequate security. A static IP address was assigned to the host
computer and the remote computer connects to the host computer via a secure VPN
channel. Some of the limiting items that were noted included the speed of the network
(1MBps for the internet); the host computer USB port needed to be fast and a range of
static IP addresses was suggested (to set up a VLAN). Finally, the latency of 10 to 20
seconds to complete a requested action from request at the remote computer to the
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automation system performing the action was considered fairly lengthy and unacceptable.
This is a significant latency and was likely to irritate a student, but it was unclear if it is
mainly due to the communication system (which can be certainly improved) as opposed
to the action of the automation system (where it may be more difficult).
Overall, the remote lab was considered successful. A few future improvements noted
were to improve the speed of operation (presumably reducing the latency), increased
flexibility, an improved camera with 360º viewing capabilities and a miniature camera on
the robot arm so that the gripper of the arm can be viewed in more detail.
Measurement and Instrumentation Remote Labs
Three experimental rigs were set up at Fort Valley based around National Instruments
(NI) data acquisition boards and LabVIEW software as follows:30
A motor generator station that has a three phase ac motor driving a dc generator. The
motor is driven by a variable voltage, variable frequency ac inverter. A National
Instruments (NI) board has an analog output which controls the speed of the motor. A
speed indicator comprises a photosensor detecting moving strips of reflective tape on the
coupling between motor and generator, and thus sending a pulse train to a frequency
signal conditioner. A reaction torque sensor measures the torque on the generator. Five
temperature sensors monitor the temperature at various places on the unit.
A pump flow level system comprised a dc motor-driven centrifugal pump that pumps
water from a reservoir to a gravity drained receiving tank. The gravity drained receiving
tank drains back to the reservoir. The flow rate is measured by a paddle-wheel flow
meter. The pump speed is also controllable. The height of liquid in the tank is measured
with a pressure sensor. A pipe allows for draining of a controllable amount of liquid out
of the tank.
A heat transfer station comprises a soldering iron connected to a long rod which has
thermocouples connected to it along its length. There are a number of rods of different
metals that can be selected.
The first two stations are entirely controlled from the web via a remote computer also
running a run-time copy of LabVIEW which accesses LabVIEW running on the
laboratory computer connected to the test rigs.
The overall feedback from students was positive–especially considering the time to run
the labs and the flexibility of location in which to site the remote computers to conduct
the experiments.
Use of Multisim with an Online Lab
The beauty of using Multisim with a lab kit (such as ELVIS II from National
Instruments) is the ability to compare simulated and real data from electronic circuits.31
Multisim allows one to work with both analog and digital components in a spreadsheet
environment with traditional SPICE analyses and the ability create interactive parts (such
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as switches and potentiometers) to dynamically change the simulations. Hence, Multisim
can be used to practice prototyping in a simulated environment and then use a portable
onsite lab (comprising data acquisition system and circuit training board, such as ELVIS
II) to test out the results of the simulation in a real environment.
Automated Lab Test Environment for Electronics
In the Engineering and Technology programs at the University of Hartford, an
“Automated Laboratory Test Environment (ALTE)” was set up.32 The concept wasn’t to
replace existing labs but rather to supplement them on a 24/7 basis due to the overload in
terms of burgeoning student demand.
The architecture comprised three modules: a web-based database managing student
access and the lab resources, a lab PC (with LabVIEW) and the hardware/instrumentation
that collected data from the DUT (Device Under Test) which formed the specific
experiment being undertaken. The lab PCs, with a pre-developed LabVIEW virtual
instrument panel (which broadcasted the interface on the web so that the remote students
could interface to the equipment), were set up with different collections of equipment
such as an Agilent DMM, function generator and oscilloscope, National Instruments’
Educational Laboratory Virtual Instrumentation Suite (ELVIS) and custom data
acquisition hardware.
Lab procedures were written and uploaded to the ALTE by the lab instructors and were
detailed enough to show students how to access the remote labs and to operate the virtual
instrument controls.
Two labs each were created for two fundamental electronics courses. These were Series
RL circuits and parallel RL circuits (ac Electrical Fundamentals) and Digital
gates/combinational logic and J/K Flip Flop circuits (Electrical and Electronic
Fundamentals). Each student was limited to 2 hours per session.
The results were mixed. 22 of the 31 students undertook 33 distance labs sessions mainly
over the period from 1pm to 5pm and 8pm to 12pm. The number of students dramatically
reduced on the second and subsequent distance labs. The lab report grades were similar
for both online and remote labs. Students strongly preferred the on-site labs. There was
an equal split between those who saw value in remote labs and those who felt that the
remote labs exercise shouldn’t be continued.
Some suggestions from the students were to embed a circuit diagram on the virtual
instrument panel to make it more obvious what was being tested. Other suggestions were
that remote labs are useful for “predict and measure” labs compared to on-site labs that
focused on design and troubleshooting.
Applied Engineering Technology Labs
A selection of remote labs for applied engineering technology students from Drexel and
associated community colleges was put together.33 The first comprised an electronics lab
introducing students to the fundamentals of ac/dc circuit analysis, analog and digital
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electronics and the fundamentals of microprocessors using LabVIEW. The second lab
undertook Non- destructive testing of Materials (NDE) such as aircraft wing sections and
rocket motors. The NDE transducer positioning system was completely computer
controlled and the output image and analysis was performed via computer. The third lab
was a robotic assembly station using four Yamaha robots for pick and place operation.
Students programmed, debugged and tested the robots remotely. The initial tests with
pilot lab sessions at outlying community colleges and Drexel university were successful
with estimated annual savings of the order of $24,000 per course.
Fiber Optic Education using Simulations, Videos and Remote Labs
The Universities of Houston and Colorado developed three remote lab experiments for a
Fiber Optic Communications course.34 There were three parts to each experiment: a
simulation, a pre-lab video and an interactively remote controlled and monitored
experiment. The simulation allowed a student to perform experiments by varying various
parameters of a model and observing the results. The pre-lab videos illustrated the
procedures that had to be followed in each lab.
Simply placing static materials on a website was avoided as this was considered not to
have the same educational benefits as that of an interactive video streaming presentation
with students interacting in real time with (live) instructors. It is conceded that a highly
motivated student may be more enthusiastic about listening to a video streamed
presentation at their convenience rather than at some fixed time.
Optical fiber dispersion and the receiver noise figure are two important parameters in the
design process and the simulation tool allowed one to examine the trade-offs. The
simulation tool was based around LabVIEW–it is easy to download a free copy of the
runtime engine to use this tool. The front panel of the virtual instrument allowed changes
to bit rate, linewidth, fiber core, cladding dimensions, indices, receiver noise level and
amplification. The resultant output is an eye-diagram and bit error rate (BER).
The remote lab comprised a PC-based optical time domain reflectometer (OTDR) that
could be controlled via LabVIEW using the virtual instrument panel. A live video feed of
the OTDR display confirmed the readings on the virtual instrument panel and helped to
add more realism and confidence to the lab.
As the authors point out in another paper, it is hard for the instructor in assessing students
working in remote labs.35 They note that remote labs today reflect the increasing move of
manufacturing facilities to being remotely monitored and controlled. A survey was
conducted of students on these remote labs and 83% indicated that they found remote
labs and residential labs gave them similar confidence. 55% of students found the
webcam gave a positive impact on their confidence in dealing with the labs (against 45%
who were neutral).
It is pointed out that nowadays, modern test and measurement is often performed
remotely so this lab is a reasonably realistic representation of the real world.
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Typical Commercial Remote Lab Hardware for Wireless
The rapid growth of wireless technology (e.g. 3G cellular, industrial wireless and wireless
sensor networks) is a fertile ground for labs and there are a few well-known commercial
offerings in this area offering remote access to a student.36 EMONA Instruments offers
various hardware-based communication systems such as the TIM-301/C System Unit
which has fixed plug-in modules such as master oscillators, buffer amplifiers and optional
plug-in modules such as adder, multiplier and phase shifter providing a wide range of
communications experiments. An additional module (net*TIMS) is simply plugged into
to this system unit and connected to a net*TIMS server. Users log onto a standard
browser and receive a Java-based client relative to the specific experiment. The cost of
net*TIMS is high ($30,000) and the number of experiments is limited.
Other options include National Instruments RF/Communications combination based
around the LabVIEW package and an eight-slot PXI chassis, RF (Radio Frequency)
signal generator, RF signal analyzer and embedded PC controller. The LabVIEW pages
can be published on the web where one student at a time can manipulate objects (and the
other can only observe).
A survey conducted on students who had undertaken the Amplitude Modulation Lab
rated the overall lab as excellent or good (approx. 90%).
Electronic Technology Labs using a Switching Matrix
At the Oregon Institute of Technology, the second-year (or sophomore-level) students
undertaking analog electronics classes have associated lab classes where they do hand
calculations, computer simulations and experiments on a range of electronic circuits. Five
remote labs were constructed for mature age professional students to access as part of
their distance learning.37 The same experimental setup and electronic devices were used
as in the normal classroom-based physical labs. The only exception was that the dc power
supplies were hardwired to avoid the students damaging electronic components in error.
The ubiquitous National Instruments hardware and LabVIEW software were used. Two
labs were initially set up based on the Operational Amplifier and MOSFET integrated
circuit chips. The part of the remote lab that made it particularly useful was the switch
matrix (and terminal block) of 512 micro-switches that are arranged in an 8-row by 64column format. The switches were controlled by the matrix controller, which allowed for
real electronic components to be selected and then connected into the desired
experimental circuit. Although only one student could have control of the circuit at a
time, the remaining students could observe. The results were mixed with the student
survey indicating between 27% and 45% felt the remote lab was as good as a learning
experience as the physical lab. Only 40% to 53% of the students preferred the remote
labs. The one heartening result was that over 80% of the students considered them an
acceptable alternative for distance learning students. As a result of this work, the remote
lab program was to be expanded to also include labs in introduction to amplifiers and
semiconductors, transistor amplifiers and frequency response of amplifiers. In addition, a
scheduling system was to be introduced to avoid conflicts with multiple students trying to
simultaneously access the same lab.
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Computer-aided Control System Design Course
A computer-aided control system design course at Michigan Technological University
was enhanced with a remote lab.38 The objective of the lab component of the course was
to increase the understanding of control system design. The lab designers felt that the
students didn’t have a sufficiently deep appreciation of control system concepts and the
lab component was considered critical to achieving this. During the initial phase of each
lab, MATLAB (with SIMULINK) was used in a variety of different experiments
covering linearity, linearization, Laplace Transform analysis, time domain specificationbased design, Bode Plots and PID Controller design.
After performing the simulated pre-test of the controller design, the students then
implemented it on physical hardware in the lab and compared the theoretical and practical
results. There were three main control system hardware experiments: a dc motor driven
gear set with encoder feedback, a dc motor driven cart with encoder feedback and finally,
a water pump / tank system with tank pressure sensor feedback. Quanser’s weblab
software was used to convert the in-class labs to remote ones. Sensor information was
streamed to the student web client from the remote lab and this rendered the motion of a
3D model of the hardware. The students learned the interface quickly and were able to
collect and analyze the data effectively. The next exercise proposed is to compare the
different levels of comprehension of a student undertaking a hands-on experiment vs. a
remote lab.
Laser and Fiber Optics Technology Labs
Queensborough Community College set up a remote lab on photonics which was tested
by Suffolk County Community College as the remote site.39 Courses in photonics are
hugely capital intensive requiring considerable expenditure especially bearing in mind the
limited number of students. There were three courses comprising the laser and fiberoptics technology program: lasers and detectors, fiber optics and physical optics. Course
materials included interactive multimedia textbooks (with animations, simulations and
video clips), lab manuals and the remote controlled lab exercises. The selection of remote
lab exercises was comprehensive and included: interferometry, diffraction, polarization,
acousto-optics, electro-optics, coupling losses, wave division multiplexing, dispersion
and distortion in fibers.
The labs fitted into two categories: those that required movement of objects that were
controlled by motorized mounts and those that required control of instrumentation (e.g.
Michelson interferometry). An example of an exercise was the use of a Michelson
interferometer that was aligned by controlling the horizontal and vertical tilt on one
mirror. The alignment was undertaken by observing the fringes using a video camera.
The student could control both the camera and motors.
A number of additional hands-on exercises were required which had to be performed in
person by the student attending the college (on a Saturday, for example). The results
showed that the lab manuals needed to be significantly improved for the distance learning
students. When the instructor is on-hand, as during a normal class session, defects in a lab
manual are easily dealt with. This is not the case with distance learning students who
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don’t have immediate access to an instructor. The naming of equipment in the lab
instructions also needed to be made more idiot-proof and transparent. When these
changes were affected and tested on the distance learning students, the average grade was
higher than the local residential students. However, it should be born in mind that this
sample was small and the students were likely to be self-selecting.
Remote Lab based on Programmable Analog Device
The ispPAC10 (from Lattice Semiconductor) is a programmable analog chip allowing for
the implementation of several analog circuits such as low-pass and band-pass filters,
amplifiers and oscillators.40
Two similar remote labs were set up based around this chip at the Carinthia University of
Applied Sciences (Austria) and Princess Sumaya University for Technology (Jordan).
Experiments were conducted at the server side where experiments could be controlled
over the internet by changing parameters on the input signal such as waveform,
frequency, amplitude and offset. The outputs from the chip would then be compared to
the inputs.
The architecture of the system comprised a LabVIEW server with a NI Data acquisition
board. The LabVIEW server published the front panels of the virtual instruments
allowing for remote access (through a browser and the LabVIEW runtime engine). The
PAC-Designer software for programming the ispPAC10 chip was installed on a Citrix
server that could then be remotely accessed in creating circuit schematics and uploading
the design. The data acquisition board could then be configured remotely via the remote
instruments (function generator and oscilloscope). Some limitations were that the
function generator could not generate the signals within a large bandwidth and low
amplitude signals (0.1 to 0.2V) noise was noted. This was remedied by using a cable with
individually shielded analog twisted pairs.
Electric Drives Lab
A remote electrical drives lab was set up at the Electrical and Computer Engineering
Department at the University of Minnesota.41 Generally speaking, students are not
familiar with labs and lab equipment with relatively complex measurements required.
The tight time restrictions in working in a lab add to the pressure. The approach described
below was considered a great way to overcome some of these challenges.
A remote lab based on real electric drives was set up using Adobe Breeze, MatLab
Simulink and Real Time workshop as well as dSPACE and Control Desk. The simulation
software tools allowed the students to compare results with the real experiments and
(hopefully) illustrated that there is a chasm between real world lab experiments and
equipment and a neat computer simulation. Adobe Breeze allowed for web conferencing
and application sharing of a real world application. Matlab Simulink was used to build
real models and the Real Time Workshop generated the C-code. dSPACE was used for
testing and verification of the motor control algorithms generated by Simulink. Finally,
Control Desk was used to create virtual instrument panels and allowed the student to
manage the entire experiment.
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The lab had six terminals, one of which had all the equipment (including machines) and
the others with all the software installed (without being connected to any machines).
Typically in a lab, there were 10 students broken into five teams. The instructor passed
control to the students in a Breeze virtual meeting room. The students built the simulation
models and all worked together on setting up and running the experiment on the one
machine. The instructor shared her terminal desktop with the other students and they then
performed the experiment using Control Desk. The students were then expected to
compare the results from the simulations and the real equipment. They could also work
individually from their own PCs performing the simulations and then screen sharing with
the other member of the team.
The difficulties that were experienced are that students have difficulty in visualizing the
physical electrical machines in operation. Providing recordings of the labs can obviate
this problem. In building a large number of Simulink components, delays were
experienced in sharing screens between students leading to some irritation, but students
adjusted to this delay.
The advantages with this approach are reduced expensive hardware requirements of lab
equipment. One hardware setup (and a back up) is all that is required when using these as
remote labs. The lab sessions could also be recorded allowing the student to prepare and
reflect on the lab more effectively. In using computer-based collaboration between the
students, the integrity of the course could be improved as a more accurate assessment
could be made of a student’s work.
Multi-circuit Switching Board
At Western Michigan University a matrix switching board based around a web-based
server was built (based on an AMD microcontroller).42 The microcontroller allowed the
setting and resetting of up to sixteen dedicated TTL signals that then control the matrix
board relays.
A virtual breadboard was populated with three resistors and two power supplies. A user
could then drag any components around the breadboard to achieve a certain wiring
circuit. The SUBMITT button was then pressed by the users to clear previous settings and
to then set up the new desired setting of leads to nodes.
All software was written in HTML, JavaScript, Java and C (for the Common Gate
Interface).
Remote Lab with LabVIEW
As discussed above, working in a laboratory is a key element of engineering education. A
remote laboratory was set up at the University of Hong Kong Electrical and Electronic
Engineering Department using LabVIEW with virtual instruments such as digital
multimeters and an oscilloscope, and associated hardware for 50 undergraduate electrical
and electronic engineering students.43 The survey results indicated that these labs were
considered more suitable for senior students and should preferably be used in conjunction
with traditional labs. In addition to the normal listed advantages of remote (and virtual)
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labs, it was believed they increased students’ enthusiasm for learning through
interactivity, and improved IT literacy. Industries are increasingly using simulation
software, so it is important for students to gain expertise here. Finally, use of remote or
virtual labs easily provides attendance information as well as quick feedback and
assessment. In addition, to the disadvantages listed earlier, it was suggested that remote
access discourages team work and there is an increased risk of plagiarism.
Optical Circuits Laboratory
The Engineering Technology Department at the University of Houston and the Electrical
and Computer Engineering Department at the University of Colorado (Boulder) described
a remote labs offering for an optical circuits course covering understanding and operating
optical components and their associated test and measurement instruments. They felt that
this course was important because of the lack of knowledge on fiber optic transmission
systems, optical detection and bit error rate issues. One of the key issues, as pointed out
here by the authors is to separate the imperfections between the technology and the actual
teaching aspects of the lab.44
They pointed out that the imperfections in their remote lab technology related to the
connection speed from the client browser to the remote lab. Whilst there have been no
problems with the speed from the student client browser to the lab, there have been
delays of up to 2 secs in switching from one setting to another (e.g. LED to laser
transmission) and in addition, the server has “frozen”. The second imperfection related to
the data acquisition software (LabVIEW), perhaps relating to inefficient instrument
drivers. The third issue has been a requirement for more controls on the remote lab
interface, but there are some concerns that this may make the interface too complex.
The second set of imperfections related to the teaching of the course and use of the lab.
Before commencing, the students attended a video of the lab and then undertook a
simulation. The idea behind the video was to provide an overall picture of what is
happening and help familiarize the students with the equipment and setup. Imperfections
were considered to be the orientation video, the lack of troubleshooting practice in the
remote lab and the possible mismatch between the simulation model and the real-life
experiment.
The student surveys at the conclusion of the experiments indicated satisfaction in
conducting the experiments with most students comfortable with the interface to the real
instruments. There was some degree of unhappiness with the remote control panel
software. Although it’s difficult to gauge from the survey whether students were actually
“dissatisfied”, most indicated that the remote lab did not give a similar experience to that
of a real hands-on experiment (56% to 44%). Additional “expert” opinion was equally
divided as to whether the lab instructions were sufficiently clear. Interestingly enough, all
the experts indicated that there was no requirement for a webcam to control the
experiment.
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A Competitive Way of Learning Automatic Control45
The University of Siena Engineering Department has created a successful way of
encouraging learning in control systems. They have four processes set up in remote labs:
A dc motor, level control in a tank, magnetic levitation and finally, a helicopter (two
degrees of freedom used in graduate level courses) They pointed out that while virtual
labs are good for absorbing theory, remote labs are essential for learning about real world
problems such as in dealing with non-linearity issues.
A competition was organized with the students designing a controller (and associated
parameters) using Simulink on their own computers (using a pre-defined template they
download). They then describe the structure of their controller on the lab site and upload
their MatLab file and data. These are then compiled and executed in the remote lab.
Another graphical window allows the user to start the experiment and to observe its
associated plots. A ranking is then automatically created of all the submissions from
students, so that they can see who has submitted the optimal solution. Overall, this was
successful and allowed students to apply their theoretical knowledge without restrictions
on lab opening or closing times.
eComLab: A Radio Communications Remote Lab
At the University of Texas, San Antonio, a series of remote labs (eComLab) was
constructed with three generations of development.46 The first generation comprised
TeamViewer and chat and file transfer available. This is a first-in, first-out queuing
system with no collaboration possible and clients are required to install software on their
machine. The second generation allowed for multi-user access, with uBuntu Linux to
provide the web interface from an Apache http server, a MySQL database, separate
computers for the experiments (using National Instruments ELVIS data acquisition
hardware and Emona DATEx trainers) and streaming real-time video. For reasons ease of
access for students, the Blackboard LMS was used to access the lab system. The
experiments could be accessed through a standard web browser with no software
installation required. Multi-user access was possible, with only one user being able to do
the control.
The latest generation allowed for a standard browser to access experiments with all web
pages coded in PHP using the MySQL database. TightVNC was used for transmission of
the remote experiments. The central server verifies all user credentials and can either host
the experimental hardware or connect to other machines.
When the student logged onto the eComLab, they choose the appropriate experiment,
discussion board, a survey, and resources area. In the experimental zone, the user has
access to update rate of lab, full screen mode and the ability to transfer control of
experiment to others.
The instructor is also able to manage the lab remotely with management of materials,
experiments and users. Data from surveys indicate that the students believe the
improvements over three generations of labs have been positive.
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Remote Lab for Collaborative Experimentation at University of South Australia
The authors believe that students have two methods of working together and learning,
which they have labelled: collaborative or co-operative learning. Collaborative learning
occurs when students make their own decisions about what to learn and how they
undertake this process. On the other hand, co-operative learning requires the instructor to
drive the learning process by making decisions for the groups on how they will work
together and thus learn.47 Engineering projects are characterized by a considerable
amount of collaboration with multi-disciplined teams a key part.
A remote lab (the 'Netlab') located at the University of South Australia was set up
comprising programmable lab instruments, such as an oscilloscope, function generator
and multimeter, connected together with the IEEE 488.2 interface to a lab server PC. An
additional feature was the 16X16 programmable matrix relay switch allowing the
connection of different electrical components together. The lab server and student client
software interface were written in Java. The student client interface conveys a feeling of
realism of working with real instruments and the students are able to push buttons and
turn dials on the instruments using a mouse. The remote lab was originally written using
LabVIEW; currently the Virtual Instrumentation Software Architecture (VISA) API is
used to direct commands to the appropriate instruments. Components such as
programmable variable resistors, capacitors and inductors can be connected in a lab. In
addition, transformers can also be used. An easily configurable camera that can pan, tilt
and zoom with its own web server completes the Netlab.
The Netlab allows for up to three users to have control of the lab equipment at any time.
Students can book lab sessions for groups of three, two or one individual and are drawn
from Australia, Singapore, Malaysia and Sri Lanka. An example of an experimental set
up was to create different models of an inductively coupled third order system. Students
had to connect together the different components collaboratively using the chat window
in the client software to communicate. Once they had obtained the experimental results,
they were required to create two theoretical models of the system using PSpice and
MatLab. There should be a match between the experimental results from the lab and the
theoretical models and this can be quickly ascertained by the instructor. In most cases if
there were a mismatch, it would be because a component hasn't been connected correctly.
The authors compared the experimental results (using returned survey results from 60
students to assist in understanding the results) from three groups: remote labs only, the
actual lab and a mixture of both. Students generally still preferred to undertake
experiments in the traditional lab setting. However, the lab grades of the labs were similar
for all groups. The most popular, most time efficient and presumably easiest approach for
producing lab reports was for each member to be allocated a clear objective of their work
to complete, as opposed to the passing of the lab report to each student in turn to
complete his or her portion.
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Standard Electronics Lab with Web Kernel48
The main focus of the R-Lab was for electronics experiments. A configurable switching
matrix distinguishes it from other remote labs. The R-Lab was based around the clientserver model with five components:
•
•
•
•
•

Student clients.
Internet link.
R-Lab Server that has Web Kernel software.
Experimentation Unit.
Instruments (such as signal generator, oscilloscope and power supply unit)
connected to the experimentation unit.

An example of the use of the switching matrix was in conducting operational amplifier
experiments and changing the associated circuit elements (e.g. feedback resistors from
10K, 5K and 1K Ohm). Students were generally happy with the lab, but one concern
expressed was the slow transmission of images to the client displays. A faster IEEE 488
interface was anticipated to improve response times to correct this problem.
As has been pointed out, these remote labs will never replace the real hands-on
experience in a real lab but they can be used to supplement the real labs and to provide
more time for familiarization with the labs (perhaps, before conducting the “real”
experiments).
A Robotics Laboratory
At the University of Texas, Brownsville, a Bachelor of Applied Engineering Technology
program was created based on a set of remote lab experiments comprising robot
programming and application development, sensor integration and application,
calibration of a vision system, an automated visual inspection system and assembly and
color sorting using computer vision.49 The two key components in the remote lab were
the Seiko D-Tran robotic system and a DVT vision system. Communications between the
Seiko-D-Tran robot and the vision system was through an interface module. The remote
user obtained permission from the host computer and then took over control of the robot.
Students learn basic programming tasks for robots and vision systems and gained some
appreciation of the need for safety when programming devices at a distance. Some
improvements are required for future implementations such as the provision of multiple
experiments (to reduce queuing), improved bandwidth and operator interface.
Remote Labs for Electrical and Electronic Measurements
The School of Engineering at the University of Salerno, Italy set up two sets of remote
labs based on a software package (called SINBAD) using Jini running on top of Java.50
The first one was for about 100 students with no experience in electronic measurements
and who needed to learn about basic concepts. They undertook a range of remote labs.
The students indicated satisfaction with the labs. The instructor commented on the
additional time spent on the labs compared to those for traditional labs. The second set of
labs was aimed at final-year students who needed to learn about in-depth control of
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programmable instruments. 25 students attended the normal labs and 25 undertook the
remote labs, with the latter demonstrating greater learning results. This was ascribed to
more time to design, implement and attempt their programs on the remote labs.
Digital Signal Processing Lab
A digital signal processing remote lab was constructed (at Texas Southern University and
Prairie View A&M) based on Java and accessed through a web browser and URL
address.51 The following experiments were conducted on it: FSK modem encoding and
decoding, audio player/recorder system, AM communications system, FM synthesis for
music tones, spectral analysis and Fast Fourier Transforms. In addition, a robotics remote
lab was set up based on National Instruments NI ELVIS system, Quanser QNET motor
board and a rotary inverted pendulum all using LabVIEW. The experiments proposed for
the robotics lab included dc motor parameter identification, open and closed loop speed
control, torque control, PID Controller design and stability analysis.
Java-based Digital Signal Processing Online Labs
Digital Signal Processing (DSP) labs have been engineered using an online DSP toolbox
created at Arizona State University Department of Electrical Engineering.52 The complete
DSP toolbox is accessible at http://jdsp.engineering.asu.edu/jdsp.html and would be ideal
for distance learning courses. The software modules provide online 2D digital signal
processing capabilities including signal generation, FIR filter design and transforms.
Image processing functionality is also provided. Simulations are created by connecting
selected blocks in the workspace. A number of specific lab exercises have been
developed ranging from introduction to the toolbox, implementation of 2D linear and
shift invariant systems, FIR design and 2D transforms. These were intended for use in the
graduate Multidimensional Signal Processing and Image Processing course. Feedback
from students has been generally strongly positive about the utility of the toolbox and
learning value.
Supplementing of On-Site Labs
An approach to supplement existing on-site labs with a remote lab allowing experiments
to be accessed 24/7 was undertaken at the University of Hartford College of Engineering,
Technology, and Architecture.53 This lab system comprised four components: a webbased interface and database system, multiple lab station PCs running the test software
connected to hardware/instrumentation and interfaced to devices under test. Each lab
station had a pre-configured LabVIEW virtual instrument panel for the remote or local
user to work with. An Agilent 4x8 multiplexer two wire switch was used by the remote
user to access different test points on the devices under test.
Remote Lab in Circuits and Instrumentation
Michigan Technological University began offering its Circuits and Instrumentation
course for non-electrical engineering majors to distance learning students.54 The
challenge with the presentation of this course was the large lab component which was
expensive and difficult to deliver and thus a change was made to convert it to a remote
lab. This remote lab was based on using National Instruments LabVIEW and the
Electronic Laboratory Virtual Instruments Suite (NIELVIS). This product not only
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provided the PC-based measurement tools but also provided a breadboard for building
circuits. One disadvantage of these particular remote labs is the remote students' inability
to make changes to the components and construct circuits.
Lab experiments offered over the 14-week semester included:
•
•
•
•
•
•
•
•
•

Multimeter measurements on resistive circuits.
Simulation of dc resistive circuits.
Nodal Analysis.
Thevenin Equivalent Circuits.
Digital Oscilloscope Familiarity.
Measurement of Transient Signals.
ac Magnitude and Phase.
Frequency Response to Passive filters.
Introduction to LabVIEW.

When students logged into the remote lab website, they signed up to a time slot. The first
familiarization remote lab introduced them to the fundamentals of current and voltage
measurements by allowing them to adjust voltages of the power supply and the ranges of
the multimeter. They were also familiarized with electronic components such as resistors,
capacitors and inductances by viewing photos.
At the conclusion of the labs, a survey was done of two groups: the first cohort online
working from a remote site (12 students) and the second cohort (nine students) doing the
lab online whilst attending face-to-face lectures. There were 199 students in the regular
class with cohort 2. It was found that the cohort 2 group were more positive about the
labs measured in terms of "motivated to learn" based on a Keller instrument which
measures relevance, attention, satisfaction and confidence. For the second cohort, their
lab grade results as compared to the 199 students in the regular class were similar.
It should be noted that those involved in cohort 1 were working people whilst cohort 2
comprised students who were volunteers. Perhaps the difference is that the mature age
working adults found the remote labs somewhat detached from their experience.
MIT's iLab with National Instrument's ELVIS
The iLab project at MIT was initiated in 1998 by Prof. Jesus del Alamo as a way of
making his theoretical microelectronics lectures more practically oriented.55 The iLab
project has since become an open set of remote labs (referred to as the iLab Shared
Architecture released in 2004) and has been adopted by many universities throughout the
world.
The iLab Shared Architecture (ISA) is a three-tiered architecture comprising lab client, a
service broker and a lab server. Students log into the service broker (located on their
campus) and then launch their iLab clients. The lab server is connected to the lab
equipment and translates experiment specific requests into instrument specific commands
and returns experimental data to the lab client. The iLab architecture uses web services
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for communication between the lab client, service broker and lab server. XML encoding
is used between the lab client and server.
A complimentary low-cost approach is to supplement the iLab with the Educational
Laboratory Virtual Instrumentation Suite (ELVIS) from National Instruments which
provided a basic function generator, an arbitrary waveform generator, variable and fixed
power supplies, digital and analog I/O and oscilloscope with LabVIEW for less than
$3,000. A further new dimension to the lab was created, by adding in computer controlled
switching, thus allowing for components to be added in or taken out of the circuit
remotely. The resultant ELVIS iLab together with the Microelectronic's Device
Characterization iLab and Dynamic Signal Analyzer iLab enabled students to perform dc,
time domain and frequency domain measurements in MIT's introductory circuits and
electronics course.
In 2008, the ELVIS iLab was packaged into a coherent offering, dubbed ESyst Analog
Systems iLab, and made available more widely. In a partnership with MIT and three
African universities (Obafemi Awolowo University in Nigeria, University of Dar-esSalaam in Tanzania and Makerere University in Uganda), the ESyst was used widely and
hosted on these campuses. There have been a number of lessons learned from these
experiences.
These types of remote labs are appropriate for students who can create meaning from the
fairly abstract. However, the typical audience mainly comprising part-time students, is
one who would probably benefit from a less abstract experience. Hence it is important to
make the lab as concrete as possible with videos and audio streaming. There was also a
need for more instructor and resource support for these labs. Finally, one of the ongoing
challenges in Africa has been the urgent need to improve retention of faculty trained in
these technologies.
ELVIS v4.0 iLab
The ELVIS v4.0 iLab, now supports digital logic together with dc and component
measurements through the digital multimeter.56 The Digital Multimeter module allows
users to take a wide variety of simple point-to-point measurements. The user specifies the
points in the circuit where the multimeter probes should be placed with the type of
measurement (current or voltage). The lab server then drives the appropriate switches
connecting to the circuit under test to produce the measurement.
Remote Robotic Lab
A useful lab based on the widely available Khepera robot helped provide skills in
programming in this rapidly growing field.57 The Khepera robot being programmed is
tiny with a diameter of 55mm and height of 30mm and affordable with prices quoted up
to $2,000. Its motion is provided by two dc motors with encoders. It is programmed with
GNU C. The stable and widely available open source software, Apache server,
communicates to the robot wirelessly. A webcam provides a view of the activity of the
robot.
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Three methods of training for programming of robots were noted. These included the
direct action level for an introductory course with basic instructions such as “advance” or
“turn”. The second level is the configuration level where the program has built in
parameters that can be altered. The third level–the operational level–is where the student
applies advanced programming techniques either on a robot or its virtual simulated
model. This may include such modules as error management that deal with such issues as
deadlocks and preventing the system freezing, and in addition, provides feedback to the
student. The simulation module (In VRML, or Virtual Reality Modeling Language)
allows testing on the student’s program before being uploaded to the robot. Experiments
in remote programming and operation of the robot were conducted from Lebanon to the
computer server in France (which in turn was connected to the robot via a wireless link).
Mechatronics Remote Lab
A mechatronics remote lab (referred to as a Recolab or remote control lab) at the National
Changhua University of Education, Taiwan with 12 experiments was set up based on
sensors, actuator, PLC, conveyer belt and webcam.58 Different colored items were placed
in a storage area. A pneumatic cylinder places one of these pieces on a conveyer belt at a
time. When the item reaches the end of the conveyer belt, another pneumatic cylinder
transfers it to the tooling area. In the tooling area, one cylinder selects the red item and
another cylinder the black one. Some students who had initial difficulties with the
experiment had to be reminded to read the lab instructions and experiment before
commencing the experiment formally.
A comparison was made between a control and an experimental group of students who
used the Recolab. It was found that the students who undertook this lab as an additional
activity had significantly better grades. However, it would appear that this is not really a
fair comparison as it is reasonably logical to expect that students who did additional
focused work in the subject of interest would naturally do better.
Remote Lab and Take Home Kit
A comprehensive distance learning solution was provided with a series of remote labs for
programming a mobile robot in C++ and a PLC controllable Profibus module.59 In
addition, a mobile lab was provided to students where they could experiment from home.
This remote lab provided a connection to the home computer using a USB connection.
Remote Lab using a Stepping Motor to Make Changes
A remote lab was built up comprising LabVIEW server, data acquisition board (referred
to by National Instruments as ELVIS), passive electrical components and webcam.60 The
resistors, inductors and capacitors are selected using a stepping motor. The motor driver
runs the stepping motor based on control bits from the data acquisition board. There were
some problems with excessive errors in the testing due to the range in tolerances (10%) of
the electrical components.
A Remote Lab but With Remote Wiring
The Department of Electrical Engineering at the Blekinge Institute of Technology in
Sweden set up a remote lab project in 1999 to duplicate the traditional hands-on lab
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workbench for electrical experiments (e.g. for electronic op. amp experimentation)
referred to as a VISIR (Virtual Instrument Systems in Reality).61 This means that the labs
could be used in a traditional supervised lab class; in a supervised lab for distance
learning students or alternatively; when students want to work further on their traditional
experiments at home.
The VISIR platform has four components to it:62
•
•

•
•

An equipment server that comprises the lab equipment, PXI platform connected to
the relay switching matrix. The last two are controlled by a LabVIEW server.
A measurement server. This is a server written in Visual C++ and controls the
commands passed to the equipment server with a file containing the maximum
component values and instrument adjustments for a particular experiment.
Web Server. This hosts the VISIR web interface and is based on an Apache
Server with a MySQL database.
Web Interface written in PHP with the experiment written in Flash.

The student accesses the website through the secure protocol “https”, gets authenticated
and then designs her circuit. This is sent to the measurement server to be verified and
thence to the equipment server to be converted into a wired circuit, which is then
displayed to the student.
Although the VISIR has its own LMS, many other institutions are adapting this to their
own LMS.
There are four types of accounts: administrator (for lab organizer), teacher account (for
adding or removing experiments), student/instructor (linked to a specific course) and
guest for a limited trial account.
Unlike most other remote control labs, this one offered the opportunity to perform remote
wiring of circuits using a switching matrix with controllable electromechanical relays. All
the instruments are PXI-based (PCI eXtensions for Instrumentation), being PC-controlled
plug-in boards with a small front panel for connectors. Students remotely access a virtual
breadboard (being a photograph of an ordinary physical solderless one) using a mouse to
undertake the necessary connections. A software module (the Virtual Instructor) checks
that every circuit is safe before it is activated so that neither a component nor instrument
can be damaged. The required circuit and instrument set up are sent to the remote server
when the Perform Experiment button is clicked. If the workbench is not occupied by
another student, the experimental procedure is undertaken. Otherwise the request is
queued. The current time slice is extremely short–around 0.1 seconds to perform an
experiment.
This remote lab software is disseminated as open source software as part of the VISIR
(Virtual Instrument Systems in Reality) Open Platform project.
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Use of a Switching Matrix
A remote electronics lab was set up at Blekinge Institute of Technology in Sweden to be
based around not only resistors, capacitors and inductors but also active components such
as transistors and operational amplifiers.63
A controller and instruments was plugged into a National Instruments PXI chassis. The
client software was an ActiveX control embedded in an html page that could be
downloaded from the lab server. Netmeeting was used to communicate between
instructor and students. A switching matrix controlled by the digital I/O board was used
to connect different components. A virtual oscilloscope (based on the one from Agilent
Technologies) was used to view the waveforms. A virtual breadboard was used by the
students to wire up the different components. Students used a mouse to position each
component on the breadboard and the virtual wiring to connect the components
appropriately. Pattern recognition software matched the wiring on the breadboard with
the matrix pattern and produced a component list to describe the circuit constructed.
When the student was ready, the Perform Experiment icon was clicked and then the net
list is checked for safety and then voltage is applied and measurements are taken. The
server software was written in LabVIEW 7 and C++. The time period for any
measurement was typically 0.1 seconds.
Virtual, Remote and Inter-Campus Labs
A combination of three types of labs–inter-campus, virtual and remote–were used by the
University of Texas - Pan American and University of Texas at San Antonio, to
demonstrate dynamic systems modeling and control concepts and thus to enhance the
mechanical engineering courses at both of these universities:64 The goals of using three
varied labs were to improve the visualization processes, increase the level of participation
and collaboration between students in improved understanding of these complex
concepts. The inter-campus approach involved students on the one campus developing a
computer-based model using MATLAB and SIMULINK and the other campus’ students
performing the actual experiments. The results were compared and roles swapped for the
next experiment. The remote lab was accessed by individual students through a web page
using LabVIEW’s remote panels software. A MATLAB / SIMULINK-based simulation
was set up and a 3D animation was created using MSC VisualNastran 4D. Finally, a
virtual lab was developed using MSC VisualNastran 4D and accessed over the internet.
The virtual system provided both an animation of the simulated equipment, time and
frequency domain graphs. In a post-lab survey, almost 80% of the students believed that
the virtual system animations had improved their ability to visualize the physical
responses of the equipment.
Remote Lab for FPGA-Based Reconfigurable Systems Testing
A low-cost remote lab was developed at the Department of Electronics and Multimedia
Communications at the Technical University of Kosice, using a FPGA / PC Connected
test hardware and PC controlled logic analyzer, digital storage oscilloscope and vector
Signal Generator.65 Alternatively, all the standalone instruments could be replaced with a
data acquisition board and National Instruments' LabVIEW. One challenge with the
remote lab was the lack of precise parallel triggering using both Ethernet and USB buses.
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Mechanically Challenging Microelectronics Lab
Arguably, the mechanical challenges at the microelectronics level are considerably more
challenging than those for the electronic ones.66 This is best illustrated by the conversion
of a traditional microelectronics lab to a remote lab. Microelectronic fabrication labs are
expensive and teaching in this area is influenced by the availability of these resources.
Besides the usual advantages of sharing expensive equipment, remote microelectronic
labs have the additional advantage of reducing the risk of contamination by people
entering the facility and keeping inexperienced students away from dangerous chemicals
used in the fabrication process.
The School of Electrical and Information Engineering at the University of South
Australia owns a lab for microelectronic circuit fabrication and has converted this to use
as a remote lab as well. It was also noted that this lab has an advantage over other labs
using packaged integrated circuits in that they test their circuits directly on the silicon
wafer. This ensures the system is independent of the circuit design and does not require
any pre-wiring. The disadvantage is that the mechanical motorized probes have to be
accurate to access any point in the view of the microscope.
The remote engineering lab included:
•
•
•
•
•
•
•
•
•

A test station allowing for a digital interface.
Modified probes that could be digitally manipulated.
Microscope and camera with remote control of zoom and focus.
A camera that can coherently view the device-under-test.
Remotely controlled lighting.
A PXI unit that allowed for measuring the characteristics of the device under test
as well as a matrix switch unit to connect the PXI unit to the appropriate probes.
LabVIEW server providing the graphical interface for monitoring and control.
A database containing all user details.
A web server to interface the user to the database.

The main challenges with this remote lab were in achieving the accuracy of probe
manipulations to a 10 micrometer step size using a screw-bolt combination (with a
rotation step size of 4.5 degrees). The backlash for the thread was reduced by using a
spring to push the screw so as the contact between the nut and bolt is kept to one side.
The contamination sources were from the brushes in the control motors and thus
brushless dc motors were selected for all mechanical movements. Other problems with
brushes, which were also thus eliminated, were sparking and wear and tear.
Overall, the students were happy with the remote lab especially in being able to access
(and to repeat) the lab at their own time and location.
Comparison between Direct Execution and Remote Desktop
A remote lab for FPGA (Field Programmable Gate Array) was set up with seven stages of
which the design procedure encompassed stages 1 to 5 using Electronic Design
Automation Software and Stages 6 and 7 requiring access to the actual FPGA hardware.67
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A lab manager program was located at the remote lab and operated as a server and
executed the experiments. The client application accessed the remote lab through a VPN
tunnel.
Two alternative methods of access to the remote lab were in using direct execution or
remote desktop. The first approach was in using a direct execution method that required
the student to write the program on her home PC and then to upload the file to the remote
lab manager (at the remote lab) and download this binary file to the FPGA kit. The
second approach was to use the Microsoft Windows remote desktop method where the
student did all the programming activity using the Remote Desktop software and then
downloaded the file to the FPGA kit.
In comparison to the Remote Desktop method, the direct execution approach was found
to be faster, allowing for more than one user access (compared to only one for remote
desktop), to have a higher level of security and to use a lower level of resources
(including bandwidth).
Movement from Remote Labs to a More Individualized Model
It was suggested that due to the increasing use of cloud computing, inexpensive labs can
be located with each learner (as opposed to a centralized remote lab), but can also be
accessed by the instructor and other students.68
A proposed Lab@Home was demonstrated comprising the cloud and the distributed
personalized user lab areas. The open source software used (virtually in the cloud) was
called BigBlueButton allowing for application sharing, whiteboard, private or public chat
rooms, audio and videoconferencing and uploading and presenting documents. Dropbox
software provided storing and sharing files between the different students as well as the
instructor–all located remotely from each other (with file versioning to minimize
confusion).
This system was applied to an experiment performing the calculation of the transfer
function for a second order circuit in a Basic Linear Control systems course. Each of the
two sites used a different kit: The first site had a Digilent Electronics Explorer kit
including oscilloscope, waveform generator, power supply, voltmeter, breadboard and
reference voltage generator where digital signals could be configured with a pattern
generator and a logic analyzer. The other site used a CircuitGear kit including similar
facilities. All data generated were stored by all participants.
Popular LabVIEW has a few Challenges
One of the most popular software packages used for labs is LabVIEW as it is quick and
easy to configure and has varied data acquisition and control boards to interface to.69 The
runtime engine (which runs on the remote computer) does have a few problems as it
requires administrator privileges and this restricts its flexibility on operating on any
computer. Updates to LabVIEW on the lab equipment computer can cause
incompatibility problems on the client computers. National Instruments have introduced a
solution using RESTful web services (Representational State Transfer) which provides a
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lightweight protocol accessible by a variety of clients but there are still some challenges
here with multiple experiments and multiple users with multiple resources.
A suggested solution for a remote nanobeam lab at the University of Houston was to use
JavaScript and XHR on the client, TCP Sockets between client and web server, WSGI
and REST on the web server and TCP Sockets between the web server and experiment
server (which was running LabVIEW).
LabVIEW has some reported challenges with remote access over the internet, specifically
with the size of the runtime engine (currently over 200Mbytes), no backward
compatibility with different revisions and often administrator rights required before
installation on a given machine. A possible solution is to the use RESTful
(Representational State Transfer) web services where JavaScript can be used.70
An experiment was set up at the University of Houston based around the Carbon
Nanofiber Beam Experiment. This used carbon nanocomposite paper with ferromagnetic
properties (due to nickel particles) coated with a clear silicone gel. This piece of paper
was located between two coils that generated a magnetic field and thus displaced the
paper depending on the current strength in each coil. The displacement was measured
with a laser displacement sensor.
A number of technologies were employed to ensure only a browser was required to view
the remote experiment (running using LabVIEW) without any software downloaded to
the client.
The client was built using JavaScript, JavaScript Object Notation (a lightweight datainterchange format) and Ext JS for building interactive web applications (such as scalable
charts).
The client interfaced to the Web Server using Web Services Gateway Interface (WSGI)
rather than the slower Common Gateway Interface (CGI). REST provided a means of the
server handling data from the client using GET, POST (particularly this method
requesting an update to the experimental data), PUT and DELETE.
The experiment was set up using LabVIEW, which parsed the relevant data from the
experiment into an array that was dispatched through a TCP socket to the MySQL
database on the web server. A webcam view of the experiment was also dispatched to the
web server.
Mobile Studio IOBoardTM
Morgan State University used the Mobile Studio IOBoardTM (from Rensselaer
Polytechnic Institute) to redesign their lab courses for two courses: Electric Circuits and
Introduction to Electrical Laboratory to make them totally online.71 The Mobile Studio
IOBoardTM provides a comprehensive online electrical circuits lab which the students can
work on at home. The Panopto Focus software was used to record a synchronized version
of the text, audio and video from the daily lectures; thus allowing students to watch the
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streamed versions of the classes. Adobe Connect web and videoconferencing software
was used for the students to demonstrate their labs and projects to their instructors at an
agreed time without being physically present on the campus.
One of the major challenges was the difficulty for students in completing the labs on their
own due to their lack of familiarity with the Mobile Studio IOBoardsTM. The online
students had less time in which to undertake their course resulting in fewer labs
undertaken and lower grades (as compared to the regular courses).
FPGA-Based Remote Labs
At the Abafemi Awolowo University in Nigeria, there was a significant shortage of
digital electronics labs; particularly for Field Programmable Gate Arrays (FPGAs) as for
the Altera DE1 board; and a remote lab was constructed for this using the MIT iLab
batched architecture.72 The iLab architecture allowed for three different types of
experiments:
•
•
•

Batched experiments where the experiment is totally specified before it
commences.
Interactive experiments where there is ongoing (hopefully) real-time interaction as
the experiment progresses.
Sensor experiments where the experiment is only observed with no control taking
place.

The ADLab was developed using the batched approach with three components:
•
•
•

The lab client running within the web browser.
The Service broker providing authentication, authorization and administrative
functionality (to the lab client) and storing the results of the experiment.
The Lab server executing the experiment.
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Figure 10.3: Batch Architecture Based around MIT iLabs
One challenge in viewing the experiment (such as the LEDs and other input/output
options) was the relatively low bandwidth at the university for streaming (64kbps for
each video stream to each client). A video streaming service such as MOGULUS was
thus used and the script embedded into the client.
The students could create a VDHL listing and thus synthesize digital circuits on the
FPGA. All signals and measurements are carried out through a NI data acquisition card.
Two types of results are available: a webcam view of the output of the LEDs from the
board and a detailed VHDL analysis and synthesis report together with measurements of
the FPGA pins.
There were mixed reviews to the lab from a small sample of students.
Microelectronic Lab in Montpellier
The test resource center (CRTC) of the National Committee in Microelectronic Teaching
(CNFM) located in Montpellier, France brought together different French universities and
research institutions in the study of microelectronic technology.73 A new test system
based on the Verigy pin scale test platform was shared between the different universities
in Europe with remote access. The instructor and equipment were physically located in
Montpellier but the classroom was located remotely using VNC to access the system.
Voice over IP was used to communicate. The instructor could follow the progress of the
students and help them remotely.
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Boiler Control System Remote Lab
A remote lab was constructed from a small boiler control system with water level and
temperature being the controlled variables.74 Three communication standards were used
to interface to the instruments, control gear and SCADA system: DeviceNet, Profibus DP
and Modbus/TCP Industrial Ethernet. A webcam connected directly on the internet with
Pan/Tilt/Zoom was used for remote monitoring.

Figure 10.4: Boiler Control System Remote Lab
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The major problems encountered were difficulty accessing the campus network (on
which the remote lab was situated), difficulty in accessing the SCADA node through
certain ports that could only be opened at the server and firewall problems. Finally, the
transmission delays (up to 15 seconds for the SCADA node) from external sites in other
countries made the lab difficult to operate. It was also considered vital that only one user
at any one time could manage the control and instrumentation to ensure a coherent
experience.
Remote Workbenches for 80C51-based Courses
The Faculty of Engineering at the University of Porto, Portugal put together an 80C51 lab
with three components: A Moodle LMS hosting the learning resources, the lab server and
the workbench comprising a National Instruments ELVIS workstation and general
purpose 80C51 microcontroller board.75 The ELVIS platform had all the required
instruments as well as digital inputs/outputs to control the microcontroller board (reset
CPU, emulate input keys/local switches). A webcam provided live feedback of the seven
LEDs emulating the seven dots of an electronic dice. The students commenced their work
offline using a simulator to validate their code. This was then uploaded to the remote
hardware lab and tested collaboratively using the video stream of the hardware, text chat
and videoconferencing room. The University of South Australia set up a similar remote
lab using a different microcontroller and with keyboard and LCD display for more
complex programming tasks. Interaction with the hardware occurs via a virtual keyboard
and virtual button.
A few conclusions from this research were:
•
•
•

The remote workbench does not have to be the same as the real face-to-face lab
environment but should exploit the flexibility in the remote lab environment.
Synergies between the simulation (virtual lab) and remote lab environment should
be leveraged to give greater educational advantages.
Although remote labs can provide a deluge of GUI, video and audio information
for the average experimenter, care should be taken to avoid irritating disabled
students who may not be able to access these additional streams of information.

Proposed Remote Telecommunications Lab
It was proposed that a remote telecommunications lab where students could log in,
generate their own AM/FM/BPSK signals, set up a bandwidth limited signal and do a
spectrum analysis using a (RF) switch matrix for control of the hardware switching
sequences.76 The remote lab was to be built around a National Instruments ELVIS (with
LabVIEW and data acquisition board) together with a telecommunications training board
(DATEx) from Emona Instruments and a RF switch matrix.
Microelectronics Remote Lab
A series of microelectronics remote labs were built by the University of Bordeaux,
France covering such topics as RC and RLC circuits, feedback and differential amplifiers,
and linear op amps.77 A set of Cyberchips was designed based on BiCMOS technology
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with up to 75 different measurement configurations. A switching matrix was constructed
to switch the various electronic circuits. Third-year engineering undergraduate students
have been using it every year (since 2002) for experiments such as measurement of MOS
capacitance, differential pair amplifier and feedback amplifier experiments. These
experiments have been used live during lectures thus giving more realism. When clicking
on the experiment, a pop-up window is created that provides a simplified interface to set
start and stop frequency values, dc bias and input voltage signal level. After clicking on
“Go”, the results of the measurements are shown, and then these can then be saved in a
spreadsheet for further analysis.
A Machine Vision Lab
A machine vision course was created at the University of Georgia, Biological and
Agricultural Engineering Department.78 The lab component was considered a major
component of the course but access to the scarce lab resources was only available during
normal working hours. Hence, a remote lab was set up with two PC-based machine vision
workstations and a web/FTP server PC; using VNC for remote sharing and Microsoft’s
Netmeeting for video and audio. The associated lab equipment comprised frame grabbers,
data acquisition and a motion control card and a spectrometer. The VNC software was
used for remote administration of the machines.
The process is for the student to log onto the lab website where an Active-X control will
activate the NetMeeting software on the student’s machine to call the remote lab. The
student is provided with the X, Y positions to be used to move each test sample to the
appropriate position. The entire system is reset to the OFF state after a time period of 20
minutes elapses without any activity. Incredibly, a 56K modem connection was used to
conduct the experiment.
The 15 students enrolled (in 2002) indicated satisfaction with the course, although there
were some problems with sluggish workstations requiring regular restarts of computers
(and remotely via VNC on weekends).
A High Voltage Remote Lab
A remote lab was built around a traditional high voltage lab (commissioned in 2009) at
the National Institute of Technology, Durgapur, India.79 This was used for impulse
voltage testing and evaluation of results; thus supporting theoretical grasp of the topic.
The setup of a fully equipped high voltage lab can be extraordinarily expensive and the
remote access can widen the participation to a far wider community.
The lab comprised an 800kV, 40kJ Marx generator, a 100 kV rated rectifier, an 800kV
rated divider and the test sample (a typical example being a 33kV insulator). A Windowsbased server, data acquisition card, automation module and digital storage oscilloscope
coupled with webcam and Data Acquisition / SCADA package completed the system.
A typical lab comprised a 33kV rated post insulator and impulse voltages ranging from
82.3kV to 273.4 kV were observed. This remote lab was one of the first of its type in the
world for high voltage engineering.
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Remote and Virtual Labs for Robotics and Machine Vision
A combination virtual and remote lab was set up at the University of Alicante for robotics
and machine vision.80 The ROBOLAB-2 software program was developed around Sun’s
Java3D API to simulate the operation of a real robot and to teleoperate a remote (a
Scorbot ER-IX) robotic arm. Once the student has successfully executed the simulation,
she can then request the web server to execute movement sequences with the real robotic
arm. Verification of the correct movement is through a video stream showing the
execution of the movement sequence. Alternatively, the simulation software replicates
the movement based on feedback from the real robotic arm’s joints.
The essentials of machine vision are learned through the VISUAL package allowing
students to specify a combination of algorithms using a graphical method of combining
the individual modules (referred to as Objects for Image Processing or OPI). The inputs
of an OPI are the original images and the output is the processed image. New OPIs can be
written and added to the existing suite of modules for VISUAL.
Overall, 80% of the students indicated satisfaction with ROBOLAB and VISUAL. One
feature being worked on is to provide real time virtual collaboration with other students
and remote instructing support.
An Image Processing Remote Lab
A remote image processing lab was created to allow students at the Carinthia University
of Applied Sciences to experiment with zooming and focusing of images.81 The key part
of the lab exercise was for the students to develop an auto focus algorithm. This
algorithm was written within the LabVIEW development environment (using the Vision
Development Module libraries for image processing and analysis).
The visual presenter used a third progressive scan CCD to acquire the image and an
analog RGB-output to communicate with the PC. A RS-232 port was used to control the
main functions such as zoom, focus and to switch through different lighting
arrangements. A NI image processing card on the computer digitized the images.
The visual presenter could be controlled remotely using LabVIEW in conjunction with
the iLab remote lab architecture.
The front panel (with buttons) is created within LabVIEW and is then published to the
web for others to access the lab remotely. The student can then control the different
actions of the lab. By simply pushing the appropriate button on the front panel, the code
written by the student will be executed and the results can be observed within the web
browser. A Stop Autofocus button was implemented for when the algorithm is working
incorrectly and needs to be terminated.
NI ELVIS with Engineering Labs
A remote lab was constructed with two NI ELVIS devices connected to a PC on which
the LabVIEW application software ran and which also acted as the main server for
remote access to the experiments.82 The popular instruments are all available in software:
digital multimeter, function generator, oscilloscope and spectrum analyzer. A webcam
was also placed at a high vantage point so that the experiment could be viewed. Five
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experiments were set up comprising measuring dc motor parameters, PID control of dc
motor, temperature measurements (light bulb heating up temperature sensor), light source
and phototransistor (examining the distance from the light source and phototransistors
output) and a traffic light system.
Remote Lab using Stepper Motors to Control Circuit Parameters
The lab was constructed using LabVIEW providing remote access to an experiment
comparing theoretical to experimental values for a range of resistor/inductor/capacitance
values.83 The NI ELVIS data acquisition system was used together with a CCD camera.
The data acquisition board sent the necessary control signal (8-bit) to one of twenty-one
motors (using a further 5-bit control signal). In addition, the data acquisition board had a
digital multimeter for reading the required voltage signal. The various circuit
configurations are built around nine resistors (10 Ω to 10 kΩ), an inductor (0 mH to
99mH) and a capacitor (100pF to 999nF).
A graphical user interface comprised the following sections:
•
•
•
•

A view of the experiment with the camera.
A graphic of the circuit being constructed.
Circuit construction section.
Data display section.

One disadvantage with this approach was the large error encountered in the comparison
between theoretical and experimental values (up to 35% in the one case). This issue was
being addressed in the next iteration of the lab.
Remote Labs at Florida Atlantic University
Two remote labs constructed at Florida Atlantic University included an active element
transistor characterization experiment based around a microcontroller/data acquisition
and web server chip.84 The student adjusted the transistor’s base current and applied a
voltage sweep function on the collector. The voltages/currents were then read by the
microcontroller and saved in an Excel spreadsheet for later review.
A second lab was to determine static and kinetic friction of a block on a changeable
inclination plane (controlled by a stepper motor). The angle of the incline was measured
by a remote camera and protractor. A second stepper motor was attached to the block via
a thread with a force sensor. The static friction coefficient was calculated by increasing
the angle of the plane until the block slid down. The kinetic friction coefficient was
calculated by pulling the block up the plane at a constant speed.
Remote Labs based on CAN Bus
CAN is a well known serial data communications protocol for industrial applications and
was successfully used at Suleyman Demirel University in Turkey for a series of remote
labs.85 Two experiments on CAN Bus nodes for measurement of diode and transistor
characteristics, were connected via CAN BUS to a server computer (using a PCI card).
Each experimental node had a microcontroller providing analog output values for the
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experiment and analog inputs to measure the outputs from the experiment. LabVIEW on
the server published the CAN-based interface allowing for easy access by remote users
on the internet. The user interface comprised three sections: configuration, send data and
receive data from the experiment. Up to 112 CAN nodes were possible.
Remote Labs based around a FPGA
At the University of Patras in Greece, Department of Electrical and Computer
Engineering, a series of remote labs (referred to as RMCLab or Remote Monitored and
Controlled Laboratory) were implemented based on the usual client-server architecture.86
This comprised student client, instructor client, application server and resource server.
All clients are required to interface to the resource server (connected to the lab
equipment) through the application server. This approach enables many application
servers to access components shared by the resource servers.
The resource server is connected to an oscilloscope (through GPIB interface) and the
function generator (through RS-232). The resource server is also connected through a
low-cost printer bus to an Altera FPGA and associated components for the online
implementation of the experimental circuits required for a particular session.
The RMCLab supported classes of 300 students in two core courses: Analog and Digital
Electronics. Analog experiments included two-stage feedback amplifiers, cascade /
folded-cascade amplifiers, whilst digital experiments focused on counters, adders and
accumulators. Students were grouped in teams of three or four to undertake the
experiments. In the 2004/5 period, the remote labs were used extensively by 74 active
teams working over 383 hours with approximately 3 hours per experiment.
Remote Lab for Frequency Modulation Experiments
The aim of the experiment was to examine the frequency spectra of frequency modulated
signals at the National University of Singapore (NUS).87 The lab equipment comprised a
spectrum analyzer, a signal generator, a frequency counter, a voltmeter and a circuit
board. The rationale of the remote lab was to provide a hands-on experiment for the few
hundred students who previously had been deprived of working with this expensive
equipment in a dedicated fashion. The various points of the circuit had to be connected
together remotely with leads, thus giving a hands-on approach.
A PC with an Ethernet card connecting to the NUS network was the main lab controller
device with GPIB and a data acquisition card. This used LabVIEW software to provide
the necessary control and data acquisition. A Java Applet embedded in HTML files was
downloaded onto the student client computer. A web browser supporting Java was all that
was necessary for undertaking the experiments. The student client then interfaced to the
Web Server using TCP sockets. The web server then acted as a client to the Lab
Controller computer (thus creating a double client-server structure). This architecture was
created for security reasons.
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Remote Lab for Control of a Helicopter
The control plant comprised a 2-degrees of freedom helicopter consisting of a model
mounted on a fixed base with two propellers driven by dc motors at the two ends of the
rectangular frame.88 The coupling between the pitch and yaw motor torques resulted in a
coupled 2-input / 2-output system. The electrical signals to the helicopter motors were fed
through slip rings. This configuration allowed for four different controller interfaces to be
investigated: PID Control, decoupled PID Control, general state space control and fuzzy
logic control.
The architecture comprised a student client computer connected to a web-server over the
internet. This was then connected to the local instrument controller PC that connected to
the helicopter rig though a data acquisition card thus providing the analog output voltages
to the two dc motors. In addition, to provide a stronger feeling of reality, an additional PC
has Microsoft Netmeeting providing video and audio feedback to the student.
This lab was available 24/7 and was used as a component of the homework assignments
providing considerable flexibility for part-time students from industry who were unable
to access any experiments after hours due to the security concerns.
Telecommunications Remote Labs
A set of remote labs was created at the University of Transylvania in Romania based
around experiments on Analog Modulation (Amplitude Modulation, Frequency
Modulation and Double Sideband Modulation), Digital Modulation (Amplitude Shift
Keying and Frequency Shift Keying) as well as Pulse Modulation (Pulse Amplitude
Modulation, Pulse Position Modulation and Pulse Width Modulation).89
An Emona DATEx module was interconnected with an Agilent switch (8x4 matrix) and
PC running LabVIEW for undertaking the abovementioned labs. The Emona DATEx is
connected with the NI ELVIS platform and LabVIEW with all buttons and switches of
the Emona hardware remotely controlled through LabVIEW. The other choice is to
operate in local manual mode where the switches and buttons are adjusted by hand. The
Emona DATEx module comprises such working blocks as an Adder, Function Generator,
master Signal and Multiplier.
As there is a huge amount of information to present to the student, a normal lab structure
is broken up into six windows:
•
•
•
•
•
•

Objectives: Goal of the lab.
Introduction: General aspects of modulation.
Math part: A description of signal wave shapes and their mathematical parts.
Questions: A short quiz that the student has to undertake before commencing the
lab.
Instruments used: A description of the equipment used.
Lab Description: A description of how to apply the equipment in the lab.
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Five Remote Labs
Five remote labs covering coupled tank, oscilloscope, frequency modulation, helicopter
control and robotic soccer were created at the National University of Singapore.90
Discussions on the labs have been canvassed elsewhere but here is a quick summary of
the key elements.
The oscilloscope has a high level of realism with real-time video capture of an actual
oscilloscope display provided on the user interface. In the coupled tank experiment,
LabVIEW is used together with Microsoft Netmeeting and a camera and microphone to
provide visual (and audio) feedback of the actual movement of water in the tanks. The
camera had remote controllable pan, tilt and zoom.
The first lab was launched in 1999 for over 1,000 engineering students in the NUS and
has been used for over 2500 unique experiments. The coupled tank experiment has been
used 5,000 times whilst the frequency modulation one has been run 4,000 times. The ease
of only having to use a Java-enabled web browser makes the whole process seamless for
the student.
Microcontroller-based Remote Lab
The rather critical comment is made that most new remote labs are not as professional as
they should be.91 This assertion is backed up by the fact that very few universities have
adopted other university’s remote lab technologies and there is no evidence of
commercial development of remote labs (apart from possibly National Instruments). It
was further pointed out that in the research and development on remote labs, crucial
hardware aspects such as frequency and accuracy are neglected in favor of issues related
to actually establishing the remote lab infrastructure (security/cross platform etc.) rather
than the real lab equipment. The hardware and software components are normally
inextricably tied together thus making it difficult to move a remote lab to another LMS
platform without making major changes. The software is generally not user-friendly for
instructors (e.g. to install or configure).
At the University of Deusto a simple microcontroller-based weblab was built to address
these concerns. This was based around a PIC18F97J60 microcontroller for the student to
build the project. It could be programmed through the USB ports of the server. In
addition, there was an output board comprising two alphanumeric LCDs, 8 LEDs, two
seven-segment displays and a servo (allowing PWM experimentation). An input board
based on a PIC18F97J60 received from an interactive web page instructions to set/reset
digital and analog inputs and data through the UART port. A webcam (with motorized
pan/tilt controls) monitored the output board activity. Finally, an Intel Atom-based
computer acted as the server. The student created a binary file in her preferred
development environment, and then connected to the remote lab, sent the relevant file to
the experimental PIC microcontroller using the TFTP protocol. After the PIC was
programmed, the interactive web page was automatically opened allowing the user to test
the operation of the program. After 60 seconds, the student was then passed to the end of
the queue of users.
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This structure allowed for a remote lab to achieve three characteristics: a reliable,
professional and stable item of kit, adaptable to different types of educational
requirements and finally, extensible to different labs without too much modification.
European Remote Radio Laboratory Based in Turkey
A remote lab has been constructed at Atilim University with three hardware modules
comprising:
•
•
•

A Vector Network Analyzer.
A waveform generator/spectrum analyzer and oscilloscope (for time and spectral
domain signal analysis).
A non-linear amplifier, combiner, signal generator, attenuator and spectrum
analyzer (for intermodulation distortion measurement).92

12 experiments were constructed from various combinations (using switches to make
dynamic connections for a particular experiment) of these hardware components ranging
from measurement of scattering parameters, spectrum analysis to radio frequency
amplifier measurements and analysis of antennas.
The main components of the remote lab comprised:
•

•
•
•
•

A Learning Management System (Moodle) to provide authentication and access
rights for students as well as the usual facilities such as assignments, exercises
and course details.
An Electronic Performance Support System providing access to assistance in
performing the experiments.
PCs connected to data acquisition boards and the web server providing access to
each experiment.
Experimental equipment.
Database Management System for storage of all experimental data.

The labs have been focused on three groups: students, engineers and technicians.
A concluding comment from the authors is that they would invest more effort in
improving the graphical user interface as well as adding in some basic electronics
subjects.
VHDL Programming Course
This course was offered to third-year students undertaking the Electronics and Control
Engineering degree.93 The course was based around the VHDL-VHSIC hardware
description language for field-programmable gate arrays and integrated circuits, and
complex programmable logic devices. The University of Deusto has set up an open
source remote lab based on AJAX and web services.
The student wrote the VHDL code, performed a simulation on it to confirm it worked and
then downloaded a binary file to the remote lab. Externally, the remote lab board has 10
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switches, 4 buttons, 1 clock, 6 LEDs and 4 seven segments. The design is tested by
viewing the results through a webcam. When the program is running correctly, the result
is recorded on video. The final program and video was then uploaded to the Moodle
LMS.
Remote Labs Demonstrating First and Second Order Response Control Systems
Two remote labs were built at the Universities of Jordan and Philadelphia using
LabVIEW, associated data acquisition card and NI Elvis software with a USB-based
camera.94 The first remote lab was a simple RC (100kΩ resistor and 1 µF capacitor)
electrical network showing the first order response as well as phase shift and attenuation.
The second lab was innovative and was based on a compound pendulum with a motorpropeller fixed to one end that provided a thrust force to control the angle of the
pendulum. A shaft encoder was used to provide angular feedback. Thus, open and closed
loop responses could be demonstrated and optimal tuning of the PID Controller could be
tested.
Electronic Performance Support System for European Remote Radio Laboratory
It is challenging to pre-suppose the precise learning path a learner will follow in
proceeding through an experiment.95 An electronic performance support system (EPSS) is
a good solution for helping a learner grasp the essentials of what is required especially for
those who want to study in a non-linear way. This provides immediate personalized
guidance to any queries that may arise during the experiment. An EPSS was set up for a
remote lab for Vector Network Analysis equipment. The learner merely clicks on a link
and is provided with more detail. Alternatively, use of a search facility provides access to
documents, videos, audio and support software.
A Remote Testing Project
In 2008/9, software engineering students at the University of Wisconsin-Platteville
developed a tool allowing for remote testing of real-time embedded systems.96 This
allows for testing to be performed from the home site resulting in significant savings in
terms of travel and labor. This formed part of a large project that the entire class worked
on over two semesters for a local software house. The test tool was broken down into
three components: an administrative website, hardware server (connected to the actual
test equipment) and testing client (which access the hardware server). The embedded
system comprised a PIC 16F877A microcontroller. A National Instruments data
acquisition board with Analog and digital I/O was used as the controller of the test
microcontroller and worked in conjunction with a Microchip MPLAB
programmer/debugger. Both were connected to the hardware server through the USB
ports. A webcam completed the testing equipment. Overall, despite initial poor definition
of the initial requirements, the project was completed successfully.
10.5

Mechanical and Manufacturing Engineering

Industry Collaboration with an Internationally-based Remote HVAC Lab Project
A novel approach to remote labs involved developing an improved Heating Ventilating,
Airconditioning (HVAC) product for a company (MicroMetl Corporation) by
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collaborative work between the mechanical engineering department of Purdue University
and the HVAC Engineering School in Lucerne, Switzerland.97 The language differences
(German in Switzerland vs. English in the USA) were ameliorated somewhat by focusing
the collaboration on the remote labs. Most controls in modern HVAC systems located in
modern commercial buildings are web-based (and thus easily fit into the remote lab
schema). Initially, the sophisticated HVAC labs at HTA Lucerne were used in the
preliminary investigations. Students initially collected data on heat recovery effectiveness
at varying air flow rates and using the seasonal weather data in a given location, were
able to calculate the economic payback in installing heat recovery technology. A new
project was started on integrating the MicroMetl heat recovery equipment with the
Carrier air handling equipment. The Purdue students project managed the HVAC
equipment (including sensors and a web-based HVAC control platform) installation and
commissioning at their university in the USA. The Swiss contingent then had to assess
the effectiveness of this new equipment. The ability to conduct energy efficiency tests
remotely using the web-based interface was a key to the success of the collaboration, as
there were delays in commissioning the Purdue University equipment. A useful approach
was the blog site used to communicate each team’s efforts. The international standards
used were also a benefit in making the students’ understanding and design more
internationally-based.
Microelectromechanical System (MEMS) Laboratory
During a Materials Science course, students cover the electrical and thermal properties of
materials. An experiment at Texas Christian University was devised to determine, “the
in-plane tip deflection vs. power characteristics of a MEMS electrothermal actuator”.98
Many items of sophisticated equipment were used in this lab such as a microprobe
station, microprobes, a microscope, video camera, VCR and TV monitor, a National
Instruments (NI) data acquisition and image processing board together with associated
software. The remote lab can be accessed by any computer with a web browser and the
free LabVIEW run-time engine installed. Access limiting is applied so that only one user
can access (and view) the experiment at a time for a limited time.
There were some difficulties in running the NI software on a MacIntosh operating
system and it was not possible to visually determine the displacement of the MEMS
device when power was supplied to it (against when it was in the rest position and
unpowered). The remote experiments were done in 2007 and 2008, with the students
working in small teams of three per lab session and in three lab sessions per year. It was
noted that the student’s interest was immediately piqued when they realized they were
working on a real system rather than a simulation. The success of this project is
considered a great catalyst for developing similar labs in the future.
Jet Thrust Laboratory
Rutgers University and the University of Illinois at Urbana-Champaign developed a joint
jet thrust laboratory for both to use.99 Some of the proposed advantages of this
collaboration in building remote labs included:
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•
•
•
•
•
•
•

Reduced per institution costs and space requirements.
Sharing each institution’s expertise.
Ability of experiments to be customized to each institution.
Supplementation of remote labs with multimedia pre-labs and detailed lab
explanations.
24/7 access to anytime, anywhere labs.
Safer labs.
Lab demonstrations run for K-12 school students and general public.

A useful set of requirements for experiments was drawn up:
•
•
•
•

The labs must have a high visual and graphical content so that they are clearly not
simulations.
A web browser is all that is required; no installation of specialized software is
required.
The experiments must be sufficiently complex so that an equivalent simulation is
essentially impossible.
The lab must provide everything from pre-lab, remote access and a post-lab with
minimal instructor support required.

There were three basic components to the lab:
•
•

•

A gatekeeper server allowing student access to the experiment, pre- and post- lab
materials and storage of experimental data.
The experimental apparatus comprising an air control system, the jet, traversing
pitot probe system, direct thrust measurement and the Schlieren system (for
observation of shock patterns).
The experimental server using VNC software allowing for viewing of the remote
desktop anywhere, LabVIEW data acquisition and control software, Filemaker
database program providing step-by-step lab instructions and controlling access,
and a camera streaming video server for showing the Schlieren images of the jet
shock waves.

The learning outcomes were assessed by comparing the grades of the laboratory reports
of students of the remote labs with those from the standard classroom labs. No statistical
differences were observed. The students who undertook the one-hour multimedia pre-lab
supervised sessions scored a significant 12% higher than those who performed the remote
lab experiments immediately. Possible solutions were to ensure students perform an
online quiz or undertake sufficient preparation time in the pre-lab materials before
commencing the labs.
Rapid Prototyping and Collaboration
The term rapid prototyping (RP) refers to the construction of physical objects using 3D
models and other associated fabrication technologies. A course on rapid prototyping was
offered by the College of Engineering of Tennessee Tech University (TTU) as part of the
Manufacturing and Industrial Technology major using the Desire2Learn (D2L) online
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course management software system.100 The lab component was restructured from a
classroom-based one to a fully online one. The students used the D2L software to access
the online course materials, participate in team discussions (presumably asynchronously)
and were able to prototype their parts through the remotely accessible rapid prototyping
lab. A campus student assistant helped facilitate the labs. The course had two major
components comprising CAD and Rapid Prototyping. Lab practices have been organized
using the schedule tool available with network cameras and audio to enable effective
communications between the geographically disparate teams. Each team comprised three
to five students. A trebuchet (essentially a catapult) was rapidly prototyped as an initial
example of the lab. The engineering design instructor sent three pictures and details of the
trebuchet to the teams. The teams then modeled the trebuchet using Pro/Engineering
Wildfire 2 software and prototyped the product using the remotely accessible Rapid
Prototyping lab. There were a few problems that the teams had to work through in the
rapid prototyping lab such as initially omitting to create a throwing pin (linking the stand
to the throwing arm) and then subsequently creating a pin that broke. They worked
through these issues to a successful conclusion.
The post course survey indicated that the students were relatively satisfied (the term used
most frequently was “somewhat agree”) with the team project and associated lab.
Mechatronics / Process Control Remote Laboratory (MPCRL)
In 2000, the Department of Mechanical Engineering at Polytechnic University in
Brooklyn, USA created a series of remote labs which covered a wide array of topics
ranging from aerospace, mechanical, electrical, civil and chemical engineering.101 These
labs were structured to help students access labs beyond the traditional three hours per
week and targeted both undergraduate, graduate and high school students with a reported
seventy odd individuals using the labs in their initial release. The MPCRL comprised a
website connecting students to the online experiments, detailed specifications and
operations manuals of each experiment, videos of a few of the experiments, live
streaming videos of each experiment (presumably while a student was engaged with it), a
chat window to interact with other students, email addresses of all teaching staff and
miscellaneous links to related websites. A wide range of sensors (e.g. potentiometer,
tachogenerator, float level, flow rates, pH probe, pressure) and actuators (e.g. servomotor,
servo valve, cone speaker, heat exchanger) were used.
Consideration had also been given to safety, based around hardware and software
approaches being designed into the system. Hardware safety encompassed devices that
restricted the range of operation for the equipment. This included the use of drainage
pipes to remove overflow, limit switches and passive damping elements. Software safety
limits were built into the Simulink software package by using saturation blocks and signal
filters.
A queuing system was built into the lab allowing only one person to work at a time, for
up to 10 minutes. Other users can observe the experiment.
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A student survey gave some positive comments such as connecting theoretical knowledge
to the real world and hands-on and troubleshooting interactions being considered
particularly useful. The criticisms were that the labs should be run in tandem with the
associated class and the fixed control architecture in the labs was considered restrictive.
Weblabs with ReLOAD (Real Labs Operated at Distance)
The application of remote labs aimed at a culturally diverse student cohort (such as
females and ethnic minorities) was undertaken by the University of Leeds and University
College London.102 This was for a series of mechanical engineering courses in vibration
and control investigating how various parameters such as input frequency and input
amplitude affected the performance of a position servo mechanism (for third year applied
mechanics and automatic control and a postgraduate delivered module). The actual lab
was based in the foyer of the Mechanical Engineering Department at the University of
Leeds. The students submitted their parameters to a web page and then at the conclusion
of the experiment received three individual graphs with an embedded video clip of the
experiment. The web lab was used as tool to reinforce the learning rather than a substitute
for the actual experiment.
The statistics and further observations revealed some interesting results:
•
•
•
•
•
•
•

Additional experiments were attempted outside those requested, thus broadening
the knowledge on this area of engineering.
The lab was accessed outside normal opening hours allowing greater flexibility.
The experiments were accessed by overseas students.
Students who struggled with concepts could repeat the experiments.
Mistakes made in the lab could be revisited and corrected.
Students who felt intimidated working in a group (e.g. a solitary female) could
repeat the experiments on their own.
Distance learning students now had an opportunity to undertake “hands-on” lab
work.

One challenge with this approach espoused above is the suggestion that the labs are only
used to, “reinforce an experiment” rather than replacing the traditional lab experiment
with a remote lab. For these labs to be effective in a distance learning setting it is ideal
that they are the only experimental experience the students will be exposed to, as the
students are unlikely to want to travel to a residential university to undertake the
experiment.
Collaboration with Remote Labs
A remotely accessible rapid prototyping lab was established (in 2006) for three
universities: Tennessee Tech University, Sam Houston State University and Murray State
University. Each remote team was able to view the lab located at Tennessee Tech
University, use a scheduling tool to track online their part submission and delivery,
observe the entire manufacturing process and receive the parts via the postal service.103
Courses at the various universities which used the tool included Product and Tooling
Design, Computer Aided Drafting and Engineering Graphics. Despite the lab being
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remotely located, the students learned about parts with tight resolution and precision
(with assembly problems), sturdiness of parts (due to making them too fragile with thin
walled components) and shrinkage and expansion. Feedback received from students
indicated a high level of satisfaction with the lab.
Remote Non-destructive Testing Lab and Course
Non-destructive testing is a powerful technique for confirming the specified quality of
structures and components.104 Drexel University’s Goodwin College of Professional
Studies set up a local and remote non-destructive testing (NDT) lab. The lab was created
as an adjunct to the NDT course for undergraduate Applied Engineering Technology
students. This lab and course introduced the students to ultrasound measurements where
they would learn about the characteristics of sound in different materials and how to work
with the related ultrasonic NDT equipment. Other objectives were to use ultrasonic
inspection systems for quality control analysis.
The traditional lab environment was extended to offering a video conference teaching
facility; thus allowing for remote students and those at other colleges to attend the course
and access the expensive equipment. A Polycom videoconferencing system was used
with a Sony camcorder for capture and recording of the experiments. UltraVNC software
allowed for control and data transfer from the portable ultrasonic flaw detectors and
camcorder. Thus, one could remotely control and change any setting of the Flaw
detectors such as calibration and evaluation of test objects. A lab assistant was still
required for initial set up of the videoconferencing system, the NDT equipment and
handling of the transducers. The calibration of the NDT equipment could be done
remotely. A review of feedback from the remote students still had to be conducted but it
appeared to be a workable way of conducting NDT education.
HVAC Remote Labs
The Department of Mechanical Engineering Technology at Purdue University provides
an Associate Degree at seven campuses in Indiana.105 The largest enrolment and greatest
collection of lab equipment was located at the one campus and there were insufficient
resources to duplicate the equipment at the other six campuses. The modern Building
Automation System (BAS) monitors hundreds of data points (such as pressure,
temperature, airflow, power, location of people etc.) and makes this information available
via Ethernet (and to the internet), thus allowing universal access and making a remote lab
easy to configure. This makes it easy to access this information remotely from a
networked computer.
Two small HVAC systems at Purdue University comprise a small-scale forced air system
and hydronic system (for heating and cooling). A web-based interface provides an
overview of all the equipment and sensor values. Four of the 13 ABET educational
objectives were achieved with these remote labs. The students were assessed with a preand post-lab experiment web-based tests. The overall post-lab scores were
disappointingly low and showed only a slight improvement (and in the one test, the posttest actually indicated that the remote labs actually had a negative result on student
learning!). Most students were supportive of the remote lab approach (90%) and
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appreciated the flexibility. In conclusion, it was felt that remote labs are a useful adjunct
but traditional labs are still required especially for teaching troubleshooting, teamwork
and safety concepts. Especially with remote labs, accessibility to lab instructors is critical.
Computer Integrated Manufacturing Labs
Two remote labs were built at Morehead State University for motion and process
control.106 The web-based motion control system was comprised of a PC with LabVIEW
software (which also publishes the control panel to the web), motion control card, stepper
drive, stepper motor and webcam. The velocity and acceleration of the motors can be
varied and a waveform graph provides a history of operation. A process control lab
comprised LabVIEW (which publishes the control panel to the web), a NI Fieldpoint
controller with I/O modules, three tanks, two pumps, five on / off valves, two modulating
valves, three temperature sensors, three level sensors, two pressure transmitters and a
flow rate transmitter.
The specific lab sessions that were undertaken included Introduction to Motion Control,
Programming Motion Control, Introduction to Process Control, Programming for Process
Control and remote measurements and design of an automatic manufacturing cell for
remote control and monitoring. Feedback from students was generally positive although
security concerns meant the labs were not available 100% of the time.
Remote Lab based on Vibrating Bridge Structure
An experiment based around a vibrating bridge structure using two types of smart
materials to control and dampen vibrations was designed.107 Typical demonstrations
possible were onset of resonance, effect of damping ratio on resonance, structural
vibration damping, the effect of system stiffness on resonance frequency and passive
vibration damping.
Both manual and computer control modes were provided. An operator could manually
adjust the stiffness and damping ratio by adjusting knobs. A Data Translation USB-based
data acquisition board acquired data (incl. temperature/current/accelerometers) and
provided control through three virtual knobs. LabVIEW displayed the readings on the
internet through the use of LabVIEW’s internet toolkit. Thus, this allowed for remotely
conducted experiments.
The lab was demonstrated in various courses such as earthquake engineering and
vibrations and control labs with most students rating it “effective” or “very effective”.
Real 3D Online Robotics Visualization
With only 2D feedback to the observer, online labs can be challenging due to the lack of
depth perception and limited visual information overloading the cognitive
understanding.108 The cognitive overload is increased when working with miniaturized
equipment and with no instructor present. One should bear in mind that with these
systems, a considerable amount of mental effort is required to convert the 2D images into
3D. At Drexel University, a 3D image was created for a robotics class, where the students
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used polarized glasses to view the 3D video that was projected onto a silver screen in the
classroom. Students believed that they had a considerably improved experience.
Vibration Lab
A low-cost vibration remote lab simulator was developed at the Queensland University of
Technology, Australia.109 This lab demonstrated basic vibration theory learned in the
class and provided for a series of experiments. These experimental results were compared
with theoretical results achieved using the MATLAB package.
The remote lab was based on test samples comprising a range of cantilevers of different
sizes and masses. Two webcams were used to give a realistic view of the lab. One
recorded the overall view of the lab and other the mode shapes of the cantilevers. The lab
was based around a vibration shaker controlled by a microcontroller (via a power
amplifier). The vibration transducer data (a piezo-electric accelerometer) was fed back
through the microcontroller as well. At low frequencies, the waveform is sampled and the
peak value determined. At frequencies higher than 20Hz, a hardware peak detector was
used, as the maximum sampling rate is 100Hz. A menu-driven system for the user was
based on Visual Basic. In response to commands from the PC, the microcontroller
instructed the signal generator to produce the required frequency at a specific amplitude.
Two tests were performed: A fixed frequency and a frequency sweep. The experimental
tasks performed by the students included (with resonant mode frequencies in brackets) a
short cantilever with a fixed frequency (19.2Hz), a long cantilever with fixed frequency
(4.6Hz), a long cantilever with fixed frequency (28.6Hz) and combined short and long
cantilevers with a sweep frequency test from 15Hz to 35Hz.
The students logged into the lab computer using the Remote Desktop Connection and
then had to activate the video cameras and shaker controller. The initial experiments with
the remote lab showed a tight correlation between the theoretical and experimental test
results. The initial group of students was satisfied with the lab and the idea was to expand
the use of this lab to a larger class environment.
Wind Tunnel Remote Lab
The lift and introduction to aerodynamics thermofluids experiment was conducted
remotely from the Rochester Institute of Technology (Rochester, New York) using a
Flotek Wind Tunnel in Ohio.110 The wind tunnel was upgraded with an airfoil stepper
motor controller and data acquisition board to read 16 channels from pressure sensors.
The performance of a cambered airfoil was examined at different wind velocities and
angles of attack using a motor controller. LabVIEW was used for the remote lab client
and server. An initial problem encountered was accessing the LabVIEW controls and
interface through the web page even though computer security settings had been adjusted.
This required downloading the LabVIEW executable file and manually installing it. An
irritating problem was in having two windows, one for the LabVIEW control and
monitoring and the second one for the video streaming. A better solution would have
been to have a dual monitor or having the streaming video and LabVIEW in one window.
The audio was very helpful in providing local ambience. It was suggested that key
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components of the remote lab should be available at the remote site to add realism to the
experiment (in this case two airfoils). A further suggestion was for the instructor to
demonstrate the lab and then provide review time once the students had completed their
experiments. Overall, the objectives of the experiment were achieved with the remote lab
providing an equivalent or better experience than local labs. Students were able to
understand losses and measurement error in comparison with their calculated theoretical
values.
Tensile Testing Remote Lab
Georgia Tech Regional Engineering Program (GTREP) put together a tensile testing
remote lab for obtaining stress-strain data from a sample of material.111 A lab technician
loaded the specimen onto the load frame, activated the webcam and positioned the load
cell and extensometer. LabVIEW was used for the remote lab server and client software.
The student would use MatLab to analyze the data. This lab could easily be extended to
torsional and fatigue testing. GTREP is a collaborative program between Georgia
Institute of Technology, Armstrong Atlantic State University, Savannah State University
and Georgia Southern University.
Measurement of the Speed of Sound
This lab was based around LabVIEW that provided the interface and allowed
measurement and control through VIs (Virtual Instruments).112 The student moved the
microphone to the smallest (reference) point from the loudspeaker. After initiating a
sound through the loudspeaker, a comparison on a LabVIEW oscilloscope window would
be made between output (loudspeaker) and input (microphone). The process was then
repeated for increasing distances. The room temperature would be observed and then the
student would use linear regression to compare the experimental speed of sound with the
theoretical version.
Online Wind Tunnel Laboratory
An online wind tunnel with a model of an airplane wing and other objects based on both
remote and virtual labs was built at the Stevens Institute of Technology.113 This provided
the students with real-time measurements for pressure, velocity and drag force with
streamed audio and video.
The wind tunnel was adapted for remote control by allowing for remote turning on and
off of the power supply, adjustment of the airflow velocity by setting the fan speed, and
in changing the angle of attack of the body (“wing”) in the test section using a stepper
motor controller. A data acquisition system allowed for real time reading of 16 channels
of pressure data.
Remote control was built around a four-tier architecture. The first layer was the webpage
that allows students to communicate with the experimental instrument. The second layer
was the web application that accepted requests from the webpage and passed data back as
a result of these requests. The third layer allowed for interactions between the web
browser, database and experimental controller. The actual control of the instruments and
webcam formed the fourth layer.
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A separate simulation (WebMax) was set up for each of the two different types of objects
in the airflow: an airfoil and a body. This allowed for comparison between the remote lab
and the simulations and provided a more effective approach than a lab with traditional
instrumentation. The remote access of the expensive wind tunnel from a variety of other
institutions would surely widen access to this important technology.
One-degree-of-freedom Mechanical Vibration System
The Stevens Institute of Technology built a remote lab in 2006 based on a one-degree-offreedom free vibration experiment for a junior level course on mechanisms and machine
dynamics.114 The user could control the inputs of initial displacement, experiment run
time, sample frequency, lighting, audio and video. The students were given the values of
mass and spring stiffness and then had to calculate the undamped circular natural
frequency, undamped natural frequency and undamped vibration period. They then
conducted the experiment and determined the damped vibration period, damped natural
frequency, damped circular natural frequency, logarithmic decrement, damping ratio and
damping coefficient from the experimental data. The determination of the appropriate
sampling rate was critical to achieving the correct parameters (as the resultant waveform
would change dramatically with sampling rates lower or greater than the Nyquist
sampling rate).
The Solar e-lab
The remote lab developed within the MARVEL project of the Leonardo da Vinci
program, comprised a solar energy conversion plant comprising two solar collectors on
the roof of the lab, an insulated thermal storage tank and associated instrumentation,
piping and other fittings.115 The Testpoint software tool, running on a PC connected to
the instrumentation and control equipment, was used for data acquisition and control. All
collected data were stored in Excel or Word and could easily be accessed by the user. The
remote user could access the lab through a PC, which acted as a PHP-based web server.
The student first had to pass a pre-lab quiz before accessing the scheduling tool, all of
which were located on the web server. The lab allowed for the student to access the
instrumentation comprising temperature, flow rates and solar radiation. There were two
main experiments: Firstly, investigating the variation of temperature across the storage
tank and secondly, the instantaneous efficiency of the collector and the rate of thermal
energy removed from the storage tank for consumption.
Feedback from visitors and users of the remote lab has been positive with a moderate to
high degree of satisfaction expressed. The lab website has been accessed by users from
75 countries; and over the period November 2004 to October 2008, there were more than
a million website hits. The presentation on solar energy was the most popular. It was
suggested that two-hour booking slots were too long and should be reduced in time.
Aerospace Course
A remote lab (an eLaboratory) at the University of Toronto was applied to two labs for
third-year aerospace students at the University of Toronto with a mixed response.116
Students either preferred remote access or had no preference. Support from lab assistants
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purely in the text chat mode was considered inadequate and full audio and video was
requested. Technical problems with the lab were immediately associated with the user
interface and use of remote technologies. Finally, more work needed to be done on the
graphical user interface to make it more transparent and improvements made to reduce
network latency and increase bandwidth.
International Collaborative labs in Mechanical Engineering
In a joint effort between the Cologne University of Applied Sciences and the University
of North Florida, a mechanical engineering remote lab was created based around a Twin
Rotor Plant.117 For simplicity, the twin rotor was modified from a Multiple Input Multiple
Output system to a Single Input Single Output system. The students had to calculate the
optimum PD/PID Controller parameters and observe the resulting different step
responses. The experiment had two parts: A simulation using MatLab or Simulink and
using the remote lab to compare the two results.
National Instruments LabVIEW software and hardware was used for the interface. The
Microsoft Access database was used to store the experimental data.
Although enthusiastic about this new remote approach to experimentation, students
nonetheless still preferred the hands-on electromechanical plant experiments. Other
issues which required further work, were the need for better visualization of the actual lab
with improved cameras and the need to make the twin rotor system more stable so that
the remote lab results can be better aligned with the theoretical simulated results from
MatLab. Other challenges were the network security firewalls with the various
institutions restricting internet traffic. Finally, some intervention was required in the
remote lab to support the equipment.
10.6

Chemistry, Chemical and Process Engineering

Remote Analytical Lab118
Access to the remote analytical lab equipment is based on using Windows Server 2008
with remote access. The lab comprised a web server and application server connected to
the actual equipment. A router acts as an interface to the remote student clients. When the
client connects to the lab through the website, a request is made by the client at port 80 to
the router, which is then configured to forward the request to the web server.
A number of remote analytical labs were set up. The first one was to determine ascorbic
acid in lemons. The student interacted remotely with the instrument, which was a
potentiostat for electrochemical measurements and a calorimeter. Before commencing the
actual lab, the student is expected to undertake a simulation exercise to reinforce his
understanding of cyclic voltammetry. The student then connects to the real lab
equipment, a potentiostat, and the measurement is done using the vendor's software. The
student is expected to calculate redox potential, peak current and other parameters such as
diffusion co-efficient.
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Other remote experiments included determination of metal ions in groundwater (using a
potentiostat) and measurement of glucose in a solution using di-nitro salicylic acid
reagent (with a calorimeter).
Chemical Engineering and Web Labs
Remote labs have been used in the chemical engineering with great success. At the
Massachusetts Institute of Technology (MIT), remote labs were used to supplement the
course on transport processes (with 100 students per year taught in the third year), which
covers the principles of heat and mass transfer, steady and transient conduction and
diffusion, radiative heat transfer and convective transport of heat and mass.119 A
supporting remote lab comprised a set of three heat exchanger experiments, two radiation
/ convection experiments and three conduction experiments. The lab equipment is
connected via a USB interface to a computer with a DLL to access the input and output
parameters of the experiment. Function calls to the DLL are made from the ubiquitous
LabVIEW program. Remote access for the instructors was through VNC (Virtual
Networking Computing) allowing complete control and viewing. The students used
remote access through LabVIEW. Additional software is provided for user registration,
authentication and scheduling of lab sessions (using the Microsoft .NET and C#). A
survey revealed that students were generally positive about the labs but harsh in their
criticism of problems in the interface and hardware/software problems.
The University of Cambridge third year Chemical Engineering students used the MIT
iLabs heat exchanger experiment with a shell and tube heat exchanger. Despite some
reservations about the “lack of reality”, students considered these experiments to be
considerably better than doing simulations or calculations.
The University of Leipzig has various stages to go through in undertaking their remote
labs from an introduction describing the background, objectives, hardware used,
procedure in how to operate the lab, an offline version of the lab, an online version of the
lab and then finally, the evaluation and discussion. A standard web browser and Java is
all that is required to operate the labs. It was possible to observe the entire experiment in
real time using video and audio. Seven experiments have now been developed and shared
between the Universities of Leipzig and Oldenburg: heat transfer, adsorption, residence
time distribution, hydrolysis/saponification, dehydration, temperature control and remote
control.
Remote Lab for Chemical Instrumental Analysis
At Athabasca University and Northern Alberta Institute of Technology remote labs based
around 15 different analytical instruments were set up.120 Most modern analytical
instruments are networked and computer controlled these days; hence they can be easily
accessed remotely through the internet.
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The key components of the remote lab were:
•
•
•
•
•
•
•
•
•
•
•

Public Information describing the project to visitors.
Password protection to eliminate unauthorized persons from accessing the
instruments.
FAQ and Help Section to help with common problems.
Connection to the instructor for assistance.
Tutorial on Chemical principles.
Qualifier exercises to get students to a minimum skill level.
Scheduler function to provide instrument time for users.
Instrument access.
Webcam access to view instruments.
Reference library databases to compare measurements with ideal manufacturer
results.
Supplementary resource materials.

A range of experiments was performed in chromatography and spectroscopy topics.
There was no significant difference in grades between students working remotely or
locally. It was noted that it was important to ensure that the remote lab content and level
is matched to the particular student. For example, an advanced analytical lab may not be
suitable for a first-year chemistry student. One concern students had with remote labs was
the lack of access to a face-to-face instructor. Balanced against this was the concern that
students prefer not to struggle through the text and want (verbal) immediate solutions
from instructors. Some other vital features of the remote labs were ensuring that cameras
are used to make the experiment more believable, the 24/7 flexibility of remote labs and
problems working with the lab. Although this last point seems strange, working through
issues is seen to be a necessary part of completing a successful lab.
10.7

Nuclear Engineering

Broadcasting Video and Data for a Nuclear Engineering Lab
Although, the authors from the department of Nuclear, Plasma and Radiological
Engineering at the University of Illinois at Urbana-Champaign are cautious in their
assessment about whether both distance learning and remote labs will be as meaningful as
the classroom experiences, they feel they can be made more realistic with the right
approach.121
It is instructive to review their description of a remote lab which places emphasis on the
video capability of the lab. This remote lab is based around a boiling heat transfer
experiment requiring a measurement of the heat transfer coefficient before, during, and
after film boiling, providing the student with an understanding of the various boiling
regimes. A metal sphere with two thermocouples embedded in it is heated to 420ºC /
788ºF and then submerged in a bath of near boiling water. The experiment is repeated
with a copper and steel balls and the temperatures are measured using an USB-based
temperature measurement device together with LabVIEW software from National
Instruments. A Canon network camera is used which can transmit video at 30 frames per
341

second and has built-in web and FTP server capabilities supporting up to 50 viewers
simultaneously. With 26X optical and 12X digital zoom in, 200º panning and 120º tilting,
a remote client can access any part of the experiment. An audio module built into the
camera adds more realism to the experiment. The remote computers require both a web
browser and the LabVIEW and Java run-time engines installed. This lab has been tested
but no comments are made about the reaction of students to the lab.
Nuclear, Plasma and Radiological Engineering
At the University of Illinois at Urbana-Champaign Department of Nuclear, Plasma and
Radiological Engineering a series of remote labs was set up.122 Initially it only provided
measurement and no control by remotely located students. The remote labs were based
around LabVIEW allowing remote viewing of the control panels through a web browser.
Two experiments were set up. The first one was to measure the heat transfer co-efficient
during various water boiling regimes for two different metal balls (copper and steel). Two
thermocouples were embedded in the ball–one on the surface and one internally.
A sophisticated webcam with controllable zoom, pan and tilt capability and fast frame
rates (with audio) was able to be accessed simultaneously by 50 multiple users. Two large
screen monitors at a distant monitoring lab enabled for more detailed viewing. Centra
web conferencing software was used between the remote lab and receiving sites.
An USB-based temperature measurement device (Measurement Computing Corporation)
with eight differential thermocouples, RTD, thermistors and semiconductor temperature
sensors was used for monitoring.
The second experiment comprised a gamma ray spectroscopy experiment was also placed
online. This allowed estimation of gamma ray energy both locally and at a remote site by
measuring the voltage in a scintillation detector.
Both experiments were considered realistic experiences for students of remote labs.
Neutron Beam Experiments based on iLab
The iLab shared architecture was used to run a range of neutron experiments at MIT.123
The NI LabVIEW software (Integrated Interactive Lab Server) was used for the
experimental interface. The experiments which are part of the course on Nuclear
Engineering included:
•
•
•

Measurement of the Maxwell Boltzmann distribution of thermal neutrons.
DeBroglie relationship of kinetic energy and momentum of thermal neutrons and
Bragg Diffraction.
Beam Depletion or Shielding effectiveness in a neutron beam.

The spectrometer-based iLab is an interactive experiment requiring users to schedule
experiments in advance. This allowed the operators in the reactor control room to
manually open the beam port.
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The procedure was for students to log in to the service broker, select the spectrometer
experiment and redeem their earlier reservation tag. The service broker checks that the
user has a valid reservation and that she is allowed to use the spectrometer experiment.
The user was then able to launch the experiment.
Two web cameras of each experimental setup were provided so that students could
observe the experiments underway. These were critical to providing the students with a
feeling of presence.
Software and hardware safety interlocks were provided to eliminate any collisions of
components and to ensure the various items were only operated over defined ranges.
Most students commenced their experiments by working in the physical lab before taking
on the online option.
The great advantage with online access is in achieving longer lab times; thus better
quality data sets for improved analysis. Students can also easily repeat the experiment if
they identify problems. Overall, the online labs achieved comparable educational
outcomes to the traditional physical labs.
10.8

Information Technology (IT)

Information Warfare Courses
Iowa State University (in 2004) offered the only information warfare course via distance
learning.124 In addition to a textbook, internet resources are used as computer and
network security is a rapidly evolving field. Apart from the need to institute a physical
break in to the compus, the labs were well suited to distance learning. The distance
learning students were two weeks behind the on-campus students, hence care was
required in handing out solutions. The first six labs were focused on tools and processes
to attack and secure a network of computers. The final lab was the break-in lab that was
to break into a company network and gain as much information as they can (such as
passwords and usernames). They then had to write a report detailing how they broke in
and how they would fix the problems found. When the exercise was running, the
instructor had to check in every few hours to correct any problems that might arise.
Overall the course has been very successful with the students rating the labs highly.
Remote Lab with Instructor Support
A remote lab was set up by the three authors from the Learning Lab in Lower Saxony to
test the degree of support required by a tutor.125 As was pointed out, engineering students
need to acquire problem solving and creativity strategies to be successful in their careers.
Hence, labs are a great way of acquiring problem solving skills. A few key characteristics
of these remote labs with synchronous tutorial support to the students were:
•
•
•

A problem-based learning environment.
Synchronous learning on live lab equipment.
Support with asynchronous tools such as email for dispatch of the lab results.
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•
•
•

Asymmetric learning (the tutor knew more than the students).
Small groups of three or four.
A duration of a few hours for each experiment.

The remote lab consisted of the students working on Java programming for picture
generation by laser deflection where the compiled code had to interface to data
acquisition and control hardware.
The working environment for the student comprised a computer screen with the left part
allowing students remote access to the lab where they can select and control cameras; and
switch on and off the embedded system. The right side of the window allowed different
users to communicate with each other using video/audio and text. The remote lab using
desktop sharing was based on the popular VNC software and 19 students in electrical and
computer engineering took part in the lab. The results confirmed that remote support with
desktop sharing and video chat was as effective as that from a local tutor to the students
and achieved a similar level of instructional quality. However, the authors suggested that
this might not be as successful for a lab requiring considerable soft skills where social
cues are important. Audio chat and the combination of video chat and desktop sharing
were mainly used and were extremely important for success in referring to the remote
tutor. The use of the video chat facility did compromise the quality of the audio, not
because of the bandwidth usage but the high CPU load of the student’s client application
running the VNC software. Application sharing as opposed to desktop sharing should be
considered here, if CPU overload is still an issue.
Virtualization and Cloud Computing in Intrusion Detection Technologies education
Virtual lab systems were deployed at East Carolina University to improve efficiencies
and cut down on costs.126 Virtualization allows for multiple operating systems to run
concurrently on one physical computer. Services are allocated on demand to users–after
the reservation terminates, the physical server will have resources freed up to host a
virtual environment for others.
Virtual Computing Lab (VCL) is a free, open source, virtual lab automation system
developed at North Carolina State University. Another alternative is VMWare vCenter
Lab Manager (VLM), a commercial package developed by VMWare. Initially, students
used virtual machines on their personal computers for hands-on labs. However, this
approach was not easily scalable for labs requiring multiple machines and considerable
RAM and CPU power (e.g. in one case, a host was required to run 74 virtual machines
concurrently without degradation in performance), where a student’s typical computer
simply couldn’t cope. It was also easier for an instructor to monitor the lab and student
activities with a centralized approach.
An Intrusion Detection Technologies course was offered both face-to-face and for
distance learning students with all labs offered online using VMWare virtual labs.
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Students showed a definite preference for virtual labs, whether they be centralized (for
significant requirements) or decentralized (e.g. for minimal requirements with one virtual
machine).
Remote Lab for Intrusion Detection Systems
A remote lab for intrusion detection systems was constructed at East Carolina University
for remote access by students using a local campus-based LAN with student access via a
Virtual Private Network (VPN) connection.127 Students control the local computers
(hosts) through a Remote Desktop Web Connection. All experiment–based lab resources
resided on the LAN file server, from which all students accessed the necessary
experimental software. The design criteria were based around:
•
•
•

•

24/7 availability so that students could access it any time from any location with a
minimally configured laptop computer.
Flexibility in configuration of the lab with no requirements for instructor
involvement or hardware modifications.
The highest level of reliability, allowing students to easily execute the labs with
no possibility of failure. This means designing the labs to have the minimum
possible hardware for all the experiments.
Economy. Providing for lowest cost and thus no redundancy.

There were two main types of experiments: HIDS (presumably Host-based IDS) where
each student only needed to operate on the one host with all the software installed on this
host; and NIDS (presumably Network-based IDS) where a group of students operates on
the network with some hosts to launch attacks and others as IDS sensors to detect these
assaults.
Challenges with the network were the limited network speed (especially in achieving
quick remote lab access) and scheduling problems especially when one group overshot
the time on their specific experiment.
10.9

Miscellaneous

An Attempt to Cut Down Travel to Labs On-Campus
The University of North Dakota regarded labs as one of the major restrictions for distance
students in completing the chemical, electrical and mechanical bachelor of engineering
programs (as well as the varied asynchronous delivery requirements placed on staff
coping with students at different levels of progress).128 A serious attempt was thus made
to halve the amount of time students would be required to spend on campus from twelve
to six assignments using simulations and remote labs.
The online lab assignments were based on authentication of the student to the lab,
provision of the necessary background theory and assignment instructions, online
experimentation via virtual and remote labs, obtaining the necessary experimental data,
analysis of the data and finally, report writing of the experiment. National Instruments’
LabVIEW software was used as the interface between the lab equipment and in
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publishing the labs on the web. A video camera was also added to give improved realism.
The three lab courses that were redesigned for 50% online content included chemical
engineering, electrical circuits and mechanical engineering.
The simulation lab included a process simulation using ChemCad software to determine
the best solvent for a light hydrocarbon absorption column. Students had to load the
program on their individual computers but it was hoped in future to allow access to the
software loaded up on-campus computers. A steel selection simulation comprising
images, videos, text and tables showing details of steel was another virtual lab. A third
lab based on operational amplifier circuits was created using LabVIEW VIs which were
then published to the internet. Both input and output waveforms could be observed using
different ac and dc input voltages and impedance values. Assignments were provided
through the Blackboard LMS. Finally, a PLC simulation lab was provided using
LabVIEW that displayed the external wiring, output devices and switch inputs (push
buttons and toggle switches).
In addition, remote labs were provided with a range of experiments ranging from process
dynamics and control using a vertical cylindrical storage tank (with level detection) to
demonstrate process dynamics of first order systems and PID Controller tuning.
LabVIEW was used to display flow and control results as well as to input flow rate
setpoints and controller tuning constants.
An op amp circuit was physically set up using a National Instruments data acquisition
board to write and read the required analog and digital signals. In addition, a switching
matrix was used to switch between components. A webcam was used to add more realism
to the lab.
A steam turbine power plant model with LabVIEW was used to experiment with a
working plant with such parameters as boiler temperature, pressure, turbine inlet and
outlet temperatures and pressure, fuel flow rates, generator current and voltage. Stepper
motors were added in for additional remote control of the steam admission valve as well
as the load rheostat. For safety reasons, the master switch, burner switch and load switch
were locally controlled.
A vibration lab was created to measure natural frequencies and mode shapes of a
vibrating beam. A beam was supported at each end with an electro-dynamic shaker, audio
source monoblock amplifier and single axis positioning table. On the table a capacitance
probe was situated to measure the displacement at varying points along the beam.
Finally, the ubiquitous programmable logic controller physical set up using Rockwell
PLCs connected to PCs with LabVIEW and PLC programming software. A digital
camera (640 x 480) with remote pan and zoom capabilities was used to observe the PLC
LEDs and external devices. Inputs to the PLC I/O modules were controlled through
pushbutton and toggle switch computer screen icons connected to a data acquisition
board.
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Limited assessments of the conversion of the labs concluded that this change was well
received. However, the physical response time for physical control was especially slow
for international students and further work was required here.
Marine Instrumentation Forms a Remote Lab
A group of three universities and two oceanographic institutes has installed
instrumentation and cameras on the ocean floor and on the water's surface to monitor
oceanographic and meteorological activity.129 This remote undersea lab has often been
used in the classroom to demonstrate experiments such as collecting water samples to
analyze pH and other parameters and also to examine samples under a microscope.
Correlations between the atmospheric conditions and marine and water life can be shown.
The exposure of students to authentic research such as this increases the student's
motivation and understanding of lectures. This underwater lab has been very busy, as
students from many other universities throughout the world have taken advantage of this
expensive but very useful facility.
A Pharmaceutical Science Remote lab
A great example in this area was the incorporation of a gas chromatography-mass
spectrometry (GCMS) instrument into the Integrated Laboratory Network at Western
Washington University.130 The Faculty of Pharmaceutical Sciences at the University of
British Columbia with an enrolment of 140 in their BSc in Pharmacy offered a third year
course in pharmaceutical analysis techniques but without access to an expensive GCMS
thus weakening the laboratory component. The University of Washington had created an
Integrated Laboratory Network (ILN), which had the objective of using internet
technologies to incorporate scientific instrumentation and course materials into the
classroom and lab environments. The ILN has several high-use expensive instruments
such as gas and liquid chromatographs, mass spectrometers and a scanning electron
microscope.
Microsoft’s Netmeeting, a web conferencing program, was used to access the GCMS
instrument remotely; with additional features of audio, video and synchronous chat.
Approximately 70% of the students felt this improved student learning in allowing
students remote access to an expensive item of equipment. There were, however,
problems with poor quality microphones, webcams and a complicated instrument
interface. There was no actual improvement in the final mean examination grade with the
use of this facility, but it was deemed useful to continue and expand usage of this
expensive device in the future.
Supplementing Lecture Courses
Georgia Institute of Technology created a program called TESSAL (Teaching
Enhancement via Small-Scale Affordable Labs) to enhance lectures with an innovative
set of portable labs for electrical, mechanical and computer engineering courses.131 Over
1244 students have undertaken them. These labs can be conducted either at home or in
class, in groups of two to five students, and are oriented towards illuminating a difficult
theoretical concept, being low-cost and portable, and finally, having an online
component. One of the major challenges has been in motivating instructors to take
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ownership of these labs because of the additional effort and risk in getting to work
smoothly. This problem was addressed successfully by designating technical assistants to
support a set of labs.
A few suggestions on running the out-of-class labs successfully included making the
assignments mandatory, using a reservation system to ensure labs are available timely,
penalizing groups for being late, providing adequate support and transporting the lab
equipment in sturdy containers. Similarly, suggestions on effectively running in-class
labs included testing modules before the class, providing adequate time for undertaking
the lab, ensuring students are prepared for the labs (including provision of videos) and
providing adequate technical support.
Physics Remote Labs
At the Berlin Institute of Technology, over 500 students participate in an undergraduate
Physics course, and this places huge demands on lab equipment especially for expensive
equipment such as for Raman spectroscopy or dangerous matericals, such as radioactive
materials.132 A series of 12 remote physics experiments (six classical and six modern
ones), also referred to as, “the remote farm”, have thus been set up in conjunction with
the Moodle LMS which everyone can gain access to through a browser. The students are
mainly engineering students working in groups of three who undertake six remote
experiments (and after analysis of the experimental data produce a report).
Each experiment is structured with the following resources:
•
•
•
•

A description, the experimental setup and tasks to be undertaken.
A simulation of the actual experiment.
Remote experiment.
A discussion forum, wiki and chat facility.

LabVIEW is the underlying software tool for controlling the experiments, both locally
and for remote access.
A key element in support was the provision of two sets of tutor teams; a technical group
that designs, builds, programs and maintains experiments and a teaching group. Both
groups support two labs and the associated students.
Feedback from the students in the 2008 / 2009 semester was somewhat positive, with
64% of participants believing that working with remote experiments is very important for
their future careers as engineers. There were negative comments on the lack of userfriendly graphical interfaces as well as instability in some experiments.
An important issue with physics (and engineering) is to understand how the theory,
physical model and experiment inter-relate and to be able to reconcile the similarities and
differences.133 The opportunity presented by remote labs is to conduct this process
seamlessly as there is effectively one graphical user interface.
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Three sets of remote labs were compared with their virtual at the Berlin University of
Technology (Institute of Solid State Physics). This included a magnetic hysteresis loop,
the classical gas laws and a coupled harmonic oscillator.
Online Bachelor of Science in Engineering Technology
Excelsior College in New York has numerous successful online Bachelor of Science in
Engineering Technology programs (such as electrical engineering and latterly a
component within nanotechnology).134 Although software packages such as MultiSim, NI
Circuit Design, LabVIEW, MATLAB, LogixPro and Xilinx can be used successfully for
simulation, a minimum of two traditional hands-on lab courses is nonetheless required.
This rule can be waived only if the student can demonstrate she has gained sufficient
hands-on experience, generally through employment.
Improving Understanding in a Lecture-only Physics Course
The LiLa (Library of Labs) project is a European Union-funded project to set up remote
and virtual labs.135 The concept is that a LiLa partner can collaborate with each other in
using each universities’ labs in presenting their lectures. It was noted that many
universities in Germany have a challenge with students being unable to fit in labs into
their busy lecture schedules. Research was conducted on the Physics for Engineers course
attended by 1300 students at the University of Stuttgart. As a result of the LiLa program,
online labs were made optional for the students.
There were three phases to the online experiments: an orientation phase where the
students familiarized themselves with the online experiment, the execution phase where
they conducted the experiment and finally, the review phase where the progress of the
students was checked and they undertook a short test. A survey was conducted on
whether the students improved their learning success by undertaking the labs with mixed
results. It was noted, however, that there was a strong correlation between the results of
the final exam and the students who undertook the online experiments. It is possible that
the students who undertook the experiments were already highly motivated and would
have been successful in the exam.
The challenge was that the online experiments were not compulsory and hence only
enjoyed a small take up (only 33 students out of a possible 1300 undertook all three
experiments). The suggestion from the researchers was to make the experiments more
“cool” to increase the motivation of the students to undertake these. However, it is
doubtful whether this is possible. The only way is to ensure they add real value to the
lectures with increased understanding and make them a key part of the course.
The important point with LiLa is to complement online labs with traditional hands-on
training, which provides students with the opportunity to get familiar with real equipment
and socialize and communicate with each other while working collaboratively.136
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Remote Lab based on Atomic Force Microscope and LabVIEW
An atomic force microscope (AFM) was used to measure and manipulate objects down to
the size of a single atom.137 LabVIEW is used to control the instrument. A simple
command line language has been implemented to control the AFM with sequences of
measurements requested. The structure of the lab has four layers:
•
•
•
•

Hardware layer for the microscope and robotics for the sample stage.
Middleware layer containing the entire functionality (and list of valid commands
and security management).
Interface to a graphical user interface (either local or remotely located).
The Graphical user interface.

An expert (full range of commands allowed) or novice mode was available. Up to five
simultaneous users can use the remote interface. Full video was essential for remote
usage. The instrument was even usable by high school students with great success
achieved here.
Fast Fourier Transform Demonstrated in an Optical Experiment
At Stanford University, a Cyberlab was based on an optical processor.138 Collimated light
is incident on a selected object from a laser. The transmitted light is then Fourier
transformed by a convex lens. Spatial filtering is performed in the back focal plane and a
second lens provides another Fourier transform; the resulting image is then viewed on a
CCD camera. The experiment allows for different objects, filters and lenses to be selected
and placed in the path of the laser beam. The physical Fourier Transform can be
compared with the theoretically derived one. Noise in the system added to the
experimental random and systematic errors makes for discrepancies in the results.
An electronic lab notebook was used to record the experiment providing classical features
of data recording and note taking but also a complete record of all correspondence with
others.
Student responses were positive, although a need was expressed for more independence
in operating the experiment to bring it closer to a traditional hands-on lab.
Remote Calibration and Testing of Instruments
Remote calibration of instruments is an opportunity to minimize on the downtime that
could occur when they are transported to a calibration laboratory.139 There are some
security issues as the installation is done by the customer and not under the direct control
of the calibration lab personnel who have to sign the calibration certificate. Hence the
procedure is required to be reliable and secure with minimal local human interaction
required. A hardware device was interposed between the instrument (and sealed to the
instrument to minimize possible tampering) and the GPIB bus to encrypt the data.
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10.10 Conclusion
A full range of remote lab applications has been examined, from the popular electrical
and electronics to mechanical, chemical, nuclear and IT. One concern is the sustainability
of these labs, and that will be discussed in the next chapter.
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Key Points and Applications
Chapter 10
The following are the key points and applications from this chapter entitled: Remote
Laboratory Applications.
1. The number of different remote laboratory management systems are as follows:
• MIT iLabs commenced by MIT in 2000.
• Australian LabShare Project with over 4000 students accessing it.
• Global Online Laboratory Consortium (GOLC) comprising an international
group of universities initially based on the iLab Shared Architecture.
• Virtual Instrument Systems in Reality (VISIR) set up originally by the
Blekinge Institute of Technology.
• Library of Labs (LiLa) is a European funded project to set up remote and
local labs.
2. Examples of remote labs range from semiconductor characterization, logic design,
optic circuits, antennas for electrical engineering, tensile testing, photonics and
fluid mechanics.
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Chapter 11
Remote Laboratory Approaches
“Education is not filling a bucket but lighting a fire.”
– William B. Yeats
Chapter Contents
11.1 Introduction
11.2 Typical System Architectures
11.3 Remote Access Technologies
11.4 User Observations
11.5 Converting from Traditional Labs
11.6 General Requirements
11.7 Software Requirements
11.8 Overall Design Considerations
11.9 Jump Starting Remote Labs
11.10 Conclusion
The operation of a typical remote labs software package is given in Appendix D.
11.1 Introduction
Student surveys tend to indicate that most learners find a well-constructed remote lab
(with a simple interface) useful and equivalent to that of a traditional lab.1 However, there
are misgivings about the lack of hands-on experiments with instruments and equipment,
as well as some conjecture regarding whether a remote lab can accurately reproduce the
feeling of working in a standard lab.2
A study has shown that remote labs encourage students to operate experimental
equipment for a longer period of time than in a traditional lab, and learning outcomes
appear to be improved.3
Remote instrumentation is becoming widely used with notable examples being a
telescope (e.g. MIT Haystack Observatory 37m radio telescope), a single crystal X-ray
diffractometer (Youngstown State University) and adiabatic flame temperature
(Columbia University).4 To ensure the long term sustainability of the instrumentation,
requirements here would include appropriate levels of staffing, marketing of the facility,
dissemination of research results, regular design and implementation of new projects and
regular updates of the equipment itself. Most remote students found the experiments
useful with the same exposure as local students, although the lack of immediate staff
support was a disadvantage.
The following section examines typical remote lab system architectures. Next remote
access technologies are detailed. User observations on the best way of building a remote
lab are described. The suggested conversion process from traditional to online remote
labs is then discussed. General and then software requirements are assessed followed by
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overall design considerations. The chapter is completed with a discussion on the lack of
evidence of successful sustainable remote labs followed with a conclusion.
11.2 Typical System Architectures
The typical architecture of a remote lab comprises a learning management system (LMS)
which learners interfaced to through the web server.5 The LMS then connects through to
a series of lab servers which allow access and control of the actual lab equipment. Each
lab server is connected to a measurement server which is physically connected to lab
equipment (either hard wired or through either Ethernet, RS-232, USB or GPIB
communication buses). The main services provided by the remote lab modules include a
demonstration of the experiment from instructor to the student, visualization of the
experiment by the student, control of an experiment by the student and, finally,
construction of an experiment by the student.

Figure 11.1: Typical Remote Lab System Architecture
There are essentially four main components to a remote lab:
•
•
•
•

The learner’s PC with client software.
A central server (with scheduling, web, database services, web conferencing
software).
A lab server with appropriate software.
Measurement server, equipment and instrumentation connected to the lab server.

There are new opportunities to learn not only from handling equipment but in interacting
together in collaborative ways on remote labs with students located from different
locations.6 Students can learn not only from use of the lab tools but in interacting with
each other with divergent perspectives and also in shared knowledge building. There are
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a number of different approaches to collaboration: students can collaborate in face-to-face
groups on one location, individually in different locations or in groups in different
locations.
Another proposed remote lab architecture used at the University of Toronto referred to as
an eLaboratory comprised the following modules: remote experiment, engineering portal
(for storage of student’s documents–akin to a lab notebook), telepresence (streaming
video of the lab and collaboration with others or the lab assistant), application publishing
(allowing access through remote desktop protocol to other programs) and scheduling (for
the students to access the labs without conflict).7
Typical System Architecture of a Remote Lab
A three-level system proposed by the Stevens Institute of Technology can be seen in
Figure 11.1 and is structured as follows:8, 9
•
•

•

The client application is a Java-based web browser which can access the internet.
The resource manager is based around a web server to respond to HTTP requests
from clients and for authenticating all users. In addition, it has a database server
for storing all data relating to users, equipment descriptions and results of the lab
sessions. The final component is a scheduling server for experiments and
equipment and for allocating experiments.
The third component comprises the computer interface and the actual instruments
and actuators.

The associated software proposed was as follows:
•

•

•

•

The graphical user interface (or GUI) resides on the client, allowing the user to
the interface to the lab. This should be open to a variety of web browsers, thus
achieving platform independence.
The second layer is the web application which processes requests from the GUI
and responds with the requested data. A variety of different technologies can be
used here, ranging from Common Gateway Interface (CGI), PHP, JavaServer
Pages (JSP), ASP.NET and ASP.
The third layer is the lab agent which responds to requests from the web
application and extracts the necessary information from the instrument or writes
information to an actuator. At the end of the experiment, the experimental data is
stored in a database.
The fourth layer comprises the instruments, actuators and cameras software driver
interfaces which interact with the lab agent.

Typical Components of a Remote Lab
Another suggested approach for a remote lab comprised:10
•
•

Web and Database server containing user accounts, experimental documentation
and monitor of students’ experimental activities.
Collaborative Server allowing for a synchronous web conferencing experience.
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•
•
•

Experimental computer connected to the switching matrix and equipment.
Switching matrix allowing for remote switching of the various experimental
components.
Experimental equipment which is connected to the experimental computer and
switching matrix.

A Suggested Architecture for Remote Labs
There are many architectures that have been built up for remote engineering labs, mostly
based around a client (at the student’s end) and a lab server connected to the experiment
and a web server handling the administrative issues.11
A remote lab structured in a three layer model can be visualised with layer 0 being the
actual experimentation, layer 1 including the basic modules such as database, data
archiving, video server, collaboration, authentication and scheduling. Layer 2 has the
visualisation and instructor administration modules. A literature review suggests that the
following model could be built up for a typical remote lab:
Layer 2
User Interface
This interface allows for such elements as log in, modifying passwords, scheduling
arrangements, retrieving data from previous experiments, initiating the experiment,
collaborating with other students and reading information posted by the instructor.
Instructor Administration Tools
This allows the instructor to remotely configure an experiment, post general information
for the lab participants and start or stop an experiment.
Layer 1
Authentication
This is to ensure only registered lab participants are allowed to access a specific lab and
is based on a database being kept of authorised participants, with their allowed time slots,
as well as advising when an experimental slot's time is about to expire.
Scheduling
This allows for scheduling of all experiments so that participants can avoid conflict and
congestion in booking labs (particularly before the deadline for submission of a lab
report!).
Video Server
A number of cameras are provided here for access by participants with repositioning of
the camera allowed as well as changing the rate of frames per second for the video.
Collaboration Server
This allows participants to work with each other on a specific experiment using
combinations of text chat, audio, video and whiteboard.
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Data Archiving
All data from experiments can be archived in the system database and can be retrieved by
the participants.
Database
The database module would contain such information as participant's profiles, instructors,
list of experiments, scheduling data and archived data.
Experimentation
The suggestion is that the ubiquitous LabVIEW web-publishing software can be used for
experiments but any of the following technologies could be used for the lab hardware:
PCI/USB/Ethernet and GBIB.
Concurrency
This allows for multiple simultaneous participants in an experiment with only one user at
a time controlling the experiment and the remainder watching.
11.3

Remote Access Technologies

The History of Remote Access
There has been a steady movement from Virtual Private Networks (VPNs), which use
standard encryption protocols such as internet Protocol Security to create a private tunnel,
to the Secure Sockets Layer (SSL) VPN which eliminates the requirement for the
installation of specialized VPN client software on the client’s computer.12 Recently,
Desktop Virtualization allows for users to access their virtual desktops from a centralized
server. The final (major) trend has been the growing use of downloadable mobile apps
which allow for secure mobile / remote access to applications and data without the need
to open up a web browser session.
Besides Microsoft’s Remote Desktop, there are a number of remote access technologies
that could be used for remote labs.13 These Mac and Windows compatable packages
include:
Teamviewer. An excellent package for remote control, this is normally installed on the
server side with a client being able to access it, transfer files and chat. There is no direct
installation of software on the client side. It includes full encryption based on the
https/SSL standard. Clients have complete control of the mouse and keyboard at the same
time, thus making it unsuitable for multi-user use. It costs $700 for lifetime commercial
use (2009). Response delay is of medium level.
GoToMyPC. The connection between client and server is through an additional server
connection, thus making it somewhat slower than other offerings. There is also a need to
install software on both client and server. It uses the Advanced Encryption Standard and
allows for file transfer, chat, remote sound, file printing and drawing abilities. There is no
multiuser ability and software installation on the client side can be problematic. It costs
$180 pa (2009). Response delay is high.
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LogMeIn. Besides software requiring to be installed on the server (but not the client),
this uses high level SSL end-to-end 128- to 256-bit encryption. This provides chat,
remote control, remote sound and file transfer. There is a monthly charge of $20pm for
LogMeIn Pro. Response delay is high.
11.4 User Observations
In order to build a good design for a remote lab, it is important to examine user
observations on what is required to build a remote lab.
Errors in Remote Labs
With the different ways of applying instruments (and control equipment) in remote labs,
there is the possibility of introducing errors into the measurements as compared to that of
the traditional classical labs.14 What makes the issue more challenging is that often there
are multiple users accessing the remote experiments simultaneously and the remote lab
set up has to be able to handle this situation. A standard electronics lab comprising
function generator, digital multimeter, oscilloscope, power supply and switching matrix
was analyzed with minimal errors detected in frequency, amplitude, voltages, resistances
and currents.
System Response Time
The system response time for various numbers of concurrent users was investigated with
the electronic test circuit (including the switching matrix). Responses ranged from
800msecs for 10 simultaneous users with a simple circuit (one component in the
switching circuit) to almost 7 seconds with 60 simultaneous users with a complex circuit
(3 components connected to the switching circuit). It was suggested that the absolute
maximum time a user would be prepared to wait for results would be 7 seconds (but this
would be considered an absolute extreme).
A comparison was made between three different web-based LabVIEW control systems
based around flow control of a three-tank system (although the live video broadcasting
was the same for all three).15 The web-based LabVIEW to web browser control through
CGI method delivered the best performance with the shortest data acquisition time (0.4
sec period), whilst the LabVIEW client to LabVIEW server using different datasocket
channels (4 seconds period) and web-based LabVIEW to web browser control through
ActiveX + Datasocket were the slowest. The only major challenge for the CGI approach
is that the data are only downloaded at the end of the experiment and is not visible in real
time.
Time Scheduling Issues with Remote Labs
As opposed to batch-mode experiments, interactive ones require instantaneous control of
equipment and real-time measurements but it is difficult to provide open-ended unlimited
access with these, as the demand from a number of users can conflict and each
experiment’s time is normally fairly short.16 This means that a scheduling scheme is
necessary and this can vary from time slot mode, queuing mode or a hybrid (slottedqueuing) mode. Time slot refers to the duration of the experiment; the user selects her
preferred time from a menu indicating open slots and booked slots. While this has the
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advantage of dedicated access at the user’s preferred time and more flexibility in varying
testing conditions for multiple measurements, the disadvantage is inefficient utilization of
resources.
The queued method allows for several users to use the equipment with some
unpredictability in a short period of time–possibly even concurrently. The advantages
here are optimized efficiency (available all the time), increased convenience and the fact
that the method is suited to a comparatively large number of experiments with fewer
measurements (and measurement conditions changing). The disadvantages are lack of full
control, less predictability in exact time of use and an unpredictable and extensive
waiting time. A suggested compromise approach (with better efficiency than a time slot)
is slotted queuing with a limited maximum number of users per time slot.
Importance of Reality
Obviously, remote labs being detached from the student working on them have an impact
on the student’s feeling of presence.17 The student’s feeling of presence, “lies in the
perception of reality”–or the lack thereof. This sense of presence is a good predictor of
performance in the lab and of success in achieving the learning outcomes of the
experiment. A recommendation here is to ensure the graphical user interface is as realistic
and easy to work with as possible. The graphical user interface should not interfere with
the student’s perceived contact with the real lab experiment located at the remote
location. A further suggestion to improve the experience is to allow the student to work
with a proximal lab first, thus helping to establish the feeling of reality when transitioning
to work on the remote lab.
If the lab equipment is used more efficiently with many simultaneous users (and a
resultant minimal of use of cameras showing real equipment), the student will suffer a
reduction in her perception of reality.
As would be intuitively expected, the problem with batch mode of operation is that in a
remote lab setting, the feeling of presence is lacking.18
A transparent graphical user interface (GUI) is vital to the execution of a good
experiment and to assisting in providing the student with a sense of reality.19
Real World Interaction to Virtual Worlds
Interactions in these instances range from totally real world interaction to mixed reality
(real and virtual combined) to a purely virtual world.20 Mixed reality could be a proposed
new building superimposed on a real world street (often referred to as augmented reality)
viewed through a head mounted display. In terms of building in remote labs or other
equipment, the Open Wonderland virtual world is probably optimum because it is open
source and is easier to expand.
Requirements for Integrating Labs into Professional Practice
In working with remote labs, it has been suggested that there are two types of reality.21
The first is initiation or establishment reality, which is the minimum required to convey
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to the student the impression that she is working with real but remote equipment. The
second is maintenance reality, which is lower and provides the stimulus to maintain the
student’s belief that she is still working with real equipment. One of the most significant
contributors to reality is a live video feed of the lab setup.
Elements that can contribute to the very important professional and industrial (as opposed
to academic) context of the remote lab experience include the type of professional setting
that places the experimental equipment squarely within the context of industry (e.g. a
Programmable Logic Controller working to control a set of motor drives in a plant), real
world complexity and ambiguity (e.g. time and cost limitations and collaborative team
challenges in working on the experiment), the locus of control devolving to the student as
to the conduct and flexibility of the experiment and finally connection to real problems in
industry.
Good Lighting is Essential
The University of Deusto undertook a survey of students undertaking the lab on PLDs
(programmable logic devices) over the past six years, with 247 completing the survey.22
Overall, the students considered that the remote lab was a useful learning tool. The major
irritation was that the webcam was inadequate, mostly due to a lack of light; once this
problem was rectified with an improved lighting system, subsequent surveys indicated
satisfaction. Remarkably, there were over 1,000 accesses of the remote lab for the 23
students surveyed. 75% of the remote lab accesses were done from outside the university
campus with the majority done in the afternoon and night.
Student Feedback from Large-scale Trial of Remote Labs
A survey was conducted of lab sharing between August 2009 and September 2010 with
six Australian universities: CQ University, Griffith University, Monash University,
University of Adelaide, University of Tasmania and University of Technology, Sydney.23
The remote labs included loaded beams, coupled tanks, FPGA-based digital systems, an
iRobot, shake tables, PLCs and the Coldfire real-time operating system. Over 1,000
students undertook the lab sessions, mostly formally but there were also some informal
participants. From these, 157 responses to a survey were analyzed for user observations.
An immediate observation was that the highest usage of the labs took place in the days
immediately before a lab submission had to be made.
In reflecting on the survey results, the use of remote labs, as compared to that of hands-on
physical labs, exhibit a number of practical differences to the students, which included:
•
•
•
•

Minimal sensory interaction (such as tactile).
Individual work vs. group work.
Flexible time vs. fixed time.
Stronger reliance on notes against extensive dependence on lab tutors.
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The survey responses were illuminating:
•
•
•
•
•
•
•
•

74% of students had never heard of remote labs.
Most accessed the labs from home and from university computer labs.
There was a strong preference for afternoon and evening access to the labs.
The convenience and flexibility of access to remote labs were appreciated but
only where hands-on labs are unavailable.
Video feedback of the scene was useful in instilling trust into the data sourced
from the remote lab.
The advantages were defined as flexibility (time and location), ability to repeat
experiments and ease of use.
The disadvantages were listed as lack of engagement, technical problems (control
and video), less learned than in proximal labs and delay in accessing lab.
Most wanted more remote labs with only a small percentage (9%) preferring
hands-on proximal labs.

A few recommendations suggested for future remote labs were:
•

•
•
•

Instructors need to be taught the finer points of running remote labs to make them
successful. There are some significant challenges in sharing a few items of
equipment with large numbers of students.
Remote labs should be made compulsory or count towards the final mark and
represent a tangible reward.
Students will learn to accept and work with remote labs as a normal part of their
curriculum if they use them more frequently.
The learning outcomes between remote labs and hands-on labs are different and
need to be carefully identified and used.

It is always important in the client server application to keep all time-sensitive real time
algorithms located in the server rather than the client due to possible introduction of
significant dead times.24
Finally, there was a plea for everyone to join the remote lab community and build it into a
very successful resource.
Survey of Students at Florida Atlantic University
A survey to a limited number of students indicated that even those undertaking online
courses preferred the conventional physical lab in which to conduct experiments.25
However, most preferred remote labs to simulations.
Initial research revealed that students valued support in their remote lab through
synchronous communications between a remote tutor and students during the lab
session.26 This could be extended to asynchronous communications if the labs and
support are conducted on an international basis. Application sharing was of critical
importance for the tutor to assist the students in their tasks.
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Constraints in Adoption of Remote Labs
There is often no overwhelming reason to change to remote labs from existing
conventional labs.27 Although the number of real labs undertaken may be fewer when
people engage with remote labs, for example with a reduction of 30% in the number of
labs, this doesn’t provide enough of a reason to change to remote labs. Added to this,
reluctance to change is the high level of inertia.
There is a lack of universal standards for remote labs apart from use of LabVIEW
software.
There are some unique restrictions such as bandwidth, the need for computer-related
skills and concerns about the artificiality of the environment and results (e.g. lower levels
of noise).
There are concerns that remote labs are “not real” and thus cannot provide the same level
of experience as a conventional lab with overwhelming auditory, visual and kinesthetic
senses (and even olfactory, with a burnt out resistor).
Academics who would need to support these labs are not generally motivated by money
or organizational requirements and would generally not be overly enthused with a set of
remote labs thrust on them but would be personally motivated by contributing to the
design and operation of a lab.28 It was thus suggested that an approach may be to
construct remote labs which are highly configurable so they could then design the way in
which the remote lab would be utilized for their students.
Multiple Video Streams can be Demanding
Although this has been discussed to some extent in an earlier chapter on synchronous
webconferencing, multiple video streams for a lab can be challenging. Multiple video
streams can be demanding on the client, especially in terms of peak CPU utilizations
making the client computer unresponsive for heavy loads.29 A suggested approach is to
adjust the encoding parameters (frame rate and size) in an iterative way to reduce loading
to an acceptable range.
Each video stream process is setup with an encoding profile (video device name, network
protocol, port number, encoding mode (constant bit rate or variable bit rate), encoder type
(e.g.H.263), frame size, frame rate, constant bit rate value and variable bit rate quality
level (0 to 100). In variable bit rate, for a given quality level, the bit rate will vary
depending on the complexity of the data stream (e.g. a high rate of change in a scene will
result in a higher bit rate). Variable bit rates provide constant quality across all video
streams, but bandwidth requirements are unpredictable, whereas with constant bit rates,
the video quality will vary but the bandwidth is predictable.
A typical network protocol used is the Real-Time Transport Protocol (RTP). The system
loading (e.g. CPU/Memory consumption/bandwidth) is constantly measured and once it
reaches a defined threshold, either the frame size (640x480, 320x240, 160x120) or the
frame rate (30, 25, 20, 15) is adjusted downwards, until the loading is back in the correct
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range. If overload is still detected after reducing the frame rate for the first stream, the
next video stream will be reduced. Once all streams have been reduced to their defined
quality levels, the first stream’s frame size will then be reduced and so on. In an
alternative scenario, the frame size can be set as the first parameter to adjust and the
frame rate as the second. This algorithm has proved effective in reducing CPU load.
Strategies to Improve Collaboration by Rejigging Remote Lab Architecture
Close collaboration between (often, groups of) students and instructors working on a lab
experiment can be of enormous help in achieving strong learning outcomes.30 Indeed,
collaboration can simply be a serendipitous encounter between students working on
different lab experiments but who assist each other.
An initial strategy at University of Technology Sydney (UTS) was to run VMWare on the
lab server, thus allowing multiple virtual PCs to operate on one item of hardware. Each
student had a unique IP address for each virtual PC. The virtual machine interface is
displayed on the student’s remote computer, thus there was no need to install licensed
copies of the software on each student’s remote computer. However, whilst multiple
students can observe the actual lab equipment through a video feed through each virtual
machine, only one can view and operate the control software application. A better
approach where control is required on multiple machines is to use the VNC (Virtual
Networking Computing) software. VNC, a remote desktop sharing utility, allows for the
control software application to be displayed on multiple remote machines.
A reported 40% of students at UTS preferred to use instant messaging (text chat) as the
method of communications to their lab tutor. Open source PhpFreeChat was used to
create virtual chat rooms for each lab. Overall this has worked well, but an extremely
slow response was encountered when interacting with the control application on the
server virtual machine.
Laboratory Management Systems
A laboratory management system (LMS) is a useful addition to manage learners, for
managing and allocating resources (registration, instructor availability, training resources
and delivery of online learning) and a scheduling system for the lab hardware.31 In
addition, authoring tools to create lab tutorials, quiz and data analyses are useful features.
The management of an online lab system requires at least the following elements:
•
•
•
•
•
•

Scheduling of experiments.
Delivery of assignments.
Undertaking the remote experiment.
Publishing of the lab report.
Interactive discussions between students and instructor.
Evaluation and assessments.

An Online Laboratory Management System (NETLab) was installed for use at the
Microelectronics and VLSI Engineering Laboratory at the Indian Institute of Technology,
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Kharagpur, India. It was based around Java (for web pages), an Oracle 10g database,
JDBC (to connect Oracle to Java interface) and a JavaScript-enabled browser. There was
a high degree of satisfaction from the students in the use of the system.
Writing Lab Reports
The preparation of a comprehensive lab report is a key part of every engineering and
science student’s education.32 It is always tempting for the hurried instructor to try and
short circuit this process by getting students to complete an online quiz to assess their
work done in a particular lab; however, it is vital for the student to go through the
complete process of writing a comprehensive and competent lab report. This forces them
to think logically, analyze the data, and to communicate effectively in relating practice to
theory.
Instructors should ensure that students know how their reports will be graded with
examples of good reports provided. It is possible if the students achieve a sufficiently
high standard in their first three or four lab reports for the instructor to substitute an
online quiz for part of the work at this point. It is essential to build in some checks to the
assessment process as to whether the student actually undertook the experiment and
understood what they were doing. As lab experiments (and writing up the report) can be
time consuming, instructors should immediately chase up students who are falling behind
with this activity so that they are done in a timely fashion. Trying to do all the labs in one
hit at the end of the course makes for a poor learning experience.
Observations on Great Remote Labs
It was suggested that the following characteristics make for a truly great remote lab:
•
•
•
•
•

Initially providing theoretical background to the experiment, then a simulation
and then finally the remote lab.
Working hard to achieve a strong feeling of reality and proximity to the remote
equipment.
Allowing for flexible study and more effective time management as they can be
done at any time or place.
Being economically more effective than traditional labs; however instructor’s
time and efforts can be the same.33
Prompt support to students with their remote lab endeavors encourages students to
greater efforts as well as increased interest.34

Survey at NetLab
A survey was conducted for the well-known remote lab called NetLab at the University
of South Australia for two undergraduate courses on Electrical Circuit Theory (second
year) and Signals and Systems (third year).35 There was some unease amongst the
students regarding working alone with a student from another country so the team sizes
were increased to four (two from Australia and two from Singapore). It was found that
the team leader role was critical to the success and prior experience with remote labs
makes for more enjoyment and satisfaction. There is minimal supervision (as compared
to the more supervisors in the classical labs) hence training on the use of the remote labs
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and a detailed guide for each experiment is absolutely critical. Initial training can be built
within the standard lectures, using pre-recorded online videos and in introducing students
to remote labs in their first standard lab session.
One issue, which is vitally important, is to ensure absolute reliability of the remote labs at
all times, with some sort of backup server which can be brought into play very quickly.
Nothing can create more irritation than a remote lab that doesn’t perform as required–
especially when the issue is exacerbated by thin technical support.
No distractions
A review of a number of remote experiments for remote networks at the Universidad de
Valparaíso, Chile suggested the efficiency of remote labs is considerably better than the
face-to-face one due to the lack of distractions.36
Broking Remote Lab
A suggestion was to set up a business model providing remote labs based around high
quality experiments through a broker.37 Customers would range from universities and
individuals to industry. The broker would be responsible for overall management (quality
control, handling of payments, allocating time slots and real time monitoring of the labs)
and marketing of the remote labs sourced from a number of institutions. Some potential
problems include a customer’s lack of ability or willingness to pay for this service, and
the availability of sufficient high quality labs.
Formative Assessments
There is limited evidence of formative assessments being used in e-labs.38 Embedded
assessments in remote labs were thus successfully applied at the universities of Colorado
and Houston for five labs ranging from free space propagation and material dispersion in
optical fibers to optical detector characterization.
Remote Labs on their own are Inadequate for Accreditation
It was maintained that the most serious deficiency in an online program is meeting the
ABET requirements for meaningful lab exercises.39 This can be effectively dealt with by
having short duration face-to-face, high intensity laboratory (boot) camps.
Sustainability and Maintenance of Remote Labs
The majority of remote and virtual labs have failed beyond the development phase.40 The
main problem with the sustainability of these labs would appear to be the lack of a
business model after the development phase and the absence of 24/7 access on a
worldwide basis. These labs should be as versatile as possible to cater for a wide range of
participants, ranging from students and graduates to engineers and technicians, and the
learning objects provided should be able to be reconfigured by the educator for her target
audience (perhaps based around an LMS).
Suggestions for improvement to the sustainability are to replace aging hardware and
software. In order to make instrument replacement as easy as possible, software should be
configured (and programmed) at the highest possible level. The graphical user interface
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should have extensive functionality, be as interactive as possible, be easy to use and
provide realistic visualization of the experimental environment.
In order to maintain a high degree of reliability, periodic maintenance on both software
and hardware should be performed, focusing especially on components such as computer
power supplies, batteries and switches and performing calibration where required.
Software errors should be logged and investigated.
University of Technology Sydney survey
A qualitative survey revealed that students at University of Technology Sydney
undertaking two remote labs, Programmable Logic Controllers and the Water Level
Dynamics, considered that increased time and ease of recordkeeping (added to the natural
one of convenience) were positive traits of remote labs.41 There were negative
perceptions about problems with the interface (the poorly configured desktop and video
lag) and isolation from others (and no ability to get immediate feedback to questions).
Scalability of Remote Labs
One of the concerns with remote labs is the issue of scalability in terms of varying
numbers of experiments and clients wanting to access them.42 At the University of
Houston, a proposed solution to this problem was via a scheduler web server that was
used to interface to the client user providing her with a customized direct link to the
experiment. Each experiment included a web service to provide the data and the interface
to the client. All management of users and authorization was done through the scheduler
web server.
Pedagogical Implications of Remote Labs
While there is a strong focus on the technology of remote labs, there has been very little
emphasis on the pedagogical implications of the technology.43 The University of South
Queensland created a learning activity for primary school students (13 aged between
seven and 12 years) based on their Remote Access Laboratories (RAL) entitled Robot
RAL-ly. This was based around remotely controlled track-based robots with webcam
monitoring and an arena in which to stage the event. A race course had to be designed by
each team for their robotic equipment. They then had to remotely navigate their way
around the other team’s track. Several themes of autonomy and motivation emerged:
collaboration and teamwork, communication, problem solving, learning transfer and
reflection and metacognitive awareness (of the skills and learning built up).
Remote Controlled Power Switch for Cycling of Power
It is possible to incorporate a remote-controlled power switch (for the lab equipment and
PCs) through the PSTN telephone network (by simply dialing up) to perform a power
cycle when the system locks up.44
Problems with Java
The most commonly used approach for control and monitoring of remote devices and
labs has been the Java Applet.45 However, this has been proved difficult for applications
where the IT administrator doesn’t allow for installation of additional software. Java and
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Flash take time to load up, and use of the Applet on non-Windows operating systems can
be problematic.
A well-reasoned suggestion is to use JavaScript and XML together with LabVIEW with
the following proposed structure. The Apache Web Server (with the server scripting
language being PHP) has MySQL multithreaded multi-user SQL database running on it.
Both Apache and PHP are free to use and modify.
JavaScript is used for the scripting on the client and follows Java and C syntax and is
supported by most web browsers such as Firefox, Google Chrome, Safari and all Mozillabased platforms. XML (eXtensible Markup Language) is used to send create custom tags
for sending data over the internet. HTML is used to define to the browser the text and
graphics layout of the website and is used with CSS (Cascading Style Sheets) to provide
styling to the HTML elements.
The following operation is followed with LabVIEW from instrument to the client
interface:
•
•
•

The data acquisition board sends its data to LabVIEW.
LabVIEW writes its data to the MySQL database and flags it as ready.
The PHP script reads the values from the database and returns it through XML to
the client interface.

Ease of Use is Vital
It is critical during the use of remote labs that you make it as easy as possible to use.46
This is especially for an impatient audience (as many students are) who want to perform
their experiments with minimum queuing to use the experiment and little to no downtime
with the remote equipment. Having the real lab remotely located with all the attendant
communication problems can make the whole process unworkable and you may need to
consider simply using less realistic but logically easier local simulation experiments.
11.5 Converting from Traditional Labs
As noted earlier, there are various choices when converting a classic lab-based course to a
distance learning one. This includes removing the exercises from the course, replacing
labs with virtual labs, providing each remote student with a lab kit or having a mobile lab
that can be taken to each remote site.47 Another option is to use remote labs.
Careful measured consideration should be given to whether a traditional lab experience
can be converted to a remote lab or not, based on optimizing the learning experience.48
The Fluid Mechanics course unit at Curtin University was used to demonstrate the factors
that need to be considered in converting a traditional lab to a remote one. These included
such elements as:
Visualization of flow patterns. It was vital for a student to see the laminar and turbulent
flow patterns. With appropriate webcams, it is possible for the students to have a better
viewing experience remotely than in a crowded lab.
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Lab scheduling. In the fluid mechanics lab, there were over 500 students who had five
weeks in which to undertake the lab on one piece of equipment. Remote access on a 24/7
basis widened the participation possibilities enormously.
Participation within the lab itself. With this large number of students, they were broken
into teams of tens or more. This reduced the individual student's learning experience and
a remote lab could significantly improve an individual's time in working on an
experiment.
Repeating the lab session. It is only once the student has commenced analyzing results
that they may need to repeat the experiment to gather missing data. Under the current
scenario this was only possible with remote labs.
Satellite campuses. Curtin had another satellite campus at Miri in Malaysia. Engineering
students at this campus would be able to access this lab remotely and thus obviate the
need to build another residential lab on the Malaysian campus.
Variability of physical parameters. There was concern that students would misinterpret
the dynamically varying measurements of flowrate and ascribe these as faulty.
Alternatively, if the software averaged out the changing parameters, these would not be
interpreted correctly by a remote student.
Remote measurement and control. It would be easy to digitize all fluid measurement
parameters and to perform control of the pump's speed on a remote basis.
Missing sensory information and true tactile hands-on activity. There is often some
disconnect with remote labs in terms of feeding back appropriate stimuli to all the senses
of the remote student observer. For example, the smell of hot oil and the sounds of fluid
running through a pipe are a key part of the experiment and would be missing from the
experience. The tactile sensation of adjusting the stopcock to allow more fluid to flow
would also be missing (and be replaced by a simple setpoint change on a computer).
Overall, in consideration of all the factors above, on balance it was thought appropriate to
convert this lab into a remote lab with a positive outcome for a student. These factors
could be aggregated into the three categories: learning (due to more individual access),
equipment (due to no specific skill required with the lab hardware) and cohort factors
(large number of students with low level of access).
11.6 General Requirements
There are generally two approaches to people working on remote experiments; either as
one person or as a team where one controls the experiment and the others merely
monitor.49
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There are three different profiles for working with remote labs.50 These are:
•
•

•

The students should be able to book a lab for a specified time, undertake the lab,
upload or download data and communicate with each other.
The instructor should be able to configure, modify or set the parameters for the
labs (e.g. duration), assess the student results, communicate with students both
synchronously or asynchronously.
The administrator should have the same privileges as the instructor but in addition
should be able to configure new users with their passwords.

Some suggestions for participants working in the labs were:51
•
•
•
•

A strong theoretical background on the subject matter is necessary.
The training phase must be carefully planned with collaboration with other
learners arranged.
Interactivity must be made as high as possible with extensive control and data
acquisition of equipment.
Learners must be thoroughly assessed at the conclusion of the work.

The Remote Lab Assistant
It is ideal to ensure the only interaction is between the remote participants and lab
apparatus, but sometimes a lab assistant will be required to undertake the following
tasks:52
•
•
•
•
•
•
•
•

Correcting of malfunctions.
Resetting equipment and computers.
Assisting remote users.
Tripping breakers.
Replacing parts.
Moving cameras/microphones.
Altering connections.
Cleaning up and preparing new experiments.

Design Issues for remote labs
The following issues are important to consider when designing remote labs:53
•
•
•

Modularity, expandability and scalability.
Easy interfacing to existing communication standards.
Computer platform independence.

Thorough testing of the complete system before release is necessary, mainly due to its
complexity.54 In addition, registration and booking for lab resources is critical to handle
the inevitable peaks in demand by students (doing their tasks immediately before
submission of their lab exercises). For those more complex labs, with multiple students
working together, it is important that the software supports a collaborative approach.
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Finally, real time access to a lab is regarded as far more useful than a queued batching
(and off-line) approach, especially for individuals being exposed to the technology for the
first time.
Remote labs have some demanding requirements:55, 56, 57
•
•
•
•
•
•
•
•
•
•

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Integration of different items of data such as real time process data, interaction
with other students and multimedia data.
Achievement of Quality of Service parameters.
Multi-platform, easy to install, secure and cheap (or free) student client software.
The ability to download the data gathered for later analysis.
Simultaneous access for multiple players such as instructors, administrators and
students.
Easy management of students, resources and assessments of experiments.
Reliable software. Exacerbated by the remoteness, any problems will irritate
students.
The ability to be powercycled remotely to recover from crashes and to be placed
into a defined initial state.
A remote lab that is a clearly defined and required part of the course and offer
value to the student.
The lab must offer a wide variety of experimentation, thus allowing the bright
students considerable latitude in experimentation; a simple cookbook lab with
limited scope for experimentation lab will bore them.
Ease of use.
Portability of all equipment.
Control of remote objects.
Ability to collect large amounts of data from the remote site.
Ability to archive all the interactions.
True interactivity between local and remote sites.
Ability for students to access all PCs in the lab.
Ability to manage all lab resources easily and effectively
Simple remote access.
Robust equipment.
Responsive test equipment (with minimal delays).
Extendable practical exercises.58
A simple, effective and easy-to-grasp user interface.
No additional hardware or software required for the client or student machine.
24/7 availability.
Minimal or no interaction and support required from on-site lab personnel.
No perceivable delays in the operation of the lab.
An interesting and attractive experience for students (with audio and video
support to improve the experience).
A built-in computer interface (via Ethernet or USB).
Electronically-based lab sensors.
Video and web tutorials to explain the key attributes of the remote lab.
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•
•
•

Secure client, server and remote lab equipment.
The ability for students to actively participate in the lab experiments with
decisions that will impact on the final results.
Experimental results that are subjected to analysis through proof-testing,
comparison to standards (including degree of error).

The more immersive the experience in a remote lab, the more likely it is to be considered
by a student to be useful.59
The student interaction with a remote lab should be as close as possible to that with an
actual lab.60
For maximum impact (not absolutely critical), the dynamic behavior has to be visually
observable. So temperature measurement may not be as powerful as motion control, for
example.61
The dynamic behavior has to be (as Goldilocks is wont to say) “just right”. Neither too
fast (otherwise this is lost on the slower internet-based video) or too slow (where the
interactivity is lost).
The entire system has to easily and automatically revert back to an initial state ready for
the next student. Having a full-time technician present all the time is simply not
economical.
A good design concept to focus on is based around authentic learning environments.
Authentic Learning Environments as Applied to Remote Physics Labs
An authentic learning environment (as discussed in Chapter 2) was established for the
remote physics labs at the Berlin Institute of Technology for the following reasons:62
•
•
•

•
•
•
•

The context of the work is authentic as the remote labs are authentic to a future
career as engineers.
It comprises an extended set of experimental, analysis and report writing tasks to
be performed over several days.
Students examine the remote lab from a number of different perspectives such as
details of the experiment, videos, simulations, remote experiments, wikis and
discussion forums.
The students collaborate in groups of three to undertake the experiment, analyze
the data and write the report.
The students have choices in what experiments they undertake, how they structure
their groups and what time line they use to perform the experiment.
The work is performed across different subject areas and requires skills ranging
from scientific to analysis and report writing.
The final product (the report) represents the culmination of the work and is a
polished product in its own right.
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•

•
•

A range of competing solutions and diversity in outcomes could be seen by the
method of undertaking the experiments, structuring the groups and writing about
the results of the experiment.
The assessment was seamlessly built into the remote labs and was built around
ability to perform the experiments, analyze the results and prepare the report.
Ill-defined activities were not obvious but could be seen by the way the students
structured their groups and wrote their reports.

11.7 Software Requirements
It has been suggested that software aspects tend to be neglected in the design of remote
labs.63 Client software can be classified into two main categories: desktop (applications
that run on the computer) and web-based (browser-based). Desktop applications (incl.
C++, C#, Java, .NET, Python) are generally more powerful than browser-based ones and
can result in 3D graphics generation (something which would be difficult to achieve with
web applications). Note the golden rule: the more powerful a technology, the less
universal it is. However, web-based applications do provide more portability and less
intrusiveness (access to hard disk, read any file on a computer). The main challenge with
increased intrusiveness is compromising the security of the client’s machine.
The challenge in using non-http based technologies is the need to reconfigure a firewall
to allow communications to the remote lab from the server. Hence, web services are often
preferred but the drawback here is performance; they are normally slower than
proprietary technologies.
Certain characteristics were listed as critical by the University of Deusto in assessing
client applications for the optimal technology. These included:
Universality: Ease of access of the client with minimal restrictions.
This includes such elements as cross platform (operating on different operating systems);
accessibility (for disabled people) and compatibility with web browsers.
Security/Standards: A high level of security based around secure standards.
This includes such elements as intrusiveness (e.g. permission to access hard disk or
establish a connection); standardization, installation required (e.g. software installation)
and network protocols available.
Power: The level of power of the client.
This includes such elements as audio/video, bandwidth efficiency, flexibility for different
contexts and ability to be used on different mobile platforms.
Development work: How easy and effective the tools provided can be.
This includes such elements as development tools, price, independence of developers and
users from provider and the size of the community of developers.
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According to the survey, AJAX was the technology of choice. However, its main
disadvantage was lack of audio and high quality video (which could be provided by
Adobe Flash or Java).
Of three server technologies (Java, .NET and Python), Python was considered because it
is a powerful dynamically typed language with strong open source support, it is fast to
develop and large blue-chip companies use it.
Use of Web Services in a Remote Lab
LabVIEW implementations of remote labs requires users to download a large 100MB
LabVIEW plug-in or a specific Java runtime engine. Another, simpler, method is to use a
web services approach. Representational State Transfer-based (ReSTful) web services are
a class where messaging is achieved by getting the client to send requests using HTTP
(such as GET, PUT, POST and DELETE) while receiving XML responses.64 LabVIEW
has had web service capabilities added to it, by exposing the inputs and outputs of
instrument controls as a web service. Thus any kind of client such as a JavaScript-enabled
web browser can communicate with a remote server with the lab equipment (including
LabVIEW) connected to it.
An AJAX (Asyonchronous JavaScript and XML) client was set up in a web browser with
support for a JavaScript XML HTTP request. The instrument acquires the test data, and
this is sent using an XML data in response to a newDataRequest from the client browser
(sent every second). The data are small with a delay in transporting of about 100ms.
This approach with the use of web services was applied to an undergraduate course in
solid state electronic circuits with the remote lab-based on tests (such as extraction of the
threshold voltage parameter of the MOSFET) on transistors fabricated as part of the
course.
Use Cases
A collection of use cases (courtesy of Rainer Bartz and Daniel Cox’s comprehensive
work in this regard) for remote labs include:65
Registration of a User with a Remote Lab. Before access is provided, key elements of
information are required from a user (before being formally approved).
Log in Process to Remote Lab. A log in procedure is required before the user can
commence using the remote lab.
Management of Time Slots. Users prefer not to be kept waiting for access to the remote
lab, which is a scarce resource, and hence some management procedure for guaranteeing
a user access at some mutually negotiated time is required.
Selection of Lab Model and Experiments. When a user commences work, she should be
able to access both a specific model and experiment (of which many different types could
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run on one model). Only one experiment can naturally be run on a model at a specific
time.
Configuration and Execution of an Experiment. Typical configuration parameters for an
experiment include duration of experiment, sample times, filtering, and PID constants.
Retrieval of Experimental Results. The main reason for running an experiment is to be
able to access authentic results through either a push (all results sent to user once
experiment concluded) or pull (user has an interactive way of viewing the results).
Change of User Information. Users should be able to modify their parameters and also
retrieve details of old records (including handling the issues of loss of password).
Management of Configuration and Result Data. Old configuration parameters of an
experiment should be saved, thus saving a user from re-entering these data values for
every experiment attempted. In addition, all data from previous experiments should be
saved for later retrieval (including means for archiving it or deleting it eventually).
Administration of a Remote Lab. Typical tasks in this respect would include such
elements as (dis)approving a new registration, disabling an existing user, provision of
data to users, modification of time slots, disabling of current experiments or models.
Finally, management statistics on usage of remote labs and users are also useful to
review.
Entities and their Attributes.
The main entities (courtesy of Rainer Bartz and Daniel Cox) are as follows:
•

•
•
•

•
•

User Entity. UserID / LastName / FirstName / UserEmail / LoginName /
Password / Active / Admin / RegisteredOn / Purpose / Salutation / Organization /
OtherInfo.
Admin refers to administration rights provided (or not). Active indicates whether
the user is actively involved working on the remote lab at the time.
Model Entity (the Physical Equipment). ModelID / ModelName / ModelURL /
Active.
Experiment Entity. ExperimentID / ExperimentName / ModelI D /
ResultsTableName / ParameterNames / ParameterUnits / ExperimentURL /
Active.
Any number of experiments can be defined for a specific model. The
ParameterNames and ParameterUnits comprise comma-separated strings. The
Experiment entity is activated (and made visible to students) when the
administrators have confirmed that it is working fine and should be added to the
list of active experiments.
LoginInfo Entity LoginID / UserID / LoginStart / LoginEnd.
The LoginID is purely for internal indexing purposes.
ReservationInfo Entity. ReservationID / UserID / ModelID / StartYear /
StartMonth / StartDay / StartHour / StartMinute

374

•

This stores the reservation details for each user. It is obviously crucial to avoid
having two users with the same time slots.
SessionInfo Entity. SessionID / UserID / ModelID / ExperimentID / SessionStart
/ SessionEnd / Active / DataExist.
This records a session that a user engages in. The DataExist indicates that there
are data resulting from the experiment.

Design of Graphical User Interfaces
Although the focus in remote labs has often been on the technical aspects of interfacing to
the equipment and making the lab available to a remote user, the graphical user interface
(GUI) must surely be the most critical feature of a remote lab as this is the link between
user and lab.66 One major limitation of remote labs is the poor interface design. Many
complaints relating the use of remote labs have been related to the difficult or buggy
operation of the graphical user interface.
More emphasis should be placed on proper user-centered interface design.67 Having
realistic looking interfaces (similar to the real-world lab) should be the focus rather than
the usual alternative of providing circuit schematics. An example with testing an op amp
would be to provide a realistic picture of the chip and the resistors with switches (for
connecting them in and out) on a circuit board rather than an electronic circuit schematic
of the op amp and resistors.
A few suggestions for good design of graphical user interfaces include:
•

•

•
•

It should be intuitive and idiot-proof (or as we often joke, orangutan-proof) in its
construction. It should not distract the user from the actual experiment and
equipment and should effectively be transparent. The KISS (Keep it Simple and
Stupid) principle should be kept in mind.
It should be as authentic as possible and reflect real equipment used. This may
contradict the previous comment; as some equipment operation can be rather
obtuse and most are rapidly migrating to PC-based software interfaces, anyway.
As in a traditional lab, it should allow for multiple users working together in a
collaborative environment.
It should run on a standard computer connected to the internet with minimal
software add-ons (preferably within a browser), all of which can be accessed
freely on the web.

Other important design principles, which also relate to the overall design of the system,
are:68
•

•

The GUI should reflect the status of the remote lab equipment as quickly as
possible without any irritating delays (including confirmation of the control
actions performed by the user).
All terminology used should be in simple user language rather than arcane, jargon
that’s difficult to understand.
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•

•
•

•

•

•

•

•

There should be a quick exit from unwanted selections. When the user makes a
mistake with an erroneous selection, she should be able to exit quickly without
having to engage with a long drawn and often incomprehensible dialogue.
The entire interface should be consistent and maintain standards throughout in the
use of language, status and control actions.
Actively assist the user in avoiding errors. A good design will prevent the user
making errors and perhaps ask for user confirmation for a particular action if there
is perhaps some unavoidable ambiguity.
Avoid requiring the user to remember particular steps in using the GUI. All
actions and interpretations of the GUI should be easy to understand or instructions
on how to use a particular feature easy to retrieve. One should avoid requiring the
user to memorize particular steps.
Accelerate the expert user to her destination. The experienced expert with the
system should be able to quickly learn how to take short cuts, especially with
tasks that are repetitively done that would be transparent to the novice.
Treat every word in the dialogues as gold. Avoid overwhelming users with
irrelevant words that can be confusing and are not as easy to interpret as objects.
The fewer words used, the better; every word should be meaningful and simple.
Bear in mind that many users will not have English as their first language.
Recover gracefully, quickly and knowledgeably from errors. All error messages
should be easily understood (and avoid error codes) showing the user where she
has gone wrong and how to rectify the problem expeditiously.
Documentation and help dialogues are normally minimized in a well-developed
GUI. The system should preferably be used without any documentation. In the
worse case scenario where it is required, it should be focused on the problem in
hand and express a solution in simple English.

11.8 Overall Design Considerations
A designer of a remote lab should consider the following issues:69
Type of Experiment
•
•
•
•

How will the architecture impact on the experiment?
Can the experiment be shared simultaneously with multiple users (i.e. time
division multiplexing)?
If no simultaneous sharing is possible, how much time does each user require and
how will queuing affect her?
Are video streams required and if so, at what resolution and frame rate?

Scalability
•
•
•

How does the architecture respond with peaks in users?
What is the limit?
Is the scaling horizontal (more nodes meaning more connections) or vertical
(more memory and CPU to one node means more connections)?
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Maintainability
•
•
•

Can the remote lab be integrated easily into the IT services of other universities?
Is there an advanced user management system in place with multiple types of
users (e.g. instructors, lab administrators, users, system administrators)?
Is there a detailed statistical log provided of users?

Security
•
•
•

Is security a key part of the design?
Are secure communication protocols supported (e.g. to avoid code injection such
as SQL/LDAP/XParth injection)?
What security policies have been developed for the remote lab development?

Dependence on Protocol
•
•
•
•

Does the architecture require a specific topology and type of protocol?
Are the different experimental kits and application servers required to be in the
same physical location?
Are multiple protocols supported for different requirements (e.g. binary for real
time interaction with a device)?
Do the protocols change based on the security requirements?

Service Oriented Architecture
•
•
•
11.9

Is the architecture based around a service-oriented architecture?
Is the remote lab deployed as a service (such as SOAP) or is it for purely browserbased clients?
Can other services be built upon the top of remote labs?
Jump Starting Remote Labs

Why the Slowness in Migrating to Online Labs?
A few reasons are blamed for the tardy movement across to online labs.70 These include
the time it takes to convert materials into online format and necessary training of staff,
transfer credits for online lab courses being unacceptable to other institutions, faculty
resistance, reluctance to embrace the new online instructor role (as a “guide on the side”
rather than a “sage on the stage”), costs to change over, doubts about whether online is a
better approach to the traditional way, the ongoing investment in time to present
successfully online and finally, liability for the student performing labs remotely.
The following are other barriers to adoption of remote labs:71
• Poor understanding of what remote labs are and how they can add value to
engineering learning.
• Poor understanding of pedagogy in the remote lab environment.
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•
•
•
•

The transformation of learning tasks from those for a classical to a remote lab.
The necessity of more learning activity development in the remote lab area.
Technical expertise that needs to be developed in constructing and conducting
remote lab experiments.
Extensive time and effort required in this new domain.

Popularizing Remote Labs
The main issues that have to be dealt with effectively to popularize remote labs include:72
•

•
•
•
•
•
•

The design of remote labs is an amalgam of a number of different engineering and
computing disciplines such as data acquisition, networking, web security and
mechanical and electrical engineering.
The design of remote labs needs to be made more modular with a common
framework to provide quicker and easier design and construction.
Commercial off the shelf products (COTS) are needed to accelerate the
improvement of the design and development of remote labs.
As Learning Management Systems are a key element in online learning, they need
to be more closely integrated with remote labs.
Maintenance of remote labs is an unusual skill and more effort needs to be put
into training staff to be able to support this technology.
There is a low awareness by academic administrative staff in this technology and
thus there is no support follow-through once a remote lab has been constructed.
Finally, industry needs to embrace this technology more widely, as it can be
enormously useful for remote support, training and remote diagnostics.

The recommendation was made to have a common integrated framework (especially for
indexing facilities, unique log ins, file sharing and seamless access) in order to have a
global network of remote labs.73
Concerns about Underutilization of Remote Labs
Remote labs have been around at least since 1996 with a rapidly increasing number being
launched.74 Although there is admittedly no hard evidence available, there is anecdotal
evidence that remote labs are underutilized (and in addition, represent an unrealized
opportunity). For remote labs to be adopted, they need to be perceived as useful and easy
to use and there needs to be peer enthusiasm for the technology. A few suggestions to
increase the take-up of remote labs included providing support to academics in the design
process, helping align the labs with learning objectives, training in their use and
interaction with others who have successfully installed the remote labs. Finally, there
should be provision of sufficient time and resources for academics to study and apply the
technology.
Finally, the painful observation is made that despite their being over a decade of work
done on them, most remote labs end up being shut down after their funding dries up.75
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Commercial Software Offerings
One of the surprising things has been the lack of much commercial software development
for remote labs. Electromeet, put together by the authors, is one commercial offering but
other than this, there is not much else around. However, one notable example of a
commercial lab offering is NETLAB+.76
The Net Development Group has developed the remote lab system NETLAB+ with a
focus on Cisco Networking Academy program. Colleges that have been using the
NETLAB+ appliance have been Stanly Community College (North Carolina) and
Honolulu Community College (Hawaii) for their computing, networking technology and
information systems security programs offered completely in an online format for twoyear degree programs. NETLAB+ also provides support for virtual machines, being a
remote PC that operates on virtualized hardware (from such companies as VMWare).
Large Scale Deployment of Remote Labs
Little research has been conducted in the area of large-scale deployment of remote and
mobile labs especially as far as infrastructure and network security.77
The following are considered minimal requirements for large-scale remote laboratory
deployment:78
•
•
•
•
•
•

Simple user interfaces.
Standard internet protocols.
High level of computer and internet security for all components.
High level of scalability.
Remote lab management functionality.
Sustainability.

11.10 Conclusion
Online labs are an important addition to online learning to provide easier access to the
wider community, improved active learning and allowing for more learning via discovery
through experimentation and associated trial and error, for example.79
Remote labs are acknowledged as providing the affordable real world experience.80 It is
possible that if the interest in remote labs grows dramatically, there will be a vibrant
industry of provision of remote labs located throughout the world, perhaps brokered by
private companies.81 There are already examples of low-cost remote labs available for
rental in the IT training and certification area (e.g. configuration of routers). One
suggestion is that distance learners using remote labs as opposed to attending compressed
lab sessions intermittently on campus may be able to bond more closely when working on
the web in an asynchronous community and thus to form a community of learners.82
There are nevertheless some doubts about whether remote labs would ever be able to
replace hands-on exercises in a real laboratory, but the hope is that in providing a holistic
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training experience, remote labs will be combined with virtual and the conventional faceto-face ones.83
Rather than having a one-dimensional approach, ultimately, a blended approach with a
combination of remote labs, simulations and classical labs is probably the optimum
solution. For example, students could begin the lab work in a conventional lab and then
continue the work after hours by accessing the same lab remotely.
It should be noted that remote labs can’t replace all face-to-face lab and field training.84
For example, troubleshooting strange malfunctions of equipment often requires on-thejob training with an experienced mentor. Most students still indicate that they would
prefer conventional labs providing real hands-on experiences as they feel they learn more
from them.85
It is likely that a mixed or hybrid approach of using remote labs as a supplement to the
normal residential labs is the way to go for an undergraduate experience for someone (as
a 17-year-old) who has not worked with the nitty-gritty of engineering in practice.
Another area where remote labs have an unassailable advantage (even for 17-year-old
undergraduate engineering students) is in developing software for an expensive
development tool for digital signal processing. Microprocessor development tools can
change frequently and can be very expensive. At the end of the day, a remote lab is
considerably better than watching a video of a lab if this is all that is available.86
The hybrid approach offers an opportunity for an excellent learning experience. Initially,
the basic theory is reviewed, then a simulator is used to illustrate the basic principles and
the session is concluded with a hands-on real lab, but this approach should be restricted to
students who have built up a solid degree of experience in working with real components
and equipment (as opposed to those who have never worked in a real lab before).87
One of the surprises with the growth of remote labs is the lack of connectedness to other
online learning resources (such as a complete course with a series of remote labs forming
an integral part).88
Finally, in constructing remote labs one should not forget an outstanding interface and
interactivity between the instruments and the web conferencing software and the
instructors and learners. And naturally, as with the classroom-based training, the course
materials and instruction should be of the highest quality.89
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Key Points and Applications
Chapter 11
The following are the key points and applications from this chapter entitled: Remote
Laboratory Approaches.
1. Learners find a well-constructed remote lab with a simple interface useful and
equivalent to that of a traditional lab, but there are misgivings about the lack of
authentic hands-on work.
2. A typical architecture comprises a learning management system through which
learners access a series of lab servers which allow access to the actual lab
equipment.
3. There are five main components of a remote lab:
• Web and database server containing user accounts, experimental
documentation and monitor of students’ experimental activities.
• Collaborative server allowing for a synchronous web conferencing
experience.
• Experimental computer connected to switching matrix.
• Switching matrix allowing for remote switching of experimental
components.
• Experimental equipment.
4. Successful remote access technologies include Teamviewer, GoToMyPC and
LogMeIn.
5. Some elements required to build a successful remote lab include:
• The need to avoid errors in the operation of the labs due to the distance and
possibly multiple users accessing a lab.
• System response time of only a few seconds (preferably a maximum of 150
milliseconds).
• Time scheduling systems for multiple students trying to access the same lab.
• Importance of Reality with easy-to-use graphical user interface.
• Good lighting.
• Well-trained instructors.
• Lab work counting towards the final result of the course.
• Encouragement for frequent use of the labs
6. Some design principles for the Graphical User Interface (GUI) for remote labs
include:
• Keep it simple and intuitive.
• Authenticity should underpin everything.
• Multiple users should be able to work together.
• The student should be able to interface with a standard computer with
minimal software add-ons (preferably within the browser).
• The GUI should have no delays displaying key information.
• All terminology used should be in simple English.
• There should be a quick exit provided from unwanted menu selections.
• Interfaces should be consistent and standardised.
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• Avoid requiring user to remember particular steps with the GUI.
• Error messages should be easily understood.
7. Overall design considerations:
• Type of experiment (how will the architecture impact on the experiment;
multiple users and queuing issues).
• Scalability (how will system cope with peak number of users).
• Maintainability (integrated easily into overall IT services).
• Security (is this a key part of the design, and are secure communications
protocols supported?).
• Dependence on protocols (architecture requiring a specific protocol).
• Service Oriented architecture (deployed as a service or browser-based
clients).
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Chapter 12
Virtual Teams and Collaborative Learning
“If you think education is expensive, try ignorance.”
– Andy McIntyre and Derek Bok
Chapter Contents
12.1 Introduction
12.2 Definition of a Virtual Team, Community of Practice and Collaborative Learning
12.3 Advantages and Disadvantages of Working in Teams
12.4 The Optimal Team
12.5 Online Tools
12.6 Barriers to Teamwork
12.7 Project Work with Collaboration in Larger Teams
12.8 Collaborative Construction of Knowledge – The Theory
12.9 Case Studies of Virtual Teams Working Collaboratively
12.1 Introduction
Arguably one of the greatest advances made in education in the past decade has been the
use of collaborative learning or learning in teams.1 Due to the growth of the internet and
more sophisticated telecommunication systems, the expansion of virtual teams seems
assured. Students learn better in teams and find it a more enjoyable learning experience.2
The formation of a community of learners is vital for development of successful
collaborative work, critical thinking skills and building up the skills for life-long
learning.3
As Robert Ubell remarked, “Virtual teams replicate the way industry, commerce and
research is practised everyday worldwide”.4
Online forums can drive a very powerful learning experience by allowing the virtual team
to engage in both synchronous and asynchronous debate 24/7–something that would be
very difficult to achieve in a classroom environment. Instructors still play a critical role in
virtual teams by allocating members to each group to ensure optimum results and
naturally, also in facilitating and driving the teams to productive results.
In the construction of online learning courses, these virtual communities of practice
should be encouraged to develop. Some suggestions on creating and nurturing one are to
create projects that teams engage on, and to encourage exchange of contact data such as
emails/Skype contacts. In this instance, a code of practice is essential; we had one nasty
experience with one participant aggressively trying to recruit others to his company,
causing all sorts of problems. Head that sort of behavior off at the pass where possible.
One of the greatest opportunities with online learning on the internet, is the exploration of
community, collaboration and the formation of virtual learning communities based on the
principle of constructivism where learning is achieved by design and construction
activities.5
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In research conducted by Open University, in large universities, the individual student’s
tutor is a key element in their experience. Unfortunately, good peer-to-peer networks
were fairly uncommon.6 It was suggested that at the beginning of their studies, remote
(rural) students should be made aware of the availability and usefulness of online peer
networks which aren’t necessarily subject-based but are simply based around establishing
an online community.
Virtual teams are vital elements of today’s global organization,7 hence skills in working
in a team environment should be acquired by the student well before arriving at the
workplace. This is recognized by engineering accreditation authorities and for example,
the USA engineering accreditation organization, ABET, requires that students have the
ability to work in teams and the ability to communicate effectively.
When structuring teams, if there are typical procedures required that need to be brought
in, it is best to do it before the team commences operation, at which point training them
on new procedures is probably akin to “herding cats”. This process can be achieved by
testing students on those procedures and requiring 100% accuracy before being permitted
to proceed on the course.
The process of coordinating teams (and the individual members) can put considerably
more strain on the instructor with a leap in the associated workload dealing with such
issues as administrative details, interpersonal problems and grading papers not only of
teams but of individual members.
Collaborative Learning Works
Engagement theory, which has support from earlier research (but which has not been
verified with extensive empirical research) from Kearsley and Shneiderman, states that
successful learning can occur when learning activities:8
•
•
•

Are performed in a group collaborative way. This ensures students have to
negotiate meaning and creation of new materials with each other.
Are undertaken in a project setting. This approach is considerably more
interesting than working individually on a problem.
Are based on authentic real-work activities (which also provide something useful
back to the community). This would increase motivation, enjoyment and
satisfaction as it is contributing something to the community, is job-based and
builds on the student’s career interests.

With the plethora of collaborative tools available these days, this can easily be applied in
an online learning context. There is evidence from earlier research that collaborative
learning provides superior learning results to that of working on one’s own.
The following sections define the common terms used such as virtual team, community
of practice and collaborative learning. Next the advantages and disadvantages of a team
are assessed followed by a description of the ideal team. The online tools required for an
effective team are then noted. Barriers to team work are then evaluated followed by a
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discussion of larger team issues. The chapter is then concluded with a discussion of the
collaborative construction of knowledge followed by a few case studies.
12.2 Definition of a Virtual Team, Community of Practice and Collaborative
Learning
Three terms that are discussed interchangeably in this book are virtual team, virtual
community of practice and computer-based (or virtual) collaborative learning. There are
subtle distinctions between these three collaborative structures that are briefly discussed
below.
What is the definition of a virtual team?9 In essence, a virtual team requires minimal faceto-face physical interaction and is often scattered physically using telecommunicationsbased technologies (such as email, Skype, web conferencing, etc.) to communicate often
in an asynchronous manner. Elements that make a virtual team difficult to structure and
to work in, include different nationalities, organizations and cultures. Often a virtual team
will be constituted to tackle a particular project (such as to design an item of equipment)
and will be wound down when the design process has been completed.
As discussed earlier, we often use informal means of gaining knowledge and skills.10
Many believe that they learn more from their peers on the job and via other informal
means. This means, effectively, that highly-structured training courses are not always the
way to go. One informal method of gaining knowledge is through communities of
practice, and in the case of online learning, this can be modified to include virtual
communities of practice. This really refers to a group of participants who share activities,
knowledge and expertise virtually (over the web or via phone or web conferencing) over
periods of time, with a specific goal of furthering their knowledge in a particular area.
Anecdotal evidence shows that the other great attribute of a community of practice for
online learning is that it sustains the group and helps to reduce the attrition rate of an
online learning course. An example of a virtual community of practice would be a group
operating on a semi-permanent basis such as the Industrial Automation group operating
on the social networking group LinkedIn. Members informally join and leave as they see
the need and information is freely exchanged, debated and criticized on occasion.
Another term used frequently is computer-based (or virtual) collaborative learning, where
two or more people work together on an educational project using computers (and the
internet) as the interface. These learners are often located remotely from each other and
use the internet as the communications medium.11 Typical tools used include email, web
conferencing software, breakout rooms, instant messaging, interactive whiteboards and
online team virtual workspaces.
Collaborative learning can be very effective because people like working in groups with
most effective sizes being between three and eight. This form of learning mirrors current
international business practice with the rapid growth of virtual teams.
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12.3 Advantages and Disadvantages of Working in Teams
The advantages of working in teams include:
•
•
•
•
•
•
•
•

•
•

A far better understanding and retention of the course materials than with a
classroom session.
An appreciation of other team member’s opinions and analyses (“seeing through
another set of eyes”).
Other opportunities including learning to research, identify materials and debate
them within a team environment.
A higher level of critical thinking, analysis and assessment when working on a
conflict resolution problem in teams
Mutual stimulation of each other's thought processes.
Increased retention of knowledge.
Higher motivation for learning as one is in a group.
Greater depth of knowledge due to the group interaction, negotiation,
argumentation/challenge, multiple point of view and iterative progression to a
solution.
New ideas and approaches due to the different members of the group.
Reduced attrition rates in (mainly asynchronous) online learning.

Teams are often used as a device by instructors to minimize their amount of work as it
reduces the number of submissions that have to be marked. Admittedly, this is not a good
thing if it reduces the overall quality of the learning experience.
The disadvantages include:
•
•
•
•
•
•
•
•
•

Unequal contributions from different members.
The usual dysfunctional individual who doesn’t want to work with other team
members.
Work that is broken up to such an extent that the team members don’t gain an
understanding of the overall work.
Instability of teams in the early part of the term, as class enrolment can fluctuate
quite significantly.
Personality clashes and cultural differences.
Reluctance to undertake group work because of competitive issues.
Varying levels of ability and knowledge.
Leadership issues with too many or too few "chiefs".
Discordant fragmentation of the group.

Effective Activities in a Virtual Collaborative Group
Typical activities that would work well in a collaborative group include:
• Analyzing case studies.
• Undertaking a team engineering design.
• Solving a multidisciplinary engineering problem.
• Undertaking discussions/debates with synchronous/asynchronous tools.
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•
•
•
•
•
•

Creating and maintaining communities of practice.
Constructing reports and documents together (using Google Docs).
Preparing a team presentation.
Role-playing.
Multi-player learning games.
Working on an online remote lab together.

Techniques to Make your Virtual Team or Community Work
Students tend to have very strong and opposing views on the use of virtual teams ranging
from extreme dislike to enthusiasm.12, 13
Based on the list of advantages and disadvantages, some suggestions for the class
instructor or facilitator on making a virtual team work include:
•
•
•

•
•
•
•
•

•
•
•
•
•

Focus on context specific cases such as those relating directly to your engineering
work, where there is a real possibility of driving real results from your team.
Choose members of the team from different areas of business with different skills.
Allow the students to decide on the team structure. This does have some
drawbacks in terms of not optimizing the class, but it allows them to take
ownership for their group.
Simplify projects. Avoid excessively unstructured tasks if you are unsure about
the groups.
Ensure communication tools are effective from the beginning to ensure the group
works together effectively. Email is not an effective communication tool.
Train the groups to use the collaboration and communication tools.
Ensure the teams are optimally sized.
Motivate the reasons for the virtual team and why this environment is so relevant
in today's world. When working in teams particularly in a distance learning
approach with a wide range of students from different backgrounds (e.g. mature
age students doing the course through distance learning against “young bloods”
on campus), communications is probably the biggest challenge especially when
unstructured tasks are required.
Help the inexperienced members of the team.
Ensure high quality seamless communications with virtual collaboration tools.
Ensure the workload is divided fairly with measurable outcomes expected from
each team member.
Expect and drive support from the management of the enterprise.
Get the teams off on the right foot with a strong commencement. This means that
you need to set clear expectations on what is required both in writing and verbally
in as many places as possible. Get to your know your students and the teams as
much as possible, from their work, career and life story, and get them to introduce
themselves to their class peers. Often this requires a person-to-person chat on the
phone or a meeting if you are physically close.
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•

•

•

•

•

•

•
•

•

•

Select your virtual teams as soon as the course starts. Don’t rely on the class to
break down into teams. It is the job of the facilitator to optimize the structure of
the teams in balanced groups of three to five people.
Avoid dictatorial team leaders. A team leader is important to motivate and lead
the team with all students gaining the opportunity to manage the team. But it is
important for the team leader to enthusiastically motivate and achieve consensual
solutions to assignments. The team leader plays an essential role in unifying an
assignment presentation with a standard style, any gaps filled in and an agreed
level of quality from all team members. The facilitator may need to diplomatically
intervene at strategic times to ensure that everything stays on track.
Ensure full participation from all students. Inevitably, there will be the odd
student who doesn’t want to participate fully (or at all) for a variety of (often
supposedly legitimate) reasons. If the team leader can’t drive this student to
engage, the facilitator may need to intervene firmly and directly as soon as
possible and well before the assignment is due. This may result in the particular
student failing the assignment.
Empower each team with basic communications technology. Initially, it is vital to
set each team up with the necessary technology and an exchange of contact
details. This will be typically a room in a web conferencing package, Skype,
email and instant messaging.
Provide guidance on strategies to work together. Hereafter, it is up to the team to
make the arrangement work and it is not the facilitator’s job to keep driving the
team and the old quoted philosophy of: “sink or swim” is now the name of the
game.
Ensure that team members hold their peers accountable. Rather than having the
tedious task of the facilitator trawling through the team work and discussions; it is
important that the team members hold each other accountable and this can be
either done through peer reviews or providing a specific grade for team
discussions. Teams can also critique each other’s contributions. As indicated,
students are more accommodating with other student’s opinions than that of an
instructor.
Encourage teams to come up with innovative solutions and to compete against
each other and to compare their solutions against that of the other teams.
Reward risk taking and innovation in teams. It is hard to think and make decisions
outside of the “traditional box”; but this should be encouraged as it makes
everyone consider more options. This stretches everyone. Obviously this risk
taking and innovation has to be reasonably logic and rational.
Encourage team initiative and independence. Let teams move on at their own pace
and avoid getting sucked in or actively participating in discussions unless
absolutely necessary. However, provide support and assistance where required.
Do live presentations and clearly analyze the team outcomes. Ensure each team
does a live presentation (using video or web conferencing) to the whole class.
Carefully dissect the problem, provide a suggested solution and provide
constructive and respectful analyses of each team submission, together with the
grades.
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Co-operative vs. Collaborative Learning
A contrast is made between students engaged in co-operative learning and those engaged
in collaborative learning.14 Co-operative learning is an activity defined by the instructor
as to what students do and how they work together, against that of collaborative learning
where students define how they will work together and how they will engage in learning.
Successful collaborative work is highly prized by engineering organizations as most
projects are created by an often multidisciplinary team of engineers. Hence, these skills
are a key attribute in becoming an engineering professional.
Collaborative Distance Learning
Introductory socialization activities are important for building relationships between
members of the group.15 Discussion activities are useful but compulsory contributions to
discussion forums should be carefully weighed up to avoid mechanical contributions.
Peer assessments should be used to assess contributions. Moderation of discussions can
be extraordinarily demanding and the workload should be shared with members of staff
(even those who are not subject matter experts). Assessments of activities can be positive
if they are done in an open, positive and collaborative way and are authentic
representations of the work environment. A method of reinforcing and clarifying the
assessments can be by requiring feedback from students.
Ensure everyone understands that failure at one team assignment should be the motivator
spurring teams to re-assess their approach and to provide an outstanding project solution
on the next occasion.
12.4 The Optimal Team
Two comments will give some feeling for the optimally sized team.16 Jeff Bezos (CEO of
Amazon) apparently remarked that, “If you can’t feed a team with two pizzas, the size of
the team is too large”. 19th Century French engineer Maximilian Ringelmann remarked
that the more people who were pulling on a rope, the less the individual effort. Research
in many different environments has indicated that the optimum size team is four or five.
Obviously, this will vary depending on the size of the class and beyond five, there is an
opportunity for a team member to hide and to freeload. Overall, one should remember
that the aim of the team is to provide a robust learning experience and the precise team
size and structure is not the main objective. Another suggestion is that integrated teams
(comprising on-campus and distance learning students) should be four to five. Solely
campus teams should be three to four, whereas the more scattered distance learning
students should have two to four maximum.
Improving Harmony in Teams
Disagreements are perhaps more likely in a virtual team environment than in a traditional
face-to-face meeting, with the rather “thin” asynchronous communications medium (such
as email) often used, making misunderstandings quite likely.17 Typical sources of
problems range from mismatches in delivery, tasks not delivered by members but
perceived as required, quality and timeliness of deliverables, plagiarism, personality
conflicts and simply miscommunications. Although it does require considerably more
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effort from the instructor or facilitator, the process discussed below does improve team
harmony.
Even before the team commences, a procedure should be circulated to all members on
how the team should operate laying out the expectations in terms of individual
contribution, timeliness, copyright and the need for the team to work together. A copy
should be signed and returned by each student to acknowledge that they have read and
understood the procedure.
Instructors or facilitators can minimize conflict by being actively involved in team
sessions, from regular monitoring, motivating and encouraging to correcting deviations
from good practice. The grade for a team assignment should be significant to ensure
commitment from all members. Typically, this is somewhere between 15% to 30%.
The requirement for a team charter and provision of a grade to its presentation by the
team at the inception of the team can be effective. The team charter should contain such
elements as objectives of the team, listing skills of each member, ground rules and how
they intend to handle conflict. It has also been suggested that a team log should be
provided for each deliverable. This would detail the contribution of each member
together with a review on the operation of the team.
The selection of team members should be ideally done by the instructor, all from similar
time zones and with some balance between strong and weak students. The team should
preferably operate in team rooms, which the instructor regularly monitors. Email should
be minimized and if it is used, the instructor should be copied on all interactions here.
The instructor should take active steps to watch out for conflict and intervene as early as
possible in the process, initially with a general comment to the team and if this still
doesn’t provide the necessary result, directly to the offending members. If this doesn’t
work, then a team teleconference or web conference will be required.
Building Trust
One of the hard-won attributes of working online is building trust and a few suggestions
when working in a team are:18
•
•
•
•
•
•
•
•
•
•

Communicate openly and frequently.
Don’t expect trust without giving it freely.
Be honest and frank in all interactions.
Demonstrate and practise business ethics.
Always ensure that you deliver in a timely fashion what you say you are going to
do.
Be consistent and predictable in all your actions.
Demonstrate from the start that you are keen to interact.
Ensure you are freely available and respond quickly.
Keep discussions and interchanges confidential where required.
Ensure there is social time for interaction with the team.
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Team Peer- and Self-Assessment Reviews
Everyone knows, often from personal experience, of the difficulties in assessing the real
contribution from each team member.19 A way around this challenge is to get each team
member to perform a peer- and self-assessment. This also has the side effect of spurring
on the members with a renewed focus on the objectives of assessment (which is hopefully
tightly aligned with the course activity). The idea is to use an online assessment system
that students would undertake to enter evaluations of themselves as well as those of their
peers.
Some suggestions for undertaking these assessments:
•

•
•

•

Ensure the groups are not too small, otherwise the results may be inflated due to
members being more easily able to identify the source of the ratings. If a small
group is formed, the facilitator may need to moderate the results with more
careful monitoring of the group.
Improve the accuracy of the ratings by providing clear instructions on performing
the survey and training in the peer assessment process.
It goes without saying that utmost anonymity and confidentiality is critical in
undertaking a peer review. Any compromise here may mean that the results are
flawed.
This process can be useful as a formative assessment tool to spur on team
members and to motivate the students who don’t particularly contribute in the
early stages of the team.

One of the challenges with team peer reviews is that they generally occur at the end of the
course and thus there is no mechanism to improve team performance during the course.20
Whilst there are doubts about the efficacy of group work due to the possibility of having
students who are lazy or disinterested, there is definite merit in them for learning.21 The
temptation of students not to participate fully in the work of the group has to be dealt with
to avoid burdening a group unnecessarily or giving unfair benefits to any member, and
there are a few suggestions from Ssemakula.
Initially, group members are expected to police themselves. This means that when a
group assignment is submitted, only the names of those who worked on the assignment
are included. We are not sure if this is that effective, as most groups would be too
embarrassed to leave a member out. Perhaps one approach is to get each team member to
give an anonymous score for each member and for the instructors to average this out. The
second suggestion is to allocate a significant portion of the final grade (25%) to the group
assignments. A third approach is to give a bonus to the group when a group in its entirety
achieves above a certain score in a test. This is quite a radical step but the results
apparently have been greater student involvement with the materials, more thoughtful
discussions by students and greater support of each other in preparing assignments and
for a test.
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There are a variety of online tools for assessment of group members, such as
Comprehensive Assessment for Team-Member Effectiveness (CATME) from Purdue
University and the University of California San Diego (UCSD) Peer Review Tool,
allowing one to rate one’s team members. Categories for rating team members include
attendance, listening skills, communication skills, responsibility, leadership and team
building. When all team members have completed the peer review (including of oneself),
the results are averaged and emailed to each student. The UCSD tool has been used
successfully in introductory and senior level design courses.
12.5 Online Tools
Online tools can be particularly helpful in this endeavor. Initially, the instructor should
complete a detailed analysis of what is required for the particular virtual team.22 This will
require an assessment of what type of training you are providing, your current situation
especially with knowledge level of students, what you want to achieve, what tools are
currently available and how these fit into your budget.
An assessment of current capabilities includes identifying bandwidth and
telecommunications systems of students (and instructors), installed base of client
machines and software, security systems and provision of technical support. Other
considerations are whether you need a connection with members continuously or on an
ad-hoc basis. Finally, it is a very brave team leader who introduces new technologies that
are different or incompatible with that which is widely used in the organization.
Typical collaborative communication tools that can be used include:
The Traditional Approach
Although perhaps not as versatile as other more sophisticated software, email and
telephone are probably still the most commonly used method with virtual teams.23 Email
is simple, easy to use and it acts as a store of information. It is unfortunately not easy to
reference, does have a degree of unreliability (there is no effective way of confirming
receipt 100% of the time) and it is not easy to flag a message as urgent. Irritatingly,
people with very little input in a meeting or group interaction get copied into spurious
email messages, adding to the mountain of irrelevant messages. Email messages can also
be easily misinterpreted and any criticisms passed should be avoided.
Immediate Interaction Between Participants
Typical tools here allowing instant messaging include MSN, AIM, Yahoo and Skype.
Skype also provides instant messaging as well as audio (and latterly video) interacting up
to five participants for no charge. Telephones can be used for urgent exchanges or
telephone conference calls. They are ultra reliable but due to their synchronous approach
can make things difficult with time zone issues. An ameliorating technology that is
nevertheless a phone and eases this problem is in using mobile phones with SMS texting,
or the worldwide free texting app, Whatsapp.
Training Presentations and Meetings
There are a variety of web conferencing tools ranging from WebEx, GoToMeeting (and
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GoToTraining), NetMeeting as well as Elluminate and Electromeet. With add-ons, Skype
can also be used in a presentation mode. Some of these tools are compatible with a
telephone bridge allowing one to use the phone for the audio component. It is always
useful to have a recording facility for all these presentations or discussions.
Webconferences are useful in introducing team members, breaking the ice, informing
everyone as to what is happening and to debate issues. A skillful facilitator is useful to
break down the slightly wooden interaction (exacerbated by lower than face-to-face
spontaneity due to the time delays in each person talking).
Collaborative Work
When working on documents (such as for presentations or research) with many members
of the team working together in a collaborative way, packages such as Google Docs may
be useful.
Distribution of Information
Tools that are useful here include blogs (from weblog) that combine text, images and
downloads to other useful information. Podcasts (audio) and vodcasts (video) are useful
ways of recording short chunks of information and can easily be put together using free
packages such as Audacity.
Wikis are also useful to get everyone involved as they allow one to easily add in and edit
content online. Security is achieved by disabling JavaScript and HTML tags. Other useful
activities are social networking sites such as LinkedIn, Facebook, and Twitter, some of
which allow you to create groups.
Surveying the Team
You might find it useful to survey the team members or, indeed, a target audience. In this
cass, survey packages such as Zoomerang and SurveyMonkey can be useful. See also
section 12.4 for discussion of CATME and UCSD.
Google Collaboration Applications as a Tool
Students expect instructors to be applying the latest web technologies, and a growing
suite of tools are those providing online collaboration.24 A widely-used set of tools is
Google Collaboration Applications which includes Google Documents, Presentations,
and Spreadsheets. After creating a free account, you can create and import new
documents and share them with others online. An instructor at Tarleton State University
used this tool for providing quick feedback to students on their documents and this was
reported to increase students’ self-reported level of self-efficacy. Negative comments
were the inability to access documents when there was no internet access, having to learn
new software, technical problems and the differences between Microsoft suite of
equivalent products.
An alternative view of Google Documents was in an engineering project (comprising a
state of charge battery indicator) which initially was only using email in terms of
developing and then improving documents.25 It was, however, deemed impossible with
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teams scattered at different locations to collaborate and WebGUI was eventually selected.
This was because the group were concerned about protection about their intellectual
property which would not be secure with Google Docs (where ownership of IP is
surrendered to Google on use of the facility). WebGUI requires no installation of
software, uses a web browser and includes a word processor, spreadsheet program, and a
presentation editor. It is free, and is interfaced to the usual Google Calendar.
Lessons from a Virtual Team Operating Around an Online Discussion Board
As indicated above, working in teams can help students learn valuable skills of problem
solving and communications.26 These are directly transferable to the world of work where
virtual teams are rapidly becoming a key attribute of many companies (especially those
operating on a worldwide basis). Although there are concerns about working in teams
(especially virtual ones), the overall learning experience is considerably better than
working alone. Problems in working in teams include social loafing and freeloading.
Some valuable lessons were learned in conducting a course in the Psychology of the
Workplace with the virtual team environment operating through the Blackboard LMS
online discussion board. Initially, team members were assigned various roles such as
contributor (to initiate the discussions), critic (to critically analyze the problem) and
summarizer, who summed up the discussions.
The main problems related to lack of (or minimal) active contribution from team
members include domineering personalities and weak social interaction between
participants. The benefits of working in a team were manifold and included selfdiscovery, empathy for others, setting clear work boundaries and communicating
effectively through discussion boards. It was suggested that an important first task for the
facilitator is to encourage initial team building and thus effective operation, by
encouraging introductions and more active socialization.
Social Networking
A social network is a virtual location on the web where people construct an open or
restricted public profile and exchange thoughts with a list of others with similar
opinions.27 Typical exampes of this include Facebook and LinkedIn.
Another means of collaboration or social networking is the use of Twitter. This is one of
the most popular social networking sites and allows short bursts of communications (up
to 140 characters) between a team, group or social network.28 Research has shown this to
be a successful way of professional networking and growth. Four themes emerged from
this research: showing improved access to resources, group support, increased leadership
capacity and finally, development of a “shared professional vision”.
12.6 Barriers to Teamwork
Collaborating on a global basis through virtual teams presents a number of barriers.29
Although a focus of a virtual team in this discussion is in a work related context, bear in
mind that significant learning also occurs. These include time zones and geographical
locations. The best approach is to define the optimum time for meetings and to allow
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flexible work schedules. Early morning or late night meetings should be minimized.
Another possible solution is to have a rotation schedule, but this can be painful.
Trust can be a significant barrier and needs to be built up in the early stages as quickly as
possible through a variety of techniques, including initiating face-to-face meetings, team
building activities, humor, vigorous communication, openness, warmth and encouraging
one-to-one dialogue between disparate team members.
Language is inevitably a challenge and one should be careful about use of colloquial
words and also in interpreting another nationality’s words. Always seek to confirm your
understanding if there is any doubt. Finally, take delight in being different in one’s
language and be grateful that English is being used as the medium of communications
(and thus be accommodating but not patronizing).
Different cultures in a virtual team create interesting challenges, but try and understand
the finer nuances and background of all team members from different countries and
cultures. Delight (again) in having different cultures in your virtual team and regard this
as a positive against the vanilla monoculture.
Different levels of expertise, interests and enthusiasms need to be identified early in the
project and different components of the project aligned with the appropriate individual.
Work hard on matching the different levels of expertise to the project and filling the gaps
and articulating the overall project goals so that everyone can see what they are working
towards.
Ensure that no one is treated like a battery hen and the different work styles are
accommodated but nonetheless the project deadlines, achievements and individual
responsibilities are clearly and continuously articulated. Ensure everyone knows what the
holiday schedule is for all offices and any negative impacts here are dealt with
effectively. Celebrate team events virtually (birthdays and other achievements) and
discuss non-work related items.
12.7 Project Work with Collaboration in Larger Teams
Projects are a key part of assessing senior engineering graduates and comprise research
on the selected topic, writing a proposal, status reports, design and presentation for a
review by faculty (and their peers).30 This is followed by a final document submission.
Traditionally, projects have been conducted on-site, but this can be an isolated experience
(with only two or three students undertaking each project) and one (disconnected) report
for each project. The online approach allows for the whole class to undertake one
connected project with each student completing one aspect of the project resulting in one
holistic submission. One example is automation of the appliances in a home with each
student working on individual aspects (radio/TV/refrigerator/coffee machine) and
connecting back to one graphical user interface that can be viewed through the internet.
Along with the project, each student writes a job description for someone who represents
a company hiring someone to undertake the project. All students participate in the
interviews (on-the-job description and project) using a web conferencing package.

395

12.8 Collaborative Construction of Knowledge – The Theory
There are eight mechanisms proposed by Dillenbourg and Schneider to build up
knowledge while working collaboratively:31
•
•
•

•
•
•
•

•

Conflict or near-conflict (socially learners ignore conflict and try and find a
solution using a verbal interaction).
Alternative proposal (less likelihood of disagreement and thus less bias in search
for knowledge).
Self-explanation (where not only does the less-able party benefit but the process
of explanation reinforces the knowledge of the more-able peer through the
cognitive process of providing the explanation).
Internalization (verbalization of knowledge tends to internalize it better).
Appropriation (by the less able partner of the more able partner’s actions for
future work).
Shared cognitive load (shared working on a problem together where the group
spontaneously distributes roles to the members in executing a task).
Mutual regulation (partners often have to explicitly justify why they have done
something and through these discussions, the partners regulate each other’s
activities).
Social grounding (a speaker monitors his listeners’ understanding and when he
detects, through cues such as facial expressions and gestures, that there is a
misunderstanding occurring, he then attempts to repair this, thus building up a
shared understanding).

For collaborative learning to be effective however, these conditions must be established:
•
•
•

Group composition (small groups better than large groups and some degree of
heterogeneity to increase likelihood of different viewpoints).
Task features (avoiding tasks that cannot be shared and use tasks that lead to
shared learning).
Communication media (ensure that it is adequate e.g. a video link may be key to
showing facial expressions etc.).

Suggestions for successful operation of the remote labs for collaborating groups include:
•

•
•

Hold a warm-up introductory session for the group to exchange non-task related
details (including effective contact details) using both asynchronous and
synchronous tools.
During the execution of the experiment, real-time reliable synchronous
communications is essential using either web conferencing or MSN and Skype.
At the conclusion of the experiment, appropriate collaborative tools for a team to
work with asynchronously, such as Google Docs.
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12.9 Case Studies of Virtual Teams Working Collaboratively
A few examples follow of virtual teams.
Remote Collaboration in Welding
It is productive for engineers who are experts in welding technology to be able to access
welding cells remotely to assist local welders with a quicker response to problems,
improving quality control of the weld, improved reliability and reduced travel time and
costs.32 The National Institute for Standards and Technology set up a system allowing for
collaboration and monitoring of a welding cell.
When a weld is being performed by the robot controller under direction of the local
operator, the system records such parameters as voltage, current and torch position.
Netmeeting software from Microsoft allows audio and video streaming (with a remotely
controlled pan/tilt/zoom camera) between the expert and local operator. A 3D model can
be shown of the welding process with all the data overlaid onto it to help discuss specific
issues.
Team Teaching
A different approach to collaborative working is to have a team of instructors presenting
a course.33 A team teaching approach was used at the University of Utah to present an
Introduction to Engineering Design course using videoconferencing facilities. All
instructors (typically four) attended the classes with mainly older students located on a
number of campuses. This approach fitted in well to the andragogical approach where the
student’s life and work experience were used extensively in the course. A strong peer-topeer collaborative approach was used in the classes.
The course was structured with readings by chapters from the book, “Engineering Your
Future” by William Oakes, with readings and quizzes that needed to be completed before
each class. A different instructor would then lead the discussions via video conference
hookup with homework exercises to be completed before the next class. Every two
weeks, an invited engineering speaker from industry would present on their engineering
discipline. Lab exercises were also set up at two weekly intervals ranging from working
with Excel, testing mechanical quantities such as force and acceleration and simple
network analysis using PSpice. The course was concluded with each student undertaking
a five-minute oral presentation to develop his or her training and communication skills.
Finally, a research paper was required on an engineering topic of interest (such as the
Deepwater Horizon Oil Spill).
Overall, the feedback from students was good with the following reasons attributed to a
successful program: it was presented via distance learning technology, the audience was
adult, administration of the program was of a high quality, course content was wide and
interesting, the instructors were experienced, enthusiastic and knowledgeable and the
course promoted engineering as a career. Future improvements included more hands-on
experiences, more case studies in ethics and design, archiving of presentations for later
review, improving the coverage of the design process well beyond that of the textbook,
increasing level of discussions and driving up the peer-to-peer collaborative activities.
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Collaboration with Remote Labs
It is suggested that remote labs encourage collaborative learning as students have to work
together in teams to achieve a successful outcome as there are no lab supervisors to guide
them along.34 With the NetLab at the University of South Australia, students are required
to collaboratively prepare for the experiment, conduct the experiment and connect up the
instruments with a rather messy ambiguous environment of wires, instruments and
components. The analysis of the results requires a comparison between the experimental
results achieved from the remote labs as against those calculated and simulated using an
appropriate software package.
The Netlab has been operating since 2002 with hundreds of students with most
performing the labs from home. The critical reviews from students show learning
outcomes better than for traditional labs with more lab time, more time in checking
calculations and repeated simulations to check results. This resulted in improved
understanding, analytical and collaborative skills as compared to earlier generations with
the classical labs.
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Key Points and Applications
Chapter 12
The following are the key points and applications from this chapter entitled: Virtual
Teams and Collaborative Learning.
1. One of the greatest advances in education in the past decade has been the use of
collaborative learning or learning in teams.
2. Successful learning can occur when learning activities are:
• Performed in a group collaborative way.
• Undertaken in a project setting.
• Based on authentic real work activities.
3. A virtual team requires minimal face-to-face physical interaction and is often
scattered physically using telecommunications-based technologies to
communicate (often in an asynchronous manner). Virtual collaborative learning
occurs when two or more people work together on an educational project using
computers (and the internet) as the interface.
4. Some advantages of working in teams include:
• A far better understanding and retention of course materials than in a
classroom-based session.
• An appreciation of other opinions and analyses.
• A higher level of critical thinking, analysis and assessment when working
on a conflict resolution problem in teams.
• Higher motivation for learning as one is in a group.
• Lower attrition rates in online learning.
5. Some disadvantages include:
• Unequal contributions from different members.
• Instability of teams in the early part of the term, as class enrolment can
fluctuate.
• Leadership issues.
6. Typical activities in a virtual collaborative group:
• Analyzing case studies.
• Team engineering design.
• Undertaking discussion/debates with synchronous/asynchronous tools.
• Creating and maintaining communities of practice.
7. Some suggestions for making a virtual team work include:
• Focus on context specific cases where there is a real possibility of achieving
results.
• Choose members of the team with different skill sets.
• Simplify projects.
• Ensure communications tools are effective
• Divide workload up equally
• Avoid dictatorial team leaders.
• Ensure full participations of all members.
• Encourage risk taking and innovation.
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Chapter 13
Assessment and Evaluation of Students and Online Learning Programs
“Curiosity is the very basis of education and if you tell me that curiosity killed the cat, I
say only the cat died nobly.”
– Arnold Edinborough
Chapter Contents
13.1 Introduction
13.2 Online Quizzes and Assignments
13.3 Dealing with Dishonest Conduct
13.4 Proctoring Software
13.5 Assessment of Quality of Online Programs
13.1 Introduction
Although the chapter title is perhaps ambiguous, we will focus on good practice in
assessment of students engaged in online programs as well as external reviews of the
quality of a particular program.

Figure 13.1: Various Methods of Assessment
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Initially, we will examine online quizzes and assignments. This will be followed by
reviewing the approaches to dealing with dishonest conduct, which is increasingly
prevalent in both online and residential colleges due to the easy accessibility of resources
on the internet. A way of partially addressing the issue of dishonest conduct using a novel
approach of remote supervision of tests and examinations using proctoring software will
then be examined. Finally, the much-debated issue of quality of online programs will be
examined from a number of perspectives.
13.2 Online Quizzes and Assignments
Formative assessment comprises low stakes formal and informal testing throughout the
learning process, requiring the instructor to modify her teaching and learning activities to
ensure the student reaches and exceeds the required learning outcomes.
Summative assessment (of learning) on the other hand, summarises the development of
the learners for a particular block of learning and hopefully confirms that they mastered
the learning outcome. It should be noted that, no matter what testing scenario is
conducted, formative assessments would appear to provide greater gains in learning than
summative assessments.1 Students who attempt the weekly quizzes and review streaming
videos generally did better in the final examinations (comprising a combination of
formative or summative forms).2
Student Assessments
The evaluation of students should be done both formatively and summatively and based
around:
•
•
•
•

Class participation.
Student contributions during the delivery.
Homework assignments.
Examinations and any online quizzes.

Naturally, the results should be normalized against previous years’ students’ scores so
that every year has a similar range of marks. The students should be required to comment
during a course on the instructor, quality of the course and delivery mechanisms,
allowing for continual and immediate optimization.
Sadly enough, students are really only motivated to do these if they contribute to the final
grade, even if it only contributes a small amount. The top students tended to work
steadily (e.g. as measured by activity on the LMS), whereas the weaker students tended to
work vigorously just before an assessment.
Assessments of Students Done 100% Online
This research was undertaken at the Universidad Nacional de Colombia.3
Two issues were considered here: whether it is possible to adequately assess online
courses that are completely online and how we can verify who is doing the actual
assessment. This was considered in the context of an online Physics course. For a blended
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course on Physics, the final weighting of an assessment mark was done on the basis of:
•
•
•
•
•
•
•

10% for a self-assessment test before and after a class session.
10% for attendance at lectures (typically a minimum of 80% is required).
20% for examinations providing 24- to 72-hour window of attempts with multiple
attempts allowed and random generation of questions from a large bank.
10% for forums based on attendance, quality and relevance of contribution.
10% for workshops that involved group work solving a lab problem where
measurements are done within a simulation (using Java applets).
15% for quizzes done on the basis of the workshops.
25% for the final exam which has a maximum of 36 questions with an average
maximum permitted time of 2.5 minutes for each open ended question (done in
time window of 2 to 3 days).

The key to minimizing the risks of assessment and identification was the creation of large
online banks of questions. The use of the online formats of presentation makes for far less
congested traditional residential classes.
Advantages of Online Quizzes
The key advantages of online quizzes are:4
•
•
•
•
•

Quick and easy access no matter where the learner is.
Instantaneous feedback.
Reuse of quizzes possible.
Multiple attempts are allowed.
Automatic corrections are given .

Students were generally positive about quizzes as they assisted with revision but believed
they needed to be directly related to current lecture material. Students stated that they
were time consuming, and there appeared to be a significant mismatch between instructor
and student’s apprehensions about actual duration. Quizzes were considered useful to test
basic concepts (e.g. calculate resistance of three resistors in parallel) but the jury was out
on testing more sophisticated knowledge.
Online homework modules for an electrical engineering and systems course at Kansas
State University ranged from complex numbers and signal graphing to Fast Fourier
Transforms.5 These were used for nine semesters with mixed results (weak correlation
between online homework scores and final exam results for the 359 students surveyed).
Overall, students appreciated the immediacy of answers but the syntax inflexibility and
requirement for all answers to be correct to receive full credit were issues they were
unhappy with. Instructors found the time saved, consistency in grading and statistics on
student study habits useful.
Web-Based Assessment Tool
A web-based assessment tool for engineering programming students was instituted at the
University of Michigan. Online assessments were taken between the four class
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examinations conducted every month.6 Each student was given three days in which to
undertake the assessment. Collaboration between students was minimized by indicating
the actual score of the assessment did not contribute to the final grade (but participation
was measured). It was shown that students who performed poorly in the assessment,
would have weak results in the subsequent examination. This identification allowed the
instructor to assist the student in succeeding in the examinations and thus in achieving a
higher grade.
Online Quizzes Improve Participation
At the price of a moderate increase in instructor workload, the use of online quizzes (with
multiple choice questions) increases student contact with the lecture material.7 This has
also allowed removal from lectures of simple rote materials and getting the student to
review these elements by going to specific websites and then undertaking confirmation of
understanding by doing a quiz; situated throughout the course. This also allowed for
formative assessment rather than relying on one final test at the end. The strategy
suggested at an introductory biology course at the University of Wisconsin-La Crosse
was to link assignments with quizzes. The assignments were not marked by the instructor
and the quizzes were scored and recorded on the Desire2Learn LMS. Each quiz
comprised five multiple-choice questions with five minutes to complete and two attempts
allowed with the score immediately available at completion (but no answers). Limitations
in the quiz approach can be minimized by cycling of questions from a bank and providing
questions that require analysis of data rather than only in regurgitated memorized content.
Online quizzes should not be merely considered as a method of assessment but also as a
vehicle for increased participation in the class and the learning process, hence a
substantial portion of 10% towards the final grade should be allocated (and the student
should be allowed to retake the quiz).8
At the School of Technology at Michigan Technological University a variation on
assessing assignments for the end of course grade was for students to thoroughly work
through their weekly homework assignments, submit them and then engage in an online
quiz, which was assessed (rather than assessing only an assignment).9 A mid-tern and end
of term examination were also used for overall assessment.
Online Assessments and Poor Integrity
Considerable unease was expressed by auditors of online assessments (referred to as eassessments) of vocational courses in Australia.10 62% of instructors using online
learning for delivery of units of competency were using online assessments mainly for
diagnostics (knowledge and skills before the course commenced) to formative, where
feedback is provided to the learner as the course progresses. The main methods of
assessment included the use of quizzes, blogs and wikis. Specific concerns were weak
validity with e-assessments not validly assessing the skills being tested and weak
linkage between required learning outcomes and assessment. The online quizzes also had
limited reliability and were often done simply to reduce costs. The use of e-portfolios had
grown significantly but there were concerns about the authenticity of the evidence and
validity of the assessment tasks. While there are certainly major problems to be
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addressed, the one workable suggestion was to build up a strong relationship between the
instructor and student over many elements of assessment and thus to authenticate the
work this way.
One suggestion to improve the integrity of examinations is to require the student to
physically attend the campus for a week once during the entire degree program to
undertake their final presentation and to write the requisite examinations.11
Online Assessment Coupled with Instructor Assistance is the Ticket
Research revealed that an online assessment system (with quick feedback) against that of
only using an instructor, showed no differences in results.12 In addition, providing online
assessment and also in providing (20%, in this example) class time to students working
on problems demonstrated a significant improvement in achievement. Hence, use of
online sessions in itself is not adequate, but supplemented with instructor-led sessions can
lead to a significant improvement in results.
Preparation for Examinations
Old exam papers are widely used by students for preparation for an exam (in addition to
lecture notes/slides, tutorials and personal notes).13 A novel scheme was introduced at the
University of Portsmouth in the UK to assist students in this respect using what was
called Examopedia. This used a wiki (initially Twiki and then latterly Google Sites) to
host exam paper questions. Each question was placed on an editable wiki page (with its
associated text, images and data) in the top row. To the right of the question were
comments from the instructor giving some feedback and guidance. There were then an
unlimited number of rows below the exam question (and the instructor’s feedback) with
scope for a student to place in their comments and for the instructor to provide a
comment to each student’s submission.
Google Talk supplemented this allowing synchronous chatting for one-to-one tutoring
where a quick response was required. This was extensively used just before the
examination.
This facility was especially used during the 15-20 days before the examination with most
students not providing much commentary but using it. This was a source of concern from
some students (presumably the active contributors) who felt the passive users should have
contributed more.
Computer Assisted Assessments
Computer Assisted Assessments have a number of advantages including:14
•
•
•

Quicker feedback than the drawn out ones prepared on paper which depend on the
markers returning the scripts in a timely fashion.
Questions can be personalized. This reduces the possibility of plagiarism or
cheating as each question can be subtly different.
Students can submit their assignments anywhere, and don’t have to dart into the
university to drop off their assignments at the midnight deadline.
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•
•

Comprehensive tracking of assignment submission by student is provided so there
is minimal chance of loss of materials.
This approach is good for the environment as it is a paperless process.

Research has suggested that students perform better in online assessments than in the
traditional manner.
Apart from the built in assessment facilities built into the LMS (e.g. Moodle and
Blackboard Vista), there are a large variety of computer assisted assessment systems on
the market. These include Questionmark Perception, Quiz Factory 2, CyberExam, Test
Pilot, Hot Potatoes, Maple TA and WebMCQ.
It is important in setting the assessments up that different numbers are assigned to
different students to minimize cheating. Another subtle issue is to give partial marks
when the student gets the question partially correct. This can be challenging to set up
with some of these assessment packages.
Pre-session Quizzes
Marks makes an excellent suggestion for pre-session quizzes, based on solid pedagogical
research and something that makes excellent intuitive sense.15 Based on our experience,
we can confidently say that most of our study in a university course occurs outside the
classroom and laboratory. However the focus with a considerable amount of commentary
relates to the classroom environment, thus ignoring an area where dramatic
improvements are possible. One area where students are expected to put in significant
effort is in preparatory reading before a classroom (or indeed, online live web conference
session). Inevitably, many tend to do this superficially. This problem is accentuated by
the student’s poor study skills especially in reading (and assimilating) an engineering
tome that is written in a highly organized fashion as compared to one of those delightful
books that are required reading for an English literature course, for example.
Based on Bloom’s hierarchical taxonomy, interaction with instructors and one’s peers
should be restricted to working through the higher level cognitive activities such as
application, analysis, synthesis and evaluation and the lower levels such as knowledge
and comprehension should mainly be done before the class session. Hence, the
suggestion is to force the students to do the reading and then to do a self-test at the
conclusion of the reading. The test or quiz (a less confrontational word) is constructed out
of simple multiple-choice questions interspersed with open-ended questions, as well. The
results of these tests are then sent to the instructor so that she can form a profile of the
students before the next lecture commences. In the research, many students freely
admitted that they wouldn’t have bothered to read the pre-course materials if they hadn’t
been forced to do the quiz. Obviously, the instructor should randomly ask the students
appropriate questions during the lecture, as this is proven to drive them to do the precourse reading.
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The Challenges with Online Examinations
The process of constructing exams for online students is a challenge to ensure that
educational quality is not sacrificed and security is not compromised. Care must also be
taken to deal with students who fear poor performance in the online exam environment.
There is considerable support in the literature for the open book exam approach in
engineering and the sciences. The “honest, open book, open mind” approach is gaining
some traction. Most online exams comprise multiple choice, true/false or short answer
type questions with essay type questions not used extensively. The authors point out the
following issues have to be addressed in the online examination environment:16, 17

Figure 13.2: Open Book Examinations Can Be Effective
Examination security. Where open book exams are used (with no resident invigilator or
remote monitoring), the students must be tested on the concepts rather than regurgitating
the materials where it is easy to copy from their textbooks. Random questions and
problems can be generated from a test bank within the LMS.
Interactivity. Students apparently prefer live tests rather than online ones where
academic staff are available via phone, messaging and emails.
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Equity. In constructing banks of questions that are randomly selected, it is vital to keep
them to the same level of difficulty to ensure equity in the exam process. The suggestion
is that questions contained in the bank should be grouped by difficulty when assigning
them.
Hands-on labs. Many academics in the engineering and science world would like to see
a physical demonstration by the student of handling equipment or dealing with a concept.
One approach is to use screen-capturing software that records the movement of the cursor
across the screen.
Teamwork assessment. Methods for assessment of working in teams should be reviewed
and actively used as this is a key activity for engineers and scientists.
One of the challenging parts of engineering and technology exams is the extensive use of
graphical-based software. The suggestion is made that many software packages (such as
AutoCAD) allow for collaborative work with teams and the contributions from each
student member can be easily measured by reviewing the log of each student's activity.
The other approach for collaborative work is to provide a discussion (virtual) space that is
only accessible by students and the instructor. It is relatively easy to review the
contributions from all members of the team in this way.
Preliminary results indicate that students who do their exams synchronously (or live) tend
to do better than those undertaken asynchronously.
Ethics. The Accreditation Board for Engineering and Technology (ABET) has placed
significant emphasis on the ethical responsibilities of engineers and this needs to be
demonstrated by the students especially in an online environment. Thus students must
read an ethical guideline and agree to it before they undertake any (online) examinations.
“Open Book, Open Web” Exams Superior to Closed Book
Research conducted by U21Global, an online university servicing approximately 4,000
students in around 60 countries indicated that “open book, open web” exams are a
superior form of assessment compared to the traditional closed book examination.18 The
key to the examination process is considered to be authentic assessment where the student
acts in the role of decision-maker in working on a real problem supported with
convincing links to websites and video. Students are expected to apply the knowledge
they have gained in the course in solving the problem. The possibility of dishonest
conduct is minimized by having the submission of the student's work done electronically
(so that it can be checked by plagiarism software) and ensuring that the submission
contains extensive references to course materials thus making it extensively
contextualized and minimizing support from a so-called "cheat site". Students were
unwavering in their assessment that overall this approach is considerably superior to the
closed book approach and enhanced their learning approach. There is certainly the risk
that cheating could occur via chat rooms, copying directly from the internet and
discussing solutions through email. Yet students felt that the opportunities were still
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minimized with this approach. This is based on information solely obtained from
students, so one could argue this may not be sufficiently objective.
Learning Management Systems and Engineering Assessment Tools
Although LMSs are widely employed, they do have limitations for engineering education
assessments.19 The main reasons advanced for this are the difficulty in manipulating
equations and the multi-stage nature of most engineering problems. A solution using a
conventional spreadsheet approach (e-Task) was designed. The approach here is to
distribute a pre-prepared and password protected copy of e-Task spreadsheet based on
Microsoft’s Excel program. Each new dataset was generated randomly based on an
instructor’s hidden spreadsheet. In practice mode, instantaneous feedback comments (and
marks) are displayed as the student works through the solution. Correct numerical
answers could also be provided (but marks are deducted for provision of any solution).
For reasons of security, the package was provided in an internet-hosted format based
around open LibreOffice. One tricky problem was peak usage inevitably immediately
before an assignment was due and this was handled with load balancing allowing more
virtual machines to be operated in the 10 hours before the deadline with a class of 160
students accommodated. As a result of using this software, students felt more deeply
engaged with the subject and plagiarism was minimized (apart from students helping
each other).
Formative Quiz Assessments
The University of Southern Queensland used a concrete structures course (within the
Bachelor of Engineering program) to apply 14 formative quizzes to help with learning the
fundamental concepts before undertaking the assignment and examination at the
conclusion of the course.20 Each quiz (using the Moodle LMS) contained about 15
multiple choice questions with immediate feedback to students. The quiz had no time
limit. It was shown that students who undertook the voluntary quizzes performed better
on the summative assessments than those who did not do the quiz.
Assessments support student learning when they are structured so that:21
•
•
•
•

They encourage “time on task”.
They maintain an even pace of workload throughout the semester.
They drive the student into deep learning (as opposed to surface learning).
They set clear and high expectations.

Feedback for assignments should:
•
•
•
•

Be clear, timely and appropriate.
Provide clear linkages between content, question, learning outcomes and
assessment criteria.
Focus on learning rather than “working the system” in terms of improved grades.
Allow students to work towards an improved future submission.
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In Studying Retrieval is Actually Better
Research has shown that in a comparison of traditional studying (with repetitive review
of content which is probably the most common), against that of creating a visual concept
map of the material or retrieval practice of the content, the optimum approach is the
latterly mentioned technique.22 However, students often believe that the most powerful
form of learning is the use of concept maps as this is active learning which uses nodes to
represent concepts that are linked together based on the relationships between them.
As an example, retrieval practice could involve studying two techniques to tune a process
control loop and then practising recalling as much as they could on these two techniques.
The students would then review their study materials and attempt to recall the content
perfectly the second time. The idea is that the students would be retrieving concepts from
their long-term memory, hence the reference to retrieval practice.
The challenge for instructional designers is to create opportunities for retrieval. This is
undoubtedly challenging, as it is relatively easy to set up multiple choice quizzes, but it
would be difficult to measure the quality of retrieval of content by a student.
13.3

Dealing with Dishonest Conduct

Plagiarism in the Online Environment
Although there is some conjecture about whether the online learning environment has
more or similar levels of plagiarism to that of the classroom environment, there is no
doubt that it is alive and well in the online learning world.23 Plagiarism is often a
violation of copyright, but in learning we are more interested in whether the student is
being academically honest. Plagiarism is taking someone else’s work and presenting it as
one’s own. All materials or ideas taken from another source should be rigorously
acknowledged. There is some debate about what is so-called, “common knowledge”,
which may not need to be acknowledged.
Typical areas where the student has to acknowledge the work of others are opinions,
formulas, graphs, pictures, quotations, statistics, facts and indeed even collections of
materials gathered by others. Where another person paraphrases materials that are
copyright of others, this should always be acknowledged.
What is somewhat of a puzzle is that when the student does indeed acknowledge the work
of others, he or she gains considerably more credibility in their own work. It also
strengthens the credibility of the student’s work considerably.
So why do students plagiarize? A kinder view is that students often do not know the finer
intricacies of copying other work and thus do it unwittingly. This can certainly be true,
but often the student falls behind due to other commitments (family or work-related), and
then has to rapidly produce something useful and thus copies directly without doing any
synthesis of their own. As a result of attending high school, where simple attendance is
sufficient to be bumped up to the next grade, students may have similar expectations at a
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tertiary level and expect to pass a subject on the same basis, and may be surprised by not
being passed and thus resort to other means to get through a subject.
Some suggestions to minimize plagiarism and increase academic integrity in the online
environment are:
•
•
•
•

In addition to making everyone very familiar with the relevant academic policies,
the instructor should set clear expectations of what is required of the student.
The instructor should be a good role model and actively cite references and
sources of materials.
Provide students with access to tools such as Turnitin to check for examples of
plagiarism.
Ensure all online conduct is marked by respect for other people’s materials and
zero tolerance of plagiarism.

Cheating is a Way of Life
Research showed that when left unsupervised (or unproctored) students will gravitate to
cheating.24 According to one report, 50% of those who admitted cheating felt it was
acceptable practice.25 This survey was conducted mainly in a traditional classroom
environment and online the picture may represent a higher risk (although some research
indicates it is actually lower in an online environment). However, it is critical that the
online instructor protects the integrity of her course with a clear-cut strategy that
demonstrates to the world that there is minimal or no cheating.
At the outset ensure that students know what academic dishonesty is, why it harms
society and why it will not be tolerated under any circumstances. They should also be
made aware that anti-plagiarism software is used and that it works effectively. At the
beginning of the course, all students should submit clear copies of their photo ID with
them holding the photo ID to confirm that it is actually them attending the course.
Each student should have a unique password when submitting materials to the LMS.
When conducting examinations using the LMS; a randomized set of questions should be
provided for each student from a bank of questions. Alternatively, the simple strategy of
providing the same questions but in a random order can throw off the determined cheater.
Tight time limits in undertaking an examination also make it difficult to cheat.
Examinations that require substantial critical thought should be given a maximum of 24
hours. It would be difficult in this time to get someone else to undertake the task
effectively.
Proctored examinations and tests are useful provided the proctor’s bona fides are
carefully checked or the examinations are conducted at designated test centers. When
using proctors, the safest approach is to take the examination online by logging into the
LMS portal in the proctor’s presence. The proctor would have been initially given the
password to log in.
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When students undertake lab sessions, get them to provide photos of themselves next to
their experiment or indeed videos of themselves. This is easy to accomplish with modern
phones and cameras. Watch out for similarities in lab submissions and non-native
speakers suddenly acquiring incredible proficiency in English.
The LMS should be used to benchmark and profile student activity such as first and last
accesses/duration and regularity of accesses/number of email messages sent and
read/discussion board messages posted and read.
Cheating has been an ongoing problem with online courses as it is difficult to identify
who the individual is who contributed to an assignment.26 However, this can be
controlled to some extent by requiring students to attend an approved testing center and
more frequent, informal assessments and longer term projects.
Online Learner Authentication
The growth of online education has made assessment of online students’ identity
increasingly important.27 There has been added impetus by virtue of the United USA’s
Higher Education Opportunity Act (2008) which requires institutions to have processes to
establish that the same person who registers for a course, is the one who participates in,
completes it and receives the academic credit. At this stage, all that is required is that a
student has an ID and password. From a practical point of view, all online colleges should
specifically define throughout what academic dishonesty is, what identity fraud is and the
severe penalties should this be detected.
It is accepted that there are three conditions to establish the “fraud triangle”: an
opportunity, a reward for the effort and a rationalization. The optimum approach is thus
to reduce one or all of these conditions to minimize student fraud. Action is vital in the
light of another study that has revealed that that up to 74% of students believe that it is
easier to cheat in an online course than in a face-to-face course.
Assessment (in order of decreasing usage) in online courses ranges from assignments,
tests and quizzes, discussion forum postings, projects/papers, proctored tests/quizzes,
team projects, personal journals and a student portfolio.
Authentication refers to the process of determining whether someone or something
actually is what it is purported or stated to be.28Authentication of students needs to be
considered in this context.
Assessments in the Blackboard LMS provides numerous options for questions from fill in
the blanks, matching, multiple answers, multiple choice, ordering, short answer/essay and
finally, true/false.29 There are various options in administering these assessments and
these include showing detailed score for each question, showing correct answers,
providing instructor feedback for each question, allowing multiple attempts and
allocating time for completion of quiz (and showing a running clock).

411

Students do value the opportunity to take a quiz multiple times as well as feedback on
whether their answer was correct or not.
Solutions for Identifying a Student Correctly
A few solutions suggested for authentication include:30
•

•
•

Biometrics and web video recording. Methods used here include identifying
unique typing style, signature, fingerprint, voice or webcam recording during the
testing process.
Proctored examination at a certified testing center.
Challenge questions based on third party public and private data (not merely the
usual, “What is your mother’s maiden name?”).

Websites that Do Your Assignments for You
There are a number of websites that have appeared offering to take an online student’s
entire course or degree program.31 Examples of this insidious activity are such websites
as wetakeyourclass.com, boostmygrades.com ($695 for a graduate class and
noneedtostudy.com (entire course for $900). To add insult to injury, the sites often
guarantee at least a B grade for the course.
Suggested ways to deal with this problem are to verify a student’s identity and to check
the student computer IP addresses. Some institutions currently use a process to ensure the
correct person is undertaking the class using an identity check for registering or taking an
exam (asking questions about the person’s identity such as addresses where they have
lived and who they have lived with using a database service such as Acxiom to confirm
results). In addition, a large number of assignments and tests are set so that getting
someone else to do them would be horrendously expensive. Finally, a high level of
interaction with the student is essential, especially using video and web conferencing
systems and the instructors or student coordinators should be able to learn who the “real
student” is.
Minimizing Plagiarism and Dishonest Conduct by Students
A way of maintaining the integrity of your programs is to use a software program to
detect plagiarism. Viper is a free download (scanmyessay.com) available to find out
whether students have copied content from the internet, from previous work or from other
students.32 Students also use this to confirm they have not omitted citations or indeed,
copied inappropriately. In order to establish a coherent view of an individual student’s
track record in this regard, it is useful to maintain a database of all work submitted by
students to all instructors at the institution.
Another package widely used, as mentioned above, is Turnitin (turnitin.com) from
iParadigms. This has a fee attached to it, but is widely used worldwide within universities
and colleges.
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13.4 Proctoring Software
Proctoring or remote testing supervision software is used to allow testing of a student’s
knowledge with a high level of integrity in terms of preventing her accessing
unauthorized sources of support (either another individual/communication channel or
materials), or if the student does access these unauthorized sources of support, we have
demonstrable evidence of this breach. The operation of a typical proctoring software
package is given in Appendix E.
In all our exams and tests we have no way of verifying the integrity of the work done by
the students, either in a remote lab, simulation or assignment and test. Certainly, building
up our relationship with the students and getting them to sign an honor code will result in
fewer transgressions, but there are still a minority of students who will plagiarize and
falsify their results. We are unable to determine how the students are answering the
questions (use of books, online resources, help from others, etc.).
In addition, the various accreditation authorities expect us to perform a check on the
various submissions of assignments and examinations. Normally, in other wellestablished colleges and universities, their students undertake their examinations at a
specific approved test center. For example, Pearson Vue have approximately 400 exam
centers over the world, which a student can attend to write their examination.
Western Governors University initially ran proctored exams at approved test sites such as
testing centers and libraries.33 The majority of exams are now conducted through a webbased proctoring service provided by a third party company. Those students who want to
undertake their exams at home are sent a free webcam. The exam must be taken in an
environment totally quiet with no one else present. Facial recognition software confirms
the identity of the student and the proctoring service monitors the student.
Industry specific performance assessments are used to confirm practical experience and
competencies.
A Typical Proctoring Software Package
There is a simpler approach that will give an improvement in the integrity of test results,
although it should be noted that this is definitely still not fail-safe, with a determined
hacker still being able to “break the system”. We believe this simpler and undoubtedly
more convenient approach to checking on a student’s work can be achieved with a
computer, appropriate software and a webcam (with audio capability) as is discussed
below in the following sections.
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Figure 13.3: Proctoring Software Package
To minimize the risk of plagiarism, better-formulated questions need to be written up in
the exam paper to bring out what the students have learned in a practical application
manner. Rigorous sanctions should be applied to students caught cheating or plagiarizing;
this is not an acceptable practice and shows disrespect for the college and other
students/instructors.
Students must have a working webcam, microphone and a stable internet connection is
required. However, unstable connections can be taken care of with the exam being paused
or even frozen during the time the internet is unavailable.
Before the examination commences, the student identifies himself/herself, such as using a
finger print scanner (rather expensive and difficult to organize for each student) or
pointing the webcam to his/her face and stating their name and in which course they are
enrolled (preferably holding up a driver’s license with photo next to the face as well). A
possible alternative is for the student to type in her name and student number (or some
secret password), to match with the college’s records of the student.
Switching windows (applications) on the computer must be blocked so that the student’s
screen is locked on the specific exam paper or remote lab, and no web browsing or other
software can be allowed.
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Due to the different time zones in which the students came from, the instructor will write
up a large number of questions (with three levels of difficulty), and a few of them will be
randomly selected for each student. Alternatively the instructor can prepare different
exam papers for different time zones.
The student will be timed from the start of the examination period for each question.
After a predetermined amount of time, the examination ends and /shuts down. All data
received (answers, video, audio and snapshots) are saved on the main server for access by
the examining team.
Keystrokes are recorded so that copying and pasting is obvious when the data are verified
(only “ctrl+c” and “ctrl+v” will be recorded for copy/pasting instead of the
sentence/paragraph found in the answer sheet. Similarly, the student uses his mouse to
copy/paste.
It is unlikely that labs will ever be used as examinations but they may be used for
certification reasons. Exams in labs are not done at any university that we are aware of.
There are two main problems with labs that need to be tracked: the student doesn’t attend
the lab or the student is cheating by manipulating the equipment pretending to do the lab
and then producing reports obtained from another student. These issues could be dealt
with by ensuring the webcam is viewing the student undertaking the lab and the student’s
activities (which are recorded) are compared with the lab report she generates.
Naturally, the student can still prepare her lab report offline, paste in her results and
upload to Moodle. We will use the lab recording to detect any possible irregularities and
possibly (but unlikely) to compare the report with the student’s activities in the lab.
Two types of proctoring sessions could be conducted. In the first, there is a standard
exam on a website (such as Survey Monkey) where the student attempts a quiz in a given
time. This could also be done with the Moodle learning management system quiz that has
random questions for each student so that different time zones can be accommodated, and
sharing of answers is deterred. These are adequate for mini-quizzes and short tests, but
not assignments and examinations. Assignments and examinations will be conducted
using a Word file that the student types into.
The second scenario for assessing a student is within a remote lab and confirming that
they have undertaken the correct steps, e.g. configuring a data logger and achieving
desired results. It is unlikely that this will be a formal examination. It will be more for
confirmation that the student has indeed undertaken this lab and how he undertook the
work in the lab (a minute of work or 50 minutes of meaningful activity).
Student Portfolios
A supporting set of documentation for achievement of applicable graduate attributes
required can be recorded in a student’s portfolio, which can be kept online.34 Students can
deposit evidence such as written work, videos, photos, audios, presentations, computer
programs and photographs in this online portfolio. Deakin University in Australia has
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been experimenting with a system. A survey revealed some confusion amongst students
on the exact purpose of a student portfolio, so some orientation to what and why they are
required is needed.
13.5

Assessment of Quality of Online Programs

Poor Quality Programs
With higher education becoming more mass oriented, there are real concerns about the
associated quality with inflated grades and poorly educated graduates.35 In the past,
quality assurance was undertaken by looking at the inputs such as student quality, quality
of tuition, course materials, course structure, libraries, faculty quality, facilities and
duration of courses. This model doesn’t work well for online education with widely
scattered students, contract instructors and students participating in courses in (often
intermittent) chunks.
Online Learning Evaluation
Kirkpatrick’s 4 levels or Phillips’s 5 levels (including Return on Investment or ROI) can
be applied to assessing the value of online learning and these generally indicate a strong
ROI based simply on lower costs in developing and conducting online learning programs
compared to classroom-based training (for example, by the elimination of travel
expenses).36 However, our research reveals that, generally, most of our course
participants feel that traditional classroom learning still offers greater interactivity and
thus satisfaction than with synchronous online learning. However, we have found that the
learning outcomes (as compared to classroom instruction) are probably at least equivalent
or better with our synchronous online learning sessions.
Some suggested features to assess your online learning courses are discussed below.
Their use will vary depending on whether it is a asynchronous, synchronous or indeed,
blended production. These features include:
Content. Is the content appropriate for the audience and course outline in terms of
depth/technical quality and breadth?
Instructional design. Will the learners actually gain the appropriate level of knowledge
from undertaking this course?
Interactive and engaging. Does the course contain sufficient interactivity to make it
interesting and does it engage the learner? How deep does the learner get immersed in the
course? This can vary from a “book on the web” to a highly interactive game or
simulation.
Authentic hands-on and experiential. Does the learner get an authentic hands-on and
experiential impact from undertaking the practical course exercises?
Computer and software compatibility. How did the course run on varied sets of
hardware and operating systems ranging from Linux, Windows XP to Windows 7 and the
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Mac Operating system? Were there any glitches or dropouts in attending or running the
course?
Navigation and road map. Can the user easily find their way around the course and
supporting presentation software (and remote labs) and enter/ pause and exit quickly and
effectively? Can the irritating course manual be dispensed with?
Assessment. Is the learner assessed in a formative (throughout the course) or summative
way (at the conclusion of the course)? What is the risk like with the assessment? Is the
assessment meaningful, patronizing or too difficult? Was the learner assessed at the
beginning of the course to test his / her knowledge before commencing the course?
A course with panache. Is the course laid out attractively and in an appealing or elegant
way? Or is the student confronted with garish colors and irritating sounds? Does the
entire course hang together or is it disjointed?
Audit Trail. Are the learner’s results, time to complete, assessments and performance in
the course recorded for later review?
Track record. Historically, what were the results from the course in terms of gaining of
knowledge and expertise? What was the “stickability” and attrition rate for this course
like? Is the course recommended to others?
Further improvements. Is there a feedback mechanism from the learners to improve the
course and were these actually acted upon by the instructional team?
Assessment of Programs using Balanced Scorecard Approach
The concept of a balanced scorecard approach was introduced two decades ago by Robert
Kaplan and David Norton and contains four overall measures of an organization:37
•
•
•
•

How customers perceive us (Customer satisfaction).
What must we excel at internally to succeed (Internal processes).
What must we do to continue improving and creating value (Visibility).
How we are succeeding on a financial basis (Financial Viability).

Appropriate suggested measures at Virginia Tech are shown in the table below.
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Table 13.1: Balanced Scorecard Measures at Virginia Tech
(Adapted from Thongsamak, S., Scales, G., & Peed, C.37)
Overall Measure
Customer Satisfaction

Metrics
Student Feedback
Faculty Feedback
Number of graduates
Average degree completion time

Internal Processes

Number of Online courses
Number of videoconferencing courses

Visibility

Number of hits on website
The total amount of publicity

Financial Viability

Enrollment

As with most ventures of this nature, in implementing this scorecard it is vital that there is
wholehearted support from all levels in the organization.
Accreditation of Engineering Programs
In the context of distance learning, some caution has been expressed about the current
method of accreditation of engineering programs with the need for a genuine outcomesbased system which is based on the attainment of specific graduate attributes.38 Until this
is achieved, distance learning programs in engineering will have obstacles to being
accredited. For example, Engineers Australia has a policy based around demonstrated
outcomes; however they also require (in their policies) that all undergraduates attend oncampus for two weeks per full-time year of their degree for lab-based work. The reason
expressed is that hands-on experiential learning is a key part of engineering education and
it is considered vital that this is clearly demonstrated.
In terms of engineering accreditation, an outcomes based assessment of graduate
competency is now used.39 In Australia there is still a compulsory residency component
enforced for distance learning students. It is often suggested that engineering is a peculiar
case requiring this residency on-campus component due to the labs requirements. In any
event, the difference between on- and off-campus activities is steadily being blurred by
residential students now making extensive use of off-campus learning resources (such as
recordings of lectures).
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Professional Accreditation issues with Distance Learning
Although perhaps of peripheral interest to most people involved in online learning, it is
important in the overall design of a course for engineering and technology degree
programs to be aware of a possible stumbling block in the acceptance of a distance online
learning-based course.40 There are very few true Bachelor of Engineering programs
presented purely in full off-campus mode, although as pointed out perhaps rather wryly
by Carnevale as long ago as 2002, ”..the technology is already there…It’s a matter of
legitimizing it.” There are some significant difficulties with achieving professional
accreditation of engineering programs presented through distance learning. Engineering
education accrediting organizations have slowly migrated to an outcomes-based
assessment of graduate competency, but still have a strong affinity to demanding
evidence of inputs (such as hours on-campus). Engineers Australia typically requires
students to have up to 30 contacts hours per week and a full-time study workload of up to
50 hours per week.
It is suggested that although practical skills have been gained off-campus, staff need to be
assured by a student’s presence on-campus of this. However, Engineers Australia do
remark that they will consider distance learning if other techniques used to demonstrate
this equivalence to on-campus work are equally effective.
There is a good argument that certain skills such as collaborative teamwork on projects
and leadership require physical attendance to connect with each other. However, there are
some very good solutions for this type of learning using tools such as web conferencing
and collaborative project software. One could also comment that with the current
globally-based dispersed engineering project teams that working together virtually is also
very good experience for the modern student.
This attitude towards distance learning is perhaps somewhat arcane as the typical student
today has changed dramatically from a few decades ago. The typical student does not live
on campus and is often combining work and study. There is also strong evidence that offcampus students tend to do better in their grades and the most effective learning for oncampus students occurs off-campus.
The other point is that these changes don’t only apply to mature age students but only
young school leavers. There is considerable evidence that on-campus students are
increasingly using online resources and there is a blurring of the boundaries occurring.
This trend can only accelerate with the modern highly mobile student emerging from
schools.
Remote Labs and Assessment
Contrary to many expectations, it is suggested that remote labs can actually enhance the
chance of an engineering degree programs achieving accreditation.41 One should bear in
mind that the engineering profession is rapidly changing and there is considerable work
that is done which is purely PC-based (e.g. programming a PLC or writing an engineering
program or analyzing a building structure). In addition, with the high costs of labor in
remote mining sites (associated with extreme distances, fly-in fly-out workers disconnect

419

with their families and the hazardous environment) there has been a move to working on
remote-access technologies. Thus education in this area is enormously beneficial to
engineering students and appropriate for “a tick in the box” under accreditation processes.
Naturally, it is the judicious mix of the classical face-to-face labs combined with virtual
and remote labs that will ensure satisfactory accreditation of an engineering program. The
main issue at stake is how the virtual and remote lab fits into the overall thrust of the
program rather than its access mode.
Are Traditional Universities and Accreditation on the Wrong Side of History?
With numerous examples of good course materials available on line at very little cost,
questions can be asked about the value of a traditional university’s degree.42 Naturally,
there have been questions asked about the actual accreditation status of these free (or
low-cost) courses.
MITx which was launched by the famous Massachusetts Institute of Technology will
make available open courseware to anyone for free. It will charge a nominal fee for
certificates of completion for successful completion of a course.
Peer 2 Peer University, founded in 2008 and with support from the University of
California and other prominent foundations, has volunteer teachers to guide students
through their open courseware.
University of the People provides undergraduate programs with open courseware and
peer-to-peer teaching conducted by volunteers. This has recently been accredited by the
respected, US-based DETC.
Saylor.org offers more than 200 free higher education courses with electronic portfolios
to show prospective employers what they have achieved in terms of knowledge gain.
The challenge will be to achieve recognition from businesses about completion of these
programs and acceptance by traditional universities of these credentials. This will require
tight assessment and acceptable examination processes.
An important point to make with this enormous amount of open or low-cost courseware
is that simply provision of information and even knowledge is not learning.43 We have to
go well beyond this to achieve a high quality learning experience.
Rating the Quality of an Online Education Program
There is far more demand for public accountability of online education. Kaye Shelton
from Dallas Baptist University put together a list of measures of quality in online
education using a panel of experts suggested by the respected Sloan Consortium.44
The scoring is based on a perfect score of 210 with 189-209 considered exemplary
ranging to below 125 that is unacceptable. The rating for each criteria was from 0 (not
observed) / 1 (insufficient) / 2 (moderate use) to 3 (meets criteria completely).
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The different categories on the scorecard were:
•
•

•

•

•

•
•
•

•

Institutional Support (e.g. governance/authentication of students/copyright
ownership of course materials/defined the value of distance learning).
Technology Support (e.g. documented technology plan including electronic
security / reliable delivery systems with measurable operational metrics / backup /
support for staff / students).
Course Delivery and Instructional Design (e.g. minimum standards guidelines /
regular reviews / measurable learning objectives / consistency / engagement /
continuous improvement).
Course Structure (e.g. comprehensive detail provided / access to library and
learning resources / expectations explained and widely available / special needs
support / peer-to-peer collaboration resources / open access to all materials).
Teaching and Learning (e.g. student-to-student and student-to-instructor
interaction / timely comprehensive feedback / library support and research /
strategies to provide presence).
Social and Student Engagement (e.g. interaction between students).
Faculty Support (e.g. assistance with transition to online / instructors are keen
about online instruction / legal and ethical training / professional development).
Student support (e.g. suitability review for online education / detailed course
information before commencement / training and support in use of online systems
/ academic and career counseling / encouragement of student engagement).
Evaluation and Assessment (e.g. continuous program assessment / continuous
assessment of course / recruitment and retention assessment / faculty performance
review).

A detailed assessment matrix is available as listed in the references.
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Key Points and Applications
Chapter 13
The following are the key points and applications from this chapter entitled: Assessment
and Evaluation of Students and Online Learning Programs.
1. Formative assessments provide greater gains in learning than merely only
summative assessments.
2. Some advantages of online quizzes:
• Quick and easy access.
• Instantaneous feedback.
• Ability to reuse quizzes.
• Possibility of multiple attempts.
3. Online assessment combined with instructor-led sessions can be particularly
powerful.
4. There are major concerns with weak validity with e-assessments not validly
assessing the skills being tested and a weak linkage between required learning
outcomes and assessment. This can be dealt with by establishing a strong
relationship between the instructor and student over many elements of assessment
and thus to authenticate the work this way.
5. Pre-session quizzes are good to test knowledge and comprehension and to
undertake application, analysis, synthesis, and evaluation activities in a classroom
setting.
6. Open book assessments are gaining considerable traction (“Honest, open book,
open mind”)
7. The following issues need to be dealt with in an online examination environment:
• Security: Test on concepts rather than regurgitating materials.
• Interactivity: Live tests are preferred to online ones.
• Equity: For random questions; it is important that they are all at a similar
level.
• Hands-on labs: Physical demonstrations of working with lab
software/equipment is preferred and this may be dealt with by using screen
capturing software.
• Team work assessment: Working in teams should be assessed as this is a
key activity of engineers and scientists.
8. Some suggestions to minimise plagiarism:
• Set clear expectations of the student.
• Ensure that the instructor is a good role model.
• Provide students with checking tools.
• Ensure zero tolerance for plagiarism.
9. Consider use of proctoring software to allow remote testing of a student’s
knowledge.
10. Key elements of assessing online programs:
• Content.
• Instructional Design.
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• Content that is interactive and engaging.
• Authentic hands-on and experiential work.
• Computer and software compatibility.
• Navigation and road map around the course.
• Assessment.
• Audit trail.
• Track record (in terms of gaining knowledge and expertise).
• Further improvements feedback.
11. Balanced Scorecard approach in assessing quality of a program includes:
• Customer Satisfaction (Student feedback, Faculty feedback, Number of
graduates, Average course completion time).
• Internal processes (number of online courses, number of videoconferencing
courses).
• Visibility (number of hits on website, total amount of publicity).
• Financial viability (enrolment).
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Chapter 14
Management of Online Learning
“Education seems to be in America the only commodity of which the customer tries to
get as little he can for his money.”
– Max Forman
Chapter Contents
14.1 Introduction
14.2 Planning and Design of Online Courses
14.3 Instructor Guidelines
14.4 Tutors and Tutorials
14.5 Other Issues
14.6 Suggestions for Students
14.1 Introduction
This chapter discusses how to apply online technologies to your engineering education
and training. There is perhaps some overlap with some earlier chapters such as
asynchronous and synchronous online technologies, but the central focus here will be on
a more holistic set of issues.
One point that is often overlooked in implementing online education in a traditional
environment is that online learning can represent a considerable change to what you are
currently doing in terms of training and education. Thus, you need to ensure that you
have a solid understanding of the big picture in terms of your organizational
requirements, otherwise you may be disappointed with the results of your training
innovations and inevitably create more problems than benefits.1

Figure 14.1: Online Learning Can Significantly Impact Your Organization
We believe it can very difficult for a traditional college or university to implement a
successful online learning program due to resistance from existing players who are used
to the standard lecturing and lab environment. In addition, online learning can also
cannabilize existing, traditional programs. This is the reason why it is often better to set
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up a totally independent organizational structure for online learning, but this may also
mean that some of the synergies are lost.
This chapter commences with a discussion on planning and design of online courses,
followed by instructor guidelines. The use of online tutors, which can make a significant
positive impact to a program, are examined next. Miscellaneous issues associated with
management are then reviewed. The chapter concludes with a discussion on students
managing themselves to be successful in online programs.
14.2 Planning and Design of Online Courses
A few suggested items to consider with design, delivery of courses and student
assessments are listed below.2
Design and Delivery of Online Learning Courses
•

•

•

•

The type of course and its structure should be clearly advertised so that students
are aware in intimate detail of the delivery of the course (traditional/online
learning or blended) before commencing it.
The requirements made on the student in terms of the course and what he or she is
required to provide in terms of software/hardware and internet connection must be
outlined in exhaustive detail.
Administrative, technical and course support should be extended to all students
(and instructors where required) so that any difficulties are dealt with as quickly
as possible.
Exhaustive training over a few weeks should be provided to the students
regarding how to use the system and what to do (and where to go) when things go
wrong with the software / remote lab or the internet connection.

Strong Learning Management System (LMS) support must be provided as a core resource
with the entire course, instructor and student details provided for easy and regular access.
This minimizes the exhaustive and repetitive demands made on administrative staff, thus
freeing them up for higher quality support.
Suggestions on the Optimum Structure of a Good Online Program
A few suggestions on structuring a good online program include:3
Contact details of Staff and support
Provide full contact details of course coordinators and instructors (including email /
Skype / instant messaging and phone number) and best times to make contact for one-toone help sessions as well as the expected time delay before responding to email and IM
(instant messenger) communications. In addition, information should be provided on
where a student can seek help quickly and effectively for IT-related problems (e.g. not
being able to log on to a session). Other staffing contacts for finance queries, shipping of
course resources and electronic libraries are also useful.
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Research has showed that students put considerably more effort into constructing a
thoughtful email to an instructor or their peers than they do for face-to-face
communications.4 Hence, you will probably find using email a good form of
communication.
Course Information
A detailed course syllabus should include pre-requisites and hours required to work
through the course, including actual course contact hours (lab and lecture) and study
hours. A summary of the credit hours received and the transferability of these to other
institutions and programs should be noted.
Course Materials
Provide full details of what is required and where to purchase or obtain textbooks,
software, cameras, calculators, computer and lab kits (where required).
Structure of the Course
This should detail how the course is conducted (LMS / discussion boards / web
conferencing, etc.), typical times and dates for delivery of assignments. In addition,
details should be provided as to how the labs are to be undertaken.
The methodology for calculation of the final grade should also be indicated (e.g. quizzes
(25%), lab reports (25%), discussion board participation (20%) and examinations (30%)).
A supporting video or document providing examples of how a typical online course
works would also be a useful resource for those who are not familiar with the process.
Course Calendar
A detailed course calendar should provide dates and times for lectures, assignment due
dates, lab reports and discussion board interactions, preferably in an easy to read format
with multiple colors. Calendar changes should naturally be avoided at all costs, and if this
cannot be avoided, it should be prominently announced well in advance through multiple
channels repeatedly to ensure that everyone picks up on the changes.
Assignment, Lab, Quiz and Discussion Board Submissions
Students should clearly be advised of what is required in the assignments, lab and quiz
submissions with achievable due dates. Method of submission and penalties for late
submission should be indicated in unambiguous terms.
Grading policies should be indicated with time to return marked assignments defined.
Study Tips, Time and Self-Management Skills
Online study can be considerably more challenging than for traditional residential college
attendance and suggestions should be provided on how to study effectively with time and
self-management skills training provided. Flexible online study is often “code” for no
study and if a regular habit (location and times) for study can be set up, this can make the
process considerably easier. Regular sessions should be provided with highly interactive
web conference presentations should be set up to help students acquire these skills.
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Locations and policies/procedures for proctored examinations should be noted well in
advance of any examinations to enable the student to plan ahead.
Policies and Procedures
A clear set of policies and procedures should be listed, and it should be easily accessible
on the web. This would include such policies as netiquette (how to interact professionally
on the web), plagiarism and academic dishonesty, appeals to grades, discrimination,
ethics, integrity and conduct, student fees and refunds.
Things you should remember when engaging in online training:5
•
•
•
•
•
•
•
•
•
•
•

Define the learning objectives. What do you want to achieve with the training and
how will you measure the success or otherwise of the training experience?
Assemble the materials so that they are suited to an online presentation.
Check on whether the instructors are available on the dates and times required and
have broadband internet access.
Make the marketing materials compelling and exciting to maximize the numbers
attending.
Automate the registration process and make it as easy as possible to attend.
Ensure reminders are sent out regularly beforehand.
Practise, practise and practise the materials to ensure an outstanding presentation.
Ensure there is maximum interactivity in the presentation.
Record all sessions and make available to everyone after checking the quality.
Edit the recording if necessary to make it more easily viewable.
Check whether the learning objectives were achieved.
Implement action items during the session.

Key Characteristics for Ideal Online Learning
A Delphi process was used with experienced online instructors to identify the key
characteristics of the ideal online learning environment for students.6 This was broken
into 37 criteria broken over five broad categories. Some of these key attributes are listed
below.
Assessment of Students
•
•
•
•
•

Quick access to grades.
Tracking of individual responses (such as time and location).
Provision of rating criteria and scale for discussion board postings thus allowing
instructor to immediately rate a student’s contribution.
A portfolio of work for each student, allowing for ongoing assessment.
Easily accessible statistics on attendance of students.
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Organizational Issues
•
•
•
•

Clear and modifiable structure of the course organization.
Ability to break classes into smaller discussion groups.
Confidential, easily accessible repository for instructor to store ongoing
comments of students.
Collaborative environment within the LMS for students to add/modify or delete
assignments.

Synchronous Features
•
•

Synchronous real-time chat (and web conferencing) facility for students and
instructors.
Real-time chat facility that can be converted into an asynchronous threaded
session in a discussion board.

Multimedia Features
•

Accessibility (through the LMS) by students of video and audio recordings of
presentations, discussions or demonstrations.

Management Utilities
•
•
•
•
•
•

WYSIWYG type editing on whiteboard.
Polling facility of students.
Whiteboard facility accessible by all students and instructor.
Online access to all materials (including textbooks).
Software assistance with identification of plagiarized documents (such as
TurnitIn).
Online help facility for use of LMS and other tools.

Some suggestions for improved engagement in online learning are to:7
•

•
•
•

Encourage students to focus on higher order thinking such as problem solving,
assessment, and analysis and minimize the lower order tasks such as
memorization and simple recall.
Drive a high level of interaction between learners, their peers and instructors.
Build in collaborative learning tasks between learners (e.g. work together on a
project or in a lab).
Provide frequent opportunities to practice the newfound skills and knowledge on
applications.

Key Success Factors in Online Education
A few suggestions were made on achieving success in an online course.8 Providing
variety in instructional methods helps enormously. This ranges from text readings,
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PowerPoint lectures, and research papers to the all-important hands-on exercises.
Communication is probably the most important issue. This ranges from clear definition of
what comprises the course in easy-to-read documentation to clear and unambiguous
communications with students in discussion forums, phone, email and instant messaging
(IM) chats. The course delivery and support mechanisms based on a variety of software
platforms such as the LMS must be robust and technical support should be available for
students at all times. Clarity in instructions, course objectives and student requirements is
vital. Finally, content of the course should match the objectives and be of the highest
quality.
The student should have a high level of self-esteem and a strong belief in him/herself.
Other vital ingredients include taking personal responsibility for learning, skill in
handling the technologies underpinning the online learning, superb time management,
good organizational skills and self-discipline in engaging in what to many can be a lonely
and solitary form of learning.
14.3 Instructor Guidelines
A challenge in building an online engineering program is the lack of instructors and
course designers competent in engineering online education.9 It is vital to maintain a high
level of quality in the presentation and development of online courses. It is an improbable
scenario to have members of the engineering faculty both build and teach online courses
(as some universities seem determined to do). A possible solution is to have junior faculty
involved with senior members in undertaking development.
Some useful tips about teaching online are discussed below. Remember that online
learners are well-known for getting bored and moving onto other activities such as
checking mail, chatting, texting or wafting around on the internet.
Teaching online is more work than in a classroom. It takes a considerable amount of
time to convert materials across to being suitable for online delivery. Communication
with students is an asynchronous process and this means keeping tabs on emails as they
send their assignments in. This requires regular interfacing to students to avoid the
workload for the instructor piling up. One of the perceived reasons for the workload
appearing to be more than in a classroom setting is that the communications between
instructor and student is sporadic using online methods with a discussion stretching over
many days, whereas for a classroom, an issue is discussed and dealt with immediately.
Students need regular communications and quick feedback. Students in an online
setting are operating in a vacuum and can often feel anxious due to the perceived
isolation, so it is critical to keep in tight contact with students and to still their fears about
the difficulty of the material and to ensure they get great support. Due to the tenuous
nature of the medium, there are many examples of disinterested feedback from instructors
who may take days or even weeks to respond. This is totally unacceptable and is the
quickest way to destroy any confidence the student may have in the online medium.
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Don’t go overboard with the great tools that are available. One can do the most
amazing things with video, animation and audio but often students have technological
barriers to accessing them on their perhaps more limited machines. Flashy websites and
glitzy effects don’t necessarily make for a better learning experience. Despite all the
advances in technology, the most important thing is still the instructor and the way she
teaches. Don’t overdo the technology.
Assignments and activities take longer online. Carefully consider how you convert
your classroom-based assignments across to online learning. Students can take
considerably longer to complete their assignments as they are often interacting
asynchronously with each other over a few days. Ensure that you interact with your
student discussions and give them advice, feedback and support without dominating the
forums with your superior knowledge of what has gone before in other related classes.
Deadlines are critical in online teaching. The phrases “self-paced”, “flexible learning”
and “individual study” are often dangerous to apply. There is no doubt that online
learning means that the students can work whenever they want–but they still need
deadlines to work against. It is also helpful to make the deadlines consistent from week to
week, e.g. submission by Wednesday and Friday midnight San Francisco time. Students
often go off track and do minimal preparation work if they don’t have specific deadlines
to work against.
Online learning is not for everyone. For many students, online learning will simply not
work. They need to be surrounded by their buddies in a residential campus. Selfmotivation is often extremely difficult when you are a red-blooded teenager. Ensure that
the structure of the online course is absorbed by all the students and they understand what
is required of them. In addition, ensure that all students get a useful booklet on how to
study and optimize their performance in an online environment.
Get continual feedback from students on how they are flying. Regular feedback,
perhaps around the mid course point, is very useful. Sharing this feedback with the class
can be very productive.
Collaborate with colleagues. It is always good to discuss online teaching issues with
your colleagues and others working in the area. It is a pioneering technology and all sorts
of new ideas and approaches are constantly emerging.
Transform your classroom learning with your experiences online. Teaching online
can be particularly challenging; I would argue that it is actually considerably tougher than
in a classroom setting. You can apply many of your online techniques, instructional
materials and approaches to your classroom sessions with great results. A good online
course provides detailed (and recorded) feedback on how each student grapples with the
concepts and the learning that is happening.10
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Create a sense of community. When commencing an online class, use an icebreaker to
introduce participants to one another and to enable information sharing. Typical
icebreakers are to request an introduction using less than 140 characters or something else
that is low risk and interesting.
Block off space. As course participants are often still at their place of work or at home
and are subject to the usual distractions from others around them, they should ensure that
they work in a low distraction zone. Oddly enough, the same applies to instructors who
often get harassed by colleagues even when presenting.
Add emotion and humor. Some personalization of who you are with a few humorous
pictures, photos and cartoons and the odd joke can liven up the presentation and connect
you to the other participants. However, watch out for bad or inappropriate jokes.
Participate until you are blue in the face. Learner participation is critical to the success
and for real learning to occur.11 This has to be done every few minutes otherwise you
have a one-way presentation that is of benefit to no one. Typical approaches include:
•
•
•
•
•
•

Questions and answers.
Conversations.
Group work.
Games.
Exercises.
Audience polls.

Tips on Instructional Design
There is always debate about the need for formal training in instructional design, but the
truth is that we have come across many highly qualified instructional designers who are
not particularly good at their job.12 Consider these ideas before jumping into your next
project:
•

•

•

•

Try and visualize the assessments for the course first. Consider what you think
your students are going to be tested on back in their real world job, and ensure
that your assessments are authentic and reflect the real world challenges of their
job.
Design your course objectives to be realistic and aligned with what your students
are currently able to do and what you want them to do once they have finished
this course.
No matter how tempting it seems, it is physically impossible to take a huge
amount of content-laded PowerPoint slides and to transform them quickly into a
useful online course. Even with the current active discussion on rapid online
learning, an online course is considerably more than regurgitating slides from a
classroom session.
Don’t inundate your students with information and training they don’t need. Or
can perhaps access through alternative means. The training and education you
want to give them must be powerful, compact and of relevance.
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•
•

Learning materials do not have to be exotic, full of odd animations and “jumping
objects” but instead should be simple, clear and effective.
Providing training and instruction does not mean your students will actually be
learning, and that is the nub of the challenge: to actually get your students to
perform activities, exercises and problem solving to engage in real learning. It is
vital that you as an instructional designer grasp the need to create resources that
the instructor can use to encourage real learning in their students.

Blogging, Podcasting and Clicking
Although discussed here in the context of a classroom-based mechanical engineering
course, the three technologies of clicking, podcasting and blogging can equally be applied
effectively in an online classroom.13 An example is given here of an application within an
upper-division undergraduate engineering course in energy technologies, fuels,
environmental impacts and public policies with 59 students. As is pointed out, media and
technology are not what improve learning; having great instructors applying superb
instructional strategies and content make the impact on student's learning.
Clickers are handheld devices that help in promoting interaction in a classroom. Students
press a button and respond to questions. They can then see a distribution of the answers
from the class on the clicker's display. This results in more interaction in what could
otherwise be a dull lecture-based classroom especially with a large number of students.
Instructors have to work on asking thought provoking questions.
Blogs can be used to promote student interactions and reflection on a particular topic. A
blog, as most of us know, is generally a collection of text and images (and sometimes
also audio, multimedia and video clips) and is normally relatively easy to construct.
Podcasting (a portmanteau of the terms iPod and broadcasting) includes many file types
such as audio, video, slide presentations and .pdf files. Using RSS feeds ("Really Simple
Syndication") podcasts can be "pushed" to the user's computer for viewing and listening
every time there is an updated file. Generally, they are higher quality than streaming
media and are easily available for quick review.
Students were required to blog three times during the semester on class-related topics,
comment on other student's topics and create an original podcast. Other more traditional
work included writing an original paper, conducting a research project and undertaking
the end of course examination. A survey of the students indicated that only 54%
considered podcasts a good way to learn technical content. 56% found the clickers
helpful with a majority (54%) indicating that that these items made no difference to their
class participation. 73% were positive about the benefits of blogging.
Overall, the use of these technologies was considered positive, but the podcasts can be
time consuming to create and having students familiar with the relevant technologies (e.g.
setting up RSS feeds) would help with expediting the creation of them. It is vital not to
swamp the students with the technology of setting these facilities up, but to focus on the
overall content instead.
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Conversion from Classroom-based to Online Courses
Even in a synchronous virtual classroom environment, classroom courses can rarely be
transformed directly into online presentations without a significant rethink of the
course.14 The John Hopkins University Engineering Department have used a course
design matrix spreadsheet approach to ease the transformation process. It is likely in the
transformation process that some of the existing resources and activities have to be
modified or eliminated (e.g. active classroom debates and discussions) and new ones
created (collaborative team work using web conferencing). Although overall there is
considerable re-engineering of the course, an initial key consideration is to define what
students are expected to learn during each week.
The first element is the creation of learning objectives using Bloom’s Taxonomy. Linked
with this are the learning assessments (using discussions, papers, assignments, quizzes,
presentations). Bloom’s Taxonomy provides a consistent terminology and helps to clearly
define measurable learning tasks.
Assessments that are applicable to online learning include discussion boards,
collaborative teamwork, problem solving, scenarios, essays, presentations and writing
papers. Learning objects for each module include videos, demonstrations, textbook
chapters and reading assignments. Some suggestions with learning objects are that the
lectures should be approximately 10 minutes in duration, videos should be emphasized
and readings should be a key element. An alignment between learning objectives,
learning assessments and learning objects should be tested and modifications made in an
iterative way to achieve this.
Faculty Stretching Themselves Too Thin
Concern has been expressed that course faculty were stretching themselves somewhat
thinly in creating course content, developing the necessary online instructional materials
and developing course websites.15 Even with the advent of course management systems
such as WebCT and Blackboard, which simplified the creation of the course websites,
members of the faculty are still unsure about the best layout and structure especially
optimized for that from the viewpoint of the student. They do recommend that student
satisfaction can be improved by having a standardized student interface with consistent
labels, headings and icons. It can also reduce faculty time wasted in answering questions
related to the structure, operation and organization of a course.
Preparation for Online Instructing
It is noted that faculty at many traditional universities are being pressured to teach online
with minimal training in these technologies.16 It is difficult to move directly from a
classroom environment to an online environment where, “Instructors cannot transplant
their understandings, strategies, and skills from face-to-face to online teaching
environments”.
This is in marked contrast to the major distance learning universities such as the
University of Phoenix and Walden University which recruit based on online experience
and provide extensive training in online technologies. A study showed that 40% of
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institutions did not provide any training or preparation for online instructors.17 Instructors
who run successful online training programs have strong computer competencies, know
how to use the course delivery system, have good support from their institution, are
motivated to work in this environment, actively design courses that are student-centered
and can teach effectively without non-verbal feedback from students.18
Chickering and Gamson’s seven principles are important in the context of what makes a
good online instructor, noting that good practice in undergraduate education encourages
student-faculty contact, encourages co-operation among students, encourages active
learning, gives prompt feedback, emphasizes time-on-task, communicates high
expectations and finally, respects diverse talents and ways of learning.19 This can be
applied to both engineering online learning and remote labs education.
The first author conducted a survey of 120 members of faculty who taught online at twoyear and four-year universities across the USA, particularly in North Carolina with a 38%
response rate. The survey results indicated a clear understanding of the positive outcome
in terms of best practice in online courses as a result of training faculty in online
technologies and techniques. There was also agreement of the need for prompt feedback
to students, setting a framework for a friendly online environment, guidance for students
to external sources and providing detailed course syllabus information.
However, it was apparent that institutions still needed to devote considerably more effort
to training online.
Three Quick Tips for Instructors on Online Courses
In terms of good practice in instructing online, there were a few useful suggestions for
instructors:20
•
•
•

Quick and responsive feedback is required to all questions.
Show a regular and committed presence in discussion boards and virtual
classrooms.
Ensure that expectations of students are clearly enunciated.

Blended Learning Challenges and Opportunities21
The challenges and opportunities with blended learning can be broken up into three
categories: Technology, Logistics and Student Behavior. Below are some suggestions for
each category.
Technology. It is vital to watch your presentations from the perspective of your students.
Problems experienced by students could be due to poor bandwidth issues and audio issues
(e.g. defective microphone) but these can all be managed if the instructor is aware of
them. Opportunities would be to harness the power of the vast array of audio visual
equipment available these days. For example, the instructor could use a video link to
provide close up views of a particular machine artefact to all students, instead of passing
it around as would be done in a classroom session. In addition, providing video clips to
enhance the learning experience is easy to arrange.
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Logistics. In allowing students to email numerous questions with the expectation of
immediate responses provides considerably more work for instructors as compared to the
classroom, where questions can be dealt with quickly. The prospect of having numerous
students emailing homework to an instructor can be incredibly daunting, and in reality
can be a logistical nightmare. While it is important for the instructor to focus on the
course content and syllabus, instructional activities should not be neglected. Although
course content is often covered faster (fewer interruptions from students) in the more
formal video version of a course (compared to the less informal classroom session), it is
vital to still give students time to reflect and comment.
The opportunity to use Learning Management Systems to drop off assignments, and
discussion boards to reduce the overload on instructors should be used where possible.
Instructors can take advantage of the distance learning environment to build up more
independent learners and introduce students to each other more thoroughly. There is the
opportunity to pair distance learning students with on-campus students to increase the
sense of belonging.
Student Behavior. Learners having grown up passively watching television, often fall
back into this mode when watching course materials. Older research indicates that they
tend to prefer face-to-face instruction rather than distance learning. Lack of immediate
feedback from students and having the instructor as the sole source of learning makes
things considerably more challenging. An opportunity exists to break up the class format
every 20 minutes or so by using videos, encouraging comments from students and using
other graphical aids. A method of encouraging students to actively take notes (rather than
passively watching) is to withhold lecture notes or to leave gaps in the notes (red text to
indicate important parts of the lecture notes) that need to be filled in by the student.
Academic honesty is always a challenge with distance learning students and standards
cannot be lowered. Whilst qualified testing centers are the lowest risk option, it is
possible to investigate open book examinations or to limit the time by using email or a
fax machine to time stamp the submitted examination.
14.4 Tutors and Tutorials
It was found that attendance and satisfactory completion of regular (typically weekly)
online tutorials (as opposed to a few assignments) throughout an online course resulted in
good performance in the final examination.22
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Figure 14.2: One-to-one Online Tutoring with Lab Equipment
Online Tutoring
The University of Houston implemented an online tutoring system for their students in
quantitative courses such as statistics, computer applications and numerical methods.23
Tutoring provides for a high level of interactivity with student and tutor and an
individualized level of transfer of knowledge, which is especially useful for isolated
online students. It also minimizes student isolation, bypasses instructor time limitations
and hopefully reduces the attrition rate. The key tools used were web conferencing
packages such as Wimba and Elluminate.
Important issues were minimal voice delay, ability to share applications and upload files
quickly, ease of use by all parties and capability to write difficult mathematical equations
and symbols. A Cyberpad (from Adesso) was used as an electronic tablet allowing
everything to be written in ordinary ink on plain paper. The online support was provided
through the Instructional Support Services (ISS) lab which had trained tutors, a dedicated
room equipped with 25 computers providing support in a range of issues from software
installation, general course questions to faculty assistance with the LMS and use of
Elluminate/Wimba web conferencing software. Online tutoring sessions were offered
through an appointment system (as the ad hoc system of students fronting up randomly
wasn’t every efficient). 22% of online students participated in tutoring; against that of
19% for on-site.
Students were unhappy with the technical difficulties with online support and resolution
of problems. It was considered essential to promote the tutoring services as widely as
possible. Finally, it was important to build into a well-disseminated privacy policy the
feature of recording student sessions to avoid any fallout especially when distributing
these recordings to a wider network of students. Overall, students found the tutorial
sessions helpful.
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Peer-Assisted Tutorial Sessions
Although not necessarily directly part of online learning, an approach
that can raise student scores is the use of peer-assisted learning (UK) or peer-assisted
study sessions (Australia) and Supplementary Instruction (USA).24 This is a collaborative
learning environment facilitated by appropriately trained senior students who do not teach
new materials but that which has been taught in the course. Research has shown an
improvement in grades for students participating in these sessions and has been
demonstrated to be especially useful in engineering courses. Traditionally, these sessions
are conducted in face-to-face sessions but there is no reason not to use a synchronous web
conferencing session to achieve a similar result.
The Online Tutor
Universities can make the mistake of including distance learning under the umbrella of
their traditional residential campus activities.25 Online tutoring is a key element in an
online course and needs to be carefully arranged. Some other terms used as equivalents to
that of an online tutor include coach, moderator, facilitator and mentor. Roles of a tutor
include:
•

•
•
•

Academic in providing intellectual support to the learner including such activities
as providing scaffolding, guiding, focusing on appropriate content and synthesis
of different viewpoints.
Social in improving involvement in discussions, keeping the atmosphere, “warm
and fuzzy” and dealing with disruptive behavior.
Management in establishing and maintaining procedures, policies, setting learning
objectives and distributing materials.
Technological in supporting learners in effective application of technology
(especially computer and internet-based) and troubleshooting problems.

Online tutoring places particular emphasis on possession of the following abilities and
skills, written communications being more prevalent than verbal, working more formally,
multitasking in dealing with multiple conversations simultaneously, instructing occurring
at a wide range of times for short periods throughout the day and indeed, week, more
emphasis on collaborative learning rather than directly instructor-led, encouraging of
participation by all learners from varied backgrounds and being able to assess individual
contributions and in provision of quick detailed feedback.
Due to the rapid development in the technology, it is often difficult to get someone with
the immediate skills required, hence if the individual has the ability to gain the requisite
skills then this would also be acceptable.
Tutoring and Learning from your Peers
Online mathematics and physics bridging courses have been effectively done for large
numbers of students, by providing each student with a personal mentor (such as a second
or third year student) who they can contact by phone or email.26 The course materials are
provided in an asynchronous fashion. Extensive scaffolding was used to help bridge the
gaps between what the student knows and the new knowledge they have to gain. The
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scaffolding is affected by asking leading questions and providing them with some
information to help them internalize the knowledge required. Approximately 10-15 fulltime mentors supported a staggering number of over 6,000 simultaneous learners. The
online forums, comprising a few thousand participants, were used for extensive
interaction between learners and their peers. The key is quick answering of questions,
either from their peers or mentors.
Mentoring and Tutoring of Remote Students
At Old Dominion University, the Civil Engineering Technology program has expanded
over the years with an extensive distance learning component.27 In the distance learning
class, students can meet for three hours per week every week with a fully interactive
audio-based live class. These days, students are even more scattered geographically and
thus due to the difficulties of travelling to a weekend lab, a local mentor was optionally
allowed in place of a laboratory class at the remote site. A mentor was a licensed land
surveyor close to the remote student who was prepared to make her time and resources
available to the student. Resources comprised staff, equipment and field work so that the
student could conduct lab activities close to the office or participate in typically surveying
work. In addition, a good mentor could help develop career, life and business skills of the
student and perhaps offer them a job. It was found that typically 10% to 15% of students
used a mentor. The student was responsible for finding a local mentor and this task was
made easier due to most of them working in a surveying or associated company.
In this case, the labwork comprised equipment exposure and basic data gathering with the
lab report built around copies of field notes and presentation of the survey operations
done. It was noted that student grades of labs and for the overall course were generally
above the class mean.
14.5

Suggestions for Students

Distance learning is considerably tougher than attending a traditional bricks and mortar
institution.28 As we have discussed earlier, the distance learning environment ranges from
the asynchronous one, which is very detached, to the more interactive synchronous one.
Students have to be motivated, proactive and enthusiastic to succeed in the distance
learning environment. Some suggestions are listed below to make students more
successful in the distance learning environment.
Kick for a Goal
Before commencing their studies, students should ensure that they have clear goals and
know exactly why they are undertaking these studies. If they are ambivalent about why
they are undertaking this path of study, they may be wasting their time. Strongly held
goals act as a great motivator to complete studies with useful results.
Know thy Syllabus
Students should ensure that they know the syllabus and introductory documents and
should keep them in an accessible place at all times. These give a strong “meta-view” of
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how to optimize use of online resources and who to access for a quick response to queries
and problems.
Scheduling of Assignments and Other Work is King
One of the key ways of measuring performance is undertaking and submitting
assignments on time. A late assignment generally attracts a penalty and this is naturally to
be avoided as this is generally no reflection on a student’s actual work quality. Naturally,
with the vagaries of email and uploading materials, ensure that an assignment is indeed
submitted and is in the system. Students should plan assignments and ensure that they
have more than enough time to deliver on time. A sloppily constructed assignment
written at the last minute is not only disrespectful to an instructor but it demeans the
student and places a question mark over why they are doing the course in the first place.
Keep tabs on the Learning Management System (LMS)
The LMS is the alpha and omega of a student’s studies and is a key place for them to
follow the course and to watch for additional resources being uploaded by the instructor.
Students should track it as often as possible to keep up to date with department news, new
reading resources and feedback on their work.
Learn Step-by-Step All the Yime
As some wag put it, “Inch by inch, it is a cinch.” The student is the only person who
learns. The instructor cannot learn for them–and learning is a slow, incremental process.
Students need to enhance their learning by insisting on learning one new concept every
time they interact with other students, their instructor or their course materials and
exercises.
Enhance Your Learning Experiences with Peers
One of the most powerful ways of learning is working with classmates. Students should
be supportive and encouraging in their interactions with them, either via asynchronous
posts or audio and video interaction in a virtual classroom.
Contribute to Discussions
In asynchronous online learning, one of the key ways to interact (and indeed for the
instructor to measure progress) is via chatting and posting thoughts and suggestions. This
is how students learn: by interacting with the other students and the instructor.
Organization and Administration Should Underpin Everything a Student Does
Although everything is firmly electronic these days, a physical binder is often very useful
to keep timetables, assignments, texts and research in one spot. This can be picked up at a
moment’s notice.
Contextualize Everything
Instructors know (or should know) the importance of relating everything they discuss and
present to the real world working life, so it is important for students to do the same.
Students should take all the learning materials and relate (or contextualize) them to their
work and career. Any old fool can regurgitate knowledge fed to them; this is the lowest
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level of learning. However, it requires considerable skill (and indeed agony) to analyze
information, reconstruct it with other items of know-how (synthesize) into new solutions
relating to real work. The highest form of learning is creating, where the students put
together components to build a new product or system.
Assignment Dates
It is interesting for both students and indeed instructors to know the best dates for
returning assignments. A survey was conducted of 337 students enrolled in distance
education courses at the College of Technology and Computer Science at East Carolina
University.29 The key demographics of this student sample were 72% aged 30 years and
above, 53% working towards a bachelor level degree with 45% towards a masters. The
results indicated that online students prefer to work on assignments during weekends with
assignments handed out at the same time every week and due at midnight or 8am on
Sunday or Monday (and at the same time and day every week). They preferred
assignments with an interactive component (and were not enthused with team projects).
Typical distance education assignments included student discussion online, recorded
lectures (presumably by the student), interactive labs and class chat sessions with an
instructor.
14.6

Other Issues

Personalized Online Homework is the Way to Go
In a Material and Energy Balances course at the Colorado School of Mines, research
revealed that provision of personalized online homework as opposed to the usual static
textbooks helped students achieve significantly better grades.30 Personalized online
homework was where the instructor customized the homework problem set with slight
numerical differences in each problem but with consistent content and concepts across
the class. Students could continue to answer until they had achieved the correct answer
(with 5% of the overall homework grade deducted for each incorrect answer). Some of
the more difficult problems had step-by-step tutorials that were displayed after the
student got the answer wrong. Full solutions were available for those problems that the
student gave up on. Students nevertheless still preferred the standard textbook homework
as opposed to online homework.
Videos
At SUNY, Adirondack, the Physics I class was made more interesting by requesting the
students go through selected videos from MIT (with lecturer Walter H.G. Lewin) on the
web with a tightly defined schedule during their homework time.31 Any questions could
be answered quickly by email. The traditional class lecture time was then devoted to
problem solving and undertaking tutorials of difficult components of the course.
However, it was found that there was limited uptake of watching the videos and the old
scenario of traditional lectures and homework was reestablished.
Assistance for Learning Disabled Students
There has been a significant growth reported of students with a learning disability. For
example, in the USA the percentage of students with a diagnosed learning disability grew
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from 2.3% in 1978 to 9% in 1998.32 A learning disability relates to an imperfect ability in
one or more attributes such as being able to think, speak, read, write, spell, calculate and
listen. A suggested solution was to use the AIM-Lab developed at Rensselaer Polytechnic
Institute in the USA, which allowed students to access labs remotely. In addition, a chat
facility (based on the internet Relay Chat open protocol from Mibbit) was provided.
YouTube videos provided step-by-step instructions especially aimed at disabled students.
Another solution for disabled people is called iMSi, a virtual whiteboard which has a
user-friendly interface allowing the student to zoom into parts of a document, oversized
text on the GUI, automated voice for notes and lectures, a virtual keyboard and voice
control (as opposed to text input) of software applications.33 Other features include
audio/video streaming from the instructor, chat for the student and recordings of lectures
with optional subtitles.
YouTube Fridays
YouTube Fridays were set up to create a student-led activity at the Colorado School of
Mines (at class at 8am on a Friday morning) for a thermodynamics course.34 Videos were
selected by groups of three to four students. After showing the videos a short discussion
followed on their relationship to the course topics. The YouTube videos played a key part
in the “engineering estimate” sessions where various scenarios were assessed for being
possible or unrealistic. A survey showed that the students (60%) felt that they had a better
understanding of course topics as a result. There is no reason not to apply this technology
in a totally online environment.
Students and Time Management
Time management is the process of determining one’s needs, setting objectives to achieve
these needs, defining the tasks required, prioritizing them and then rigorously executing
them (in their entirety) in this order.35
Research has showed that (logically) there is a relationship between time management
skills and grades achieved. Face-to-face classes have built in temporal structures but
online courses require other elements such as electronically enforced due dates, course
calendars and electronic reminders (email/Facebook/discussion boards). Conversely,
research at the University of Houston revealed that students perceive that online courses
help them in developing time management skills and thus, in improving their selfregulatory skills.
Podcasts, Wikis and Blogs
As discussed above, one of the technologies most discussed (and indeed marketed) is
podcasting, where a user can create and distribute audio and video content for distribution
over the internet (and an iPod or equivalent).
Wikis are another popular form for use in learning. Anyone with a browser can access the
web and make changes to an online document. These can be especially useful for giving
immediate feedback to an article or piece of learning which everyone can view. However,
in our experience (we used this on a few occasions for conference topics), engineering
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professionals were not overly enthusiastic about this medium, and it is difficult to
manage, for example, when a user puts up some irrational, upsetting or meaningless
comment onto a particular Wiki site.
Blogs (from “web” and “log”) are another important source of learning. A blogger
updates a website containing his or her observations in chronological order. Often there is
feedback from other readers (which can actually be more valuable than the original blog
post) on a particular topic. There has been enormous growth in this medium, although
most blog sites are rather mediocre, focusing on the blogger rather than passing on real
learning to others.36
A survey (2009) of faculty and students indicated some ambivalence about incorporating
social networking technologies (such as Facebook, Twitter and YouTube) into
engineering education settings.37
Mathematically-Oriented Disciplines Online
Distance learning online learning environments do not always provide effective tools for
interacting in mathematically oriented disciplines mainly from the point of view of typed
communications38 MSN Messenger was successfully tested together with an electronic
ink function (both of which are free and easily available) and allowed for excellent
interaction with diagrams, symbols and graphic charts that could be quickly created and
easily modified.
Don’t Forget Conferences
Engineering education conferences are accepted as a great way of staying up to date with
the latest developments by meeting other colleagues and being exposed to new ideas and
developments.39 Unfortunately the travel, accommodation and time costs can be high,
especially for those in developing countries. This becomes the inevitable vicious circle
with these educators steadily falling behind and becoming less effective as they are
unable to attend conferences. A suggested (partial) remedy was to conduct e-conferences
where papers were submitted a few weeks before a large annual conference. An example
quoted was for the 6th World Engineering Congress on Engineering Education/2nd ASEE
International Colloquium, where over 74 abstracts were submitted, with 49 papers
finalized for posting to the website. Readers were invited to contribute to threaded
discussions on each of the paper submissions. The suggestion was also made to video
record the key sessions of the conference and to post these to a website for those who
were unable to attend the associated conference.
Students May Have Different Perceptions
Be wary of students who are merely engaging in online courses as they can’t make the
other ones due to scheduling conflicts, work and personal commitments.38 Based on
previous experiences with online learning, the student may also think this is an easier
approach than doing a residential option and may not be prepared for the full-on nature of
a proper online course.40
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Handling Resistance to Change
You will undoubtedly find significant resistance to implementing online learning in your
organization. People don’t like change–especially change as significant as this.
Throughout the process of implementing online learning one should get the idea across
that it isn’t the panacea to all the problems in the training world and whatever happens in
the future, it will be part of the blended mix that one uses in training (and will probably
not even be referred to as online learning but as yet another standard approach). At the
end of the day, as discussed before, the instructor, instructional techniques and training
resources are still the most critical elements in providing effective training–whether it be
classroom or online learning.
Some tips in handling the changes required for online learning are:
•
•
•
•

•
•
•
•

Be consistent in your message and what you expect everyone to do.
Explain what online learning is (and what it is not). Get the strange terminology
across to others in your organization.
Be flexible to fit into what the organization is about in terms of training.
Be frank and encourage open and honest discussion about the issues with
implementing and using online learning. Do not fear the issues; online learning is
a definite positive addition to the training landscape.
Show enthusiasm and energy in leading the discussions and implementation of
online learning.
Understand the organizational landscape regarding what has happened in the past
with IT initiatives and be prepared to deal with these in the new implementation.
Build networks with others in your organization and outside to build up support
for your online learning initiatives.
Market and promote online learning at every opportunity.41

One important point is that you will not find all staff enthusiastic about distance learning
and it is a slow process to convince them of the merits of this approach.
An increase in interactivity can be delivered with a chat session in real-time between
students and between student and instructor (compared to a chat session in a live
traditional classroom which would be unduly disruptive if done too frequently).42
Some tips from a management perspective:
•

•
•
•

Blended courses should be clearly advertised to eliminate any confusion with the
student cohort with the structure, grading and attendance requirements clearly
defined.
The peculiar requirements for students to participate properly should be spelled
out in exquisite detail to ensure student expectations are met.
Support needs to be expanded for both students and instructors.
Extensive training should be provided in how to use the presentation system as
well as the learning management system.
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•
•
•

Student conduct required should be clearly spelt out in the forums (e.g.
minimization of offensive language).
Students take a few weeks to get comfortable with the synchronous approach and
in connecting from outside the campus.
Graduate courses are especially suitable for this form of learning.

Some of the negatives associated with the usual passive asynchronous online learning can
be overcome by using blended learning with synchronous online learning, combined with
recordings of sessions and use of a learning management package. This converts a
passive delivery to a much more active learning experience.43
Planning of Distance Learning Courses
A few timely suggestions on planning and structuring of distance learning courses are
suggested by Anthony Trippe and discussed here.44 It is important to realize that it is
impossible to present all the course materials in one synchronous lecture and the key
points and difficult points (well, “grey” areas) should be emphasized in the presentation.
A key point is that what you present is only loosely linked to what the student will learn.
The instructor cannot learn for the student, but can endeavor to facilitate learning by
presenting a well structured course that encourages the student to learn at an optimal rate.
The student is the only person who can learn. The concept of learning includes an
increase in know-how and understanding, and an ability to apply the expertise and knowhow gained. Perceiving the world through different eyes as a result of the learning gained
is another result. As was discussed in an earlier chapter about the “No difference”
phenomenon, the medium is essentially irrelevant to the learning process. The learning
outcomes are what we are looking for. This is something that many instructors lose sight
of as they tend to focus on the tools and technologies rather than the instructing process.
Body of Knowledge. There is a body of knowledge that has to be transferred through to
the student. This has to be identified by the instructor and clearly communicated to the
student. There are, in addition, areas of the body of knowledge that are more challenging,
perhaps ambiguous and which require interaction to clarify. The instructor should use
these areas for the learning interactions between student and instructor and student and
their peers. It is important to realize that the online course comprises much more than
simply posting a lecture on the web but typically includes a reading assignment, a
synchronous (and recorded) lecture, a case study where the knowledge is applied, a
hands-on lab exercise or simulation and an assignment to demonstrate competence in the
module. It is best to avoid doing an immediate test on the materials but to cover several
modules before engaging in this.
The textbook that is used for the course should be tightly linked with the course and an
outstanding resource being proven, practical, up-to-date, readable, graphics intensive and
accurate (especially important for engineering and science subjects).
Considerable Interaction. During periods of interaction, it is particularly important to
focus on the challenging areas of the course, discussing up to date issues with the course

444

topic and investigating ambiguous areas where the student may be struggling. A
suggested approach is to make classroom participation up to 30% of the overall grade.
Participation is obviously considerably more than a monosyllabic “yes” or “no”; in-depth
commentary and deep research are necessary. It is critical that all students receive
detailed feedback to their comments as quickly as possible.
Practical Exercises. Supplement the foundation materials with strongly practical,
experience-based instructor-led exercises that focus on the challenging, “grey” areas of
the course. The student has to then provide solutions to the exercises by a clearly defined
deadline.
Many Other Activities. Try and be innovative and add many other activities to the
standard course materials and exercises. This can include such activities as case studies,
remote laboratories, simulations, games, essay assignments as well as problem and
research assignments. Breaking the group up into teams to work on activities works well,
although the less enthused students need to be driven or rated on their involvement. Team
work skills are critical in the modern workplace so this is a worth while activity. It is
possible to get the team members to rate each other anonymously to ensure a fair rating
for everyone–but this is sometimes a hazardous issue to deal with.
Testing 1 2 3. Always be wary of transferring a testing protocol from the classroom
sessions to the online environment. There is no simple way of re-using the existing
classroom tests in an online environment bearing in mind the associated risks. The overall
focus has to always be on the tests demonstrating mastery of the topic know-how. Tie in
the testing with the weekly participation points. They should be well aligned.
Lecturer Stuck Behind the Podium. When an image of the instructor presenting a
session is provided to all the participants, he or she may prefer to stay in one position as
the camera may not be able to track with sufficient quality and the lighting is set up for
one position only.45 This can appear awkward to the others watching.
Instant Messaging
With the current wide availability of high quality video, audio, whiteboard facilities
provided by broadband, limiting one’s communication to instant messaging would appear
to be an odd strategy. Yet this is exactly what is proposed here. Research reveals that
most young students today are using instant messaging, but very few instructors are
applying it as a tool in talking to their students.46 Instant messaging using Facebook chat,
Gmail chat and Skype is a powerful and often underlooked tool for collaboration and
teaching. Instant messaging can really improve instructor-student and student-student
interaction and give enormous additional support to the student without unduly impinging
on the instructor’s time, if managed correctly. The incredible popularity of the use of the
relatively primitive SMS with mobile and cell phones shows that there is some merit in
using this technology.
Students are always a bit wary of contacting instructors out of hours and burdening them
with their problems, either face-to-face or via the telephone, as it is considered an
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inconvenience (and an irritation for the instructor). However, the use of an asynchronous
medium such as instant messaging obviates this concern. If the instructor is online, the
student can contact her and it is optional for the instructor to respond immediately or
perhaps at a later stage. Hence, this makes the whole communication process
considerably more efficient. Naturally, there are considerable inefficiencies built into
using instant messaging with many useless messages sent. This has to be avoided. There
was no evidence that this improved the grades of the top students, but the weaker students
saw definite improvements in their results with use of this medium.
Some suggested best practices from this research are as follows:
•

•

•
•

•

The instructor must investigate how her students communicate best. Instant
messaging is likely to be the dominant medium for younger students. If this is the
case, the teacher should encourage them to use this to communicate. Set ground
rules on how you expect it to work and try to use it extensively.
Set limits on your availability but make sure you are available when it is
worthwhile to you and your students. Students often need help when working on a
problem or just before an examination or hand-in of an assignment.
As an instructor, be adventurous and thrive on multitasking with multiple sessions
going on at the same time over extended periods of time.
Text-only instant messaging is preferred. As soon as you use voice and audio with
instant messaging you immediately become synchronous which pins you to the
desk and makes it less convenient for you. The perceived barriers are much higher
at this stage. Obviously, use video or a whiteboard when you need help with
drawing equations or other visual tasks.
Instant messaging is most effective when the instructor doesn’t directly answer a
student’s question but responds with a probing question designed to help the
student work out the solution him/herself.

Useful Software Programs
There are a variety of useful (and free) programs for scientific and engineering
applications:47
Inkscape (inkscape.org) is an open source vector graphics editor and drawing tool similar
to Illustrator, Coreldraw or Freehand.
Fleye (desktopgraphingcalculator.com) allows the creation of graphs in engineering,
physics and mathematics.
Jmol (jmol.sourceforge.net) allows students to view molecules especially suitable for
chemical engineering and chemistry topics. Rastop (geneinfinity.org/rastop) is similar but
allows one to visualize more complex molecules of proteins and DNA.
ACD Chemsketch (acdlabs.com/resources/freeware/chemsketch/) allows one to draw
chemical structures and to view them in 2D or 3D.
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Support Staff
Support staff are absolutely critical to the success of technology-based distance learning
programs in ensuring high quality recordings and delivery of sessions.48 Online course
instructors quickly come to realize that the online course workload is considerably more
than for a classroom session.49
Training of Online Instructors
One of the key ingredients in reducing student attrition is in having highly trained and
effective instructors.50 Student satisfaction with courses increases with highly interactive
instructors who clearly demonstrate care and interest. Suggestions for training of
instructors include:
•

•

•

Extensive familiarization training before the first course is presented by the new
instructor. This training extends over multiple areas such as: organizational
standards, policies and procedures, teaching philosophy, reviewing best practice
online courses, presenting trial online courses, working effectively with the LMS,
creating syllabi, participating in group exercises and providing feedback on
typical student assignments.
Support is provided for the first few online courses where other staff attend in a
supportive role and give comments based on attendance and review of the
recordings and then on an intermittent basis where regular reviews are conducted.
Ongoing training in writing, critical thinking, student performance evaluation and
collaborative virtual team working

Supplemental Instruction
Supplemental instruction (SI or eSI for electronic distance learning) has demonstrated its
capacity to improve student performance in courses that are challenging in an on-campus
environment.51 SI was developed at the University of Missouri in 1973 by Dr Deanna
Martin and has been implemented at over 600 institutions (mainly in the USA) with a
demonstrated improvement in grades for participating students. As distance learning
traditionally has a higher attrition rate (due to the need for more discipline in studying
and erratic and limited communications with faculty) than for traditional on-campus
courses, eSI may be very useful in this context. eSI leaders and supervisors receive
training in the techniques of eSI which involve methods of session organization, problem
solving techniques, successful student study habits, and test and note taking approaches.
Distance learning eSI sessions have to be offered at multiple times during the day to
capture those students who are working (in this case, they were offered at 11am to 1pm,
2pm to 5pm and after 5pm).
The actual provision of SI in a distance learning environment is considerably different to
that in an on-campus environment. The LMS (WebCT in this case) provided all course
information, lectures notes, the syllabus, course schedule and assignments in
asynchronous mode. A discussion board could be used as well as the traditional email for
communications. The primary tool was the CentraOne web conferencing software
allowing for synchronous communications (and recording of the sessions for later use).
The beauty of this approach is that both synchronous and asynchronous communications
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were being used to maximize the convenience and reach of the eSI sessions. Faculty
indicated that it is imperative that the eSI leader is very responsive to emails and
discussion postings. This clearly demonstrated to the students that the system is effective
and makes them more enthused about attending eSI sessions.
Research was conducted for the Active Networks I course (offered by the University of
North Carolina Charlotte) during 2002 to investigate the impact of eSI. There was
enthusiastic attendance and interaction by students as the work became more challenging.
The results were mixed in terms of improved performance with the last test showing a
decline in test scores compared to the earlier ones (perhaps due to another event such as
extraordinarily bad weather at the time of the final test). Yet the students were enthused
by the additional opportunities for more tutorials and increased interaction with faculty
and eSI leader. All in all, it is considered a worthwhile endeavor.
Perceptions of Instructor
Research conducted on asynchronous classes showed that the students’ opinions of their
instructors are relatively neutral (e.g. “My Instructor is effective in distance learning”).52
Perhaps students find the instructor hidden by the online medium. Even with frequent
communications through email/announcements/group chat sessions, this would still
appear to be insufficient. This should be kept in mind when assessing an instructor’s
overall performance.
Cultural Issues with Online Learning Acceptance in Asia
Whereas the Western world seems to have embraced online learning (both the good and
bad points), there is some uncertainty in Asia about this new form of education and it
hasn’t been accepted with as much enthusiasm there.53 Admittedly, there are some issues
with American and European online learning presentations occurring at inconvenient
times for Asians (e.g. different time zones), but the main reason is attributed to culture.
Anecdotal evidence is that Asian professionals appear to prefer classroom sessions for
their networking, social opportunities and because the instructor is regarded as the
“supreme oracle” and perhaps even, authority figure. This is in contrast to the Western
approach where the individual is perhaps emphasized more. Hence, care is required in
assuming that the take-up for online learning is uniform across the world. It is not.
Instructional Designers in the Online Learning World
A high quality online learning course is characterized by good quality learning techniques
backed up with good education theory.54 Often course designers are seduced by the
incredible (mainly computer-based) technologies available and lose sight of the main
objective of a course: to transfer knowledge and expertise. Online education for
instructional designers is a fast growing area with many different institutions offering
these courses, particularly in North America. There is some debate between undertaking a
shorter Graduate Certificate or a master degree with varying levels of enthusiasm for
either offering. Typical coursework includes learning and design theories, models and
instructional methodologies and strategies.
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It is essential that anyone presenting or designing online learning courses obtains some
form of training in this new area. In moving from the classroom to online learning, it
should not be considered a mere or incremental adjustment but a complete transformation
of the teaching and learning process. In examining the best program to undertake,
developers should consider what it is they want to achieve; is it to be an instructional
designer or instructor? The focus in any course today should be student-centered rather
than the traditional behaviorist approach. Costs can vary dramatically from $40,000 at
Florida State University for a Master of Science in Instructional Systems to $6,000 for an
E-learning and Online Teaching Graduate Certificate.
ePortfolios
It is suggested that any provision of education and training in engineering and sciences
should be linked to creation of an ePortfolio for a student.55 ePortfolios allow students to
store and modify information about their academic and broader graduate achievements as
well as skills development. Personal achievements are also included. This tool allows a
student to easily assess, reflect on and perhaps modify their personal development. These
can be a valuable tool of assessment (for example to demonstrate compliance with
professional engineering certification requirements) to show skills and knowledge
development. Finally, it can be used to provide comprehensive evidence to a would-be
employer. There are a number of wiki- and blog-based ePortfolio tools on the market,
including the Blackboard ePortfolio tool for Vista which can be thus tightly integrated
into the associated LMS.
The PebblePad ePortfolio tool was used for students at the University of South Australia
engaged in a computer hardware design course to self-assess themselves against
Engineers Australia criteria for stage 1 professional competencies and create reflective
blogs.56 There was some initial consternation about the activity and perhaps a more
descriptive rather than critical reflective result.
Online Can be Great for Students with Disabilities
Remote labs and online learning can be useful in assisting students with disabilities such
as inability to listen, think, speak, read, write, spell or undertake mathematical
calculations.57 A set of remote labs was devised for characterization of diodes, bipolar
junction transistors, LEDs and complementary metal oxide semiconductor test circuits.
The remote lab (called Automated internet Measurement Lab or AIM-lab) was based on
the GPIB bus with experimental instrumentation comprising a Hewlett Packard direct
current source/monitor with one source monitor for each measurement node. The student
client interface connected through to the lab via her web browser and Java applet. The
students, in using a videoconferencing tool (VIC) could interact with other students using
text chat, audio and video while working in the lab. These multiple communication
channels make for a more flexible ability to interface.
Why Not Swap Courses?
With the advent of the internet, a great suggestion is to export or swap courses between
different university faculties on a worldwide basis.58 Restricted budgets, time restrictions
and a shortage of qualified faculty make it challenging for any one faculty to offer a wide
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range of topics. Hence, in working with other faculties with tremendous programs,
instructors can enhance their offerings dramatically. There are a number of challenges in
accomplishing this such as payment for the course: how best to run the remote classroom
and other miscellaneous expenses? Finally, how does an institution provide credit for a
course from one university in another’s program? However, with the right will and
enthusiasm, these problems can be overcome providing a far richer curriculum for
students.
Ownership of Instructors’ Course Materials
Although copyright law can be rather painful to deal with, a rather murky issue which has
to be dealt with vigorously is the precise ownership of the materials to an online course–
the instructor who prepared them or the institution who remunerates her.59 The MerriamWebster dictionary defines copyright as, “..the exclusive legal right to reproduce, publish,
sell, or distribute the matter and form of something (as a literary, musical or artistic
work)”. The suggestion (at least under US law) is that if there isn’t an explicit written
agreement between a lecturer and an institution, the general rule is that the institution
owns the materials that lecturers produce as part of their job (or as known in US legal
parlance, “work for hire”).
When the courses were presented in a face-to-face classroom format, the potential for
conflict was not as great today in the online sphere where outstanding and leading-edge
digital course materials can command a significant market with potentially lucrative
revenues accruing. What has made the issue more complex is that it is unusual for all
online course materials today to be sourced from the one instructor but are often an
amalgam from different contributors (with the cost ultimately borne by the institution).
Solutions to this vexed problem range from institution to institution with some vesting
ownership of the course materials in the instructor, others having joint ownership of the
materials (between institution and instructor) to the institution (especially the for-profit
ones) having complete ownership. Some universities have used scope for vesting
ownership of course materials in the instructor as a way of compensating for perhaps,
desultory salary packages and attracting outstanding talent.
Perhaps the best solution to the problem is to initially draw up a clear contract to define
clearly how this issue is being dealt with. The precise way of dealing with the issue will,
of course, vary but our suggestion is that as the level of contribution to a course materials
ranges from minimal to considerable; a great way is to institute an agreement where the
course materials developed solely by the instructor (presumably who is paid for by the
institution for provision of this service) are jointly owned and can be used by both parties
as they see fit. The remaining course materials would still be exclusively owned by the
institution (and copyright of the institution). Naturally, the best approach, and the one that
we use, is to commission someone to put the materials together, deliver and record this
and to pay them for this. In this case, the copyright and ownership is exclusively vested in
the organization paying for the work. In any event, it is unlikely that any institution can
prevent a talented instructor presenting a topic of his demonstrated expertise to another
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institution for a fee (or selling a recording of those sessions for a fee) as long as he is not
using resources paid for by the first institution.
Online Office Hours
Office hours, where an instructor is available for contact outside the classroom, can be
made into a more-used resource by students when offered online.60 Anecdotally, it has
been reported by many lecturers that office hours used by students can be sporadic with
the majority of visits typically less than 10 minutes. An online approach to provision of
office hours offers some quirky advantages to students in terms of providing them with
anonymity (as they do not need to disclose their names), students can conduct peer-topeer sessions with each other and they can (passively) watch other students being tutored.
One of the challenges with provision of office hours through the web to engineering and
science students has been the difficulty in effectively writing mathematical symbols and
formulae, and a solution has been crafted with the freely available enVision software
package. This allows collaborative sharing of a whiteboard with a text chat facility. The
authors indicate that on their first-year calculus course they have had numbers ranging
from 10 up to 40 students (20% of their course) at their online office hours sessions.
Further to using this approach to office hours for on-campus students, there is naturally a
great opportunity to extend this to students on satellite campuses and to use this approach
(and software) for purely online students.
Community College to University Linkages
A successful model which is widely applied for remotely located students is in using
community colleges to provide the lower level engineering subjects, and then to stream in
the higher level courses to these remotely located classrooms through video and web
conferencing software.61 The success of the model does require strong committed
collaborative relationships to be developed between university and community college.
Scalability of Online Courses
Enrolments at East Carolina University in the Associates of Applied Science had jumped
from 170 students (2005) to 451 (2008) with a large proportion doing their courses
online.62 Due to concerns about the cost with the use of full-time faculty ranging from
three full-time faculty ($165,000) to one Learner Manager and 12 Content Integrators
($103,000), the latter structure was followed. A Learner Manager (effectively the
instructor) handled announcements, the syllabus, assignments, exams and overall
management. The Content Integrators were PhD students who had to grade assignments,
monitor the online discussions and answer day-to-day questions with each one allocated
to a section comprising 25 students.
While there were significant financial savings allowing scalability in the number of
students, there were some difficulties associated with using content integrators
particularly with falling behind in the grading of students’ work. As a week turnaround
had been guaranteed, this caused significant irritation on the part of the students. The
online model does help to standardize the subject matter and grading.
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Key Points and Applications
Chapter 14
The following are the key points and applications from this chapter entitled: Management
of Online Learning.
1. A good online program should include clearly structured and visible:
• Contact details of staff and support.
• Course information.
• Course materials.
• Structure.
• Course calendar.
• Assignment, lab, quiz and discussion boards submissions.
• Study tips, Time and Self management skills.
• Policies and procedures.
2. Instructor Guidelines
Teaching online is more work than in a classroom:
• Students need regular communications and quick feedback.
• Don’t go overboard with great tools available.
• Assignments and activities take longer online.
• Deadlines are critical in online teaching.
• Online learning is not for everyone.
• Get continual feedback from students.
• Collaborate with colleagues.
• Transform your classroom learning with your online experiences.
• Create a sense of community.
• Block off space to undertake online courses.
• Add emotion and humor.
• Participate vigorously.
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Chapter 15
Marketing of Online Learning
“Education is an admirable thing, but it is well to remember from time to time that
nothing that is worth knowing can be taught.”
– Oscar Wilde
Chapter Contents
15.1 Introduction
15.2 A Horrible Home Truth
15.3 Timing and Duration
15.4 Techniques to Improve Response Rates
15.5 Design of the Invitation
15.6 Running the Actual Webconference
15.7 Consider a Regular Newsletter
15.8 Use Online Learning to Promote Online Courses
15.9 Some Statistics from Marketing of Webinars
15.10 Consider Social Media for Promotion
15.11 Applications of Marketing
15.1 Introduction
This chapter will show you some proven approaches to follow in marketing your online
learning courses–and, naturally, in getting people to attend your courses. There is
naturally a perception that anything on the internet should be free, and this certainly
raises a few challenges in selling courses which can cost significant amounts of money to
create.
Initially, one should always consider the four Ps of marketing: What Product are you
selling; at what Price; how are you Promoting it and where are you selling it (Place)?
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Figure 15.1: The Four Ps of Marketing
The other perspective of online learning courses, in using the actual technologies for
online learning (particularly web conferencing) for marketing of your products and
services, will be emphasized.
Web seminars and online events are useful in marketing. As would be expected in a
survey of marketing professionals, 41% (slated to increase to 53% in 2009/10) use
webinars to generate leads and to provide customer training and sales training. The most
important features of a package are ease of use, ability to use application sharing, record
events for later playback and automated handling of invitations and registrations. It would
also appear that video is becoming a key part of any presentation (e.g. flash video). Video
would include video clips (from DVD / Flash / Windows Media), streaming video of the
presenter and of a product.1
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However, as web conferences are becoming so popular, it is obvious that participants can
only give up so many hours a month in attending them, so it is increasingly important to
make them as high quality and engaging as possible.2
Bear in mind that it is possible to provide recordings for those who can’t make it to
webinars or web conferences as live events.
Most of the discussion in terms of marketing relates to web conferencing as opposed to
asynchronous online presentations. However, there is no reason not to combine both
approaches by commencing with a web conference, and then providing an asynchronous
discussion board for later discussions of attendees. In addition, it can be useful to build in
a website where participants can access additional materials (such as videos and notes)
relating to the presentation.
This chapter on marketing of online learning courses covers a wide range of topics
commencing from poor attendance at live sessions, timing and duration of a webinar,
design of the invitation, newsletters, statistics and use of social media. The chapter is
concluded with a list of typical applications of marketing.
15.2 A Horrible Home Truth
One of the hidden truths of webinars is the extraordinarily low number attending them, as
contrasted with those booking.3 Typical no-show rates range from 40% to 70%. Factors
cited for this low attendance, besides the inevitable forgetfulness, include changing
perspectives of the need to attend due to other intruding priorities, the lack of
consequences if a student doesn’t attend, concerns that it may be a sales or low value
event and a student’s realization that reading the associated document would take five
minutes rather than being trapped in a seminar which could grind on for over an hour.
The low attendance at the casual web conference is in contrast to educational events
where the web conference is mandatory and no attendance could impact on the final
grade. Here, one would get a considerably higher number attending.
A suggestion is to ensure that there is a reason to attend the webinar because it is
interactive, collaborative, encourages live questions and forms part of an overall project.
A systematic reminder campaign of the webinars just before the event should also be
undertaken selling the benefits of attending. Another strategy is to provide a useful
whitepaper or other collateral materials to encourage attendance. An alternative way to
look at the issue is whether actual attendance is critical or not; as long as the information
is provided through print, recording or other means, does it matter whether the individual
actually attends?
15.3 Timing and Duration
There is a debate about the ideal time to run the seminar and this is further complicated
with participants from different time zones. For work-related seminars, the safest is
probably mid week during the middle of the day. Some success is being achieved with
good responses to marketing “webinars-while-you-lunch”. If it is of no benefit to a
company, only to an individual, the best is after work; say at 7pm.
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The ideal duration is a maximum of 50 minutes and typically of 20 to 30 minutes
duration. As at least 30% of the participants will join a few minutes after the official start
time, it is necessary that key points are made well into the middle of webinar.
Marketing Presentations
These should be kept short, to a maximum of 30 minutes. The audience is often
comprised of people who may not be that fired up to listen, so its necessary to work hard
on making the content as interesting and stimulating as possible. Avoid hammering away
with brutal selling of a product, as this will ensure that people lose all interest, but try to
make the presentation as interactive as possible and the audio and graphics as dynamic
and interesting as possible. A popular approach is to plant seed questions among
participants to pique interest amongst the group. It is obviously important to get across a
coherent answer to the, “What’s in it for me” question to all the participants. This is
always a challenging type of presentation as the information and conversation is mainly
one way. Ensure that the presentation is ended with a set of action steps for the
participants and all contact/sales information.
15.4 Techniques to Improve Response Rates
Some suggestions about improving the response to marketing webinars are as follows:4, 5
•

•

•

•

•
•
•

It doesn’t matter who you are when you are marketing yourself. The primary
source of interest to the would-be attendee out there is what the seminar is about
and how they can benefit from it. The internet is a true leveling medium providing
small time providers with the same opportunity as a multinational.
The content of the webinar should comprise must-have and relevant content and a
clear and unassailable benefit over a number of presentations with some linkage
between each webinar. The topic is the biggest factor in making a decision to
attend a web session. An outstanding and well-known speaker is another key
attribute. Bear in mind that using the same speaker again and again is likely to tire
potential attendees.
It is absolutely imperative to answer one central question: “What’s in it for me?”
It is quite irrelevant how good or useful the actual contents of the seminar are if a
provider can’t clearly communicate this vital point. To maximize this benefit,
providers will probably not only have to extol the virtues of the seminar but
provide a free book / whitepaper / chapter from a book / software or perhaps a
draw in a competition.
Avoid selling a product and service directly. No one is going to be interested in
attending these type of presentations. Focus on programs with a strong
educational content or a well-known third party who is an expert in the topic.
Ensure there is a clear set of measurable objectives with a clearly defined and
interested audience not too narrowly targeted or too wide.
Ensure that there is a tight match between target audience, presentation and
speakers.
Try not to overwhelm your audience with a high frequency series of topics but
stagger them over alternate weeks, for example. Try different days to improve

456

•

•

response. For example, some have found that Thursday is a better day than
Tuesday. Examine the starting time carefully. If you are based in New York, you
might find starting at 11am (instead of 2pm) will improve responses as you will
have European participants as well.
Don’t try and do too much with a webinar. Be specific and drill down as much as
possible to a key topic. Having a general topic that you think may appeal to more
people simply doesn’t work.
Segment the database meticulously. For example, break it down by engineering
category, civil/mechanical/electrical and instrumentation engineers and
technicians. A topic such as: Latest developments in structural engineering might
find a significant response for civil engineers but less so for electrical technicians,
so only market to those who are interested.

The email to drive the audience to attend must also be structured to excite and draw the
maximum possible audience. Email lists sourced internally are probably going to be
unlikely to be sufficient, thus joint ventures with other list brokers or companies should
be a key ingredient in marketing. It is unlikely that most of the attendees to one event will
come to the other in a series. The key method of getting people along has to be a high
quality list of contacts; in most cases, an in-house list that has been built up over many
years. Typically 90% of the bookings can come from this list.
Each event requires a strong marketing plan to ensure it attracts good numbers, probably
joint venturing with other list providers. When finished with one series, a provider should
be contemplating new hot topics and considering how to improve the existing series.
Every marketing campaign promoting a seminar is one providing market research for the
next campaign.
It is important to indicate these key details in your marketing:
•
•
•
•
•

Title of session.
Date and time.
Who the speaker is and why he is worth listening to.
Breakdown of the topic.
Call to action in a few locations to get them to register immediately.

Promote vigorously and often. One strategy is to promote two to three weeks in advance
and then every week. About two days before the session, another reminder to everyone
who had indicated interest with a final reminder an hour before the session starts. Ensure
there is an easy to contact number and email for those who have difficulty getting on.
Follow-up to all participants by sending copies of the materials; a recording of the session
and contact information for participants. Finally, those who indicated interest in being
contacted about some aspect of the presentation or a product/service should be called by
telephone.
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Analyze (and compare with other campaigns) the response by looking at such items as:
•
•
•
•
•
•
•
•

Overall response rate (number of participants/mailing size).
Email open rates (where possible).
Hard bounces.
Click through rates to the offer to attend.
Registrations (as opposed to those who actually attended).
Cost per participant.
Cost per lead if you are selling some sort of service or product.
Number of unsubscribes to the email campaigns.

In our experience, the typical response rate in terms of actual participants against those
who registered is about 30%. In following the abovementioned strategy, some suggest
that you can get up to 60% attendance / registration rate.
Don’t underestimate the administration required in managing the potential attendees. The
registration process has to be idiot-proof, simple and quick. Try and make it a one-click
process. As the complexity of the form increases, fewer people will complete it.
People are busy and forgetful about something that is incidental to their lives. Send an
automatic confirmation email at the time of the registration, and a day before and then a
few hours before the session commences.
Our experience leads us to believe that very few people listen to recordings of webinars.
However, this doesn’t matter. It is a great opportunity to contact those who didn’t attend
and to provide them with a copy of the recording and add further value to those who did
attend who will undoubtedly appreciate this gesture. This will strengthen your link with
them.
15.5 Design of the Invitation
You only have a few lines in which to get the key benefits across to your potential
audience. A great suggestion is to summarize the benefit in the subject line of the email.6
The marketing copy of the main body of the email should be unashamedly focused on
selling the benefits. No one cares much about the company, related products and
administrative information; they only want to know what is “in it” for them. The use of
bullets and simple English reinforcing the benefits is critical to the success of the
proposal. Ensure that the value of the give-away gift is reinforced Finally, a simple but
urgent call to action is required. What does the potential participant need to do to book on
the seminar. They need to click on an online registration page which is quick and easy to
fill in. Anything awkward and convoluted will reduce the registrations from 50% to 10%
in short order.
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15.6

Running the Actual Webconference

A few tips on maximizing your next webinar performance include:7
•

•

•

•

•

•

•

•

•

Don't suck webinar participants dry of every available bit of personal information
when they register. A name, email and company name is probably more than
adequate. Anything else is irritating for the would-be participant.
Avoid requiring mandatory information from participants before they can join.
Much of this information is irrelevant and probably supremely irritating to your
“wannabe” participant. People will often prefer to jump out of registering rather
than provide this possibly intrusive information.
Ensure 100% familiarity with the technology when presenting. Don't learn about
presenting at the last minute as this will come across as clumsy and unprepared in
the presentation. Practise, practise and practise some more.
“Death by PowerPoint”, as the expression goes. PowerPoint is not the be-all-andend-all of a presentation. It is a small part. Anyone who thinks a course should be
based on PowerPoint slides will be disappointed.
Get to the core of the program quickly. Many web presentations take an
inordinately long time to get into the core part of the program and spend a
considerable amount of initial time covering an introduction to the speakers,
fixing technical issues, promoting a company and doing some initial (generally
unwanted) sales promotion. This is unacceptable and will not create the right
atmosphere.
Cut down on the sales talk. Many programs spend most of the presentation selling
a product or service. This will lose considerable credibility, damage the future
delivery of web sessions, irritate the audience and definitely not sell the product
or service.
Failure to deliver value. You only have a short time; typically 45 minutes. You
must concentrate on delivering value throughout, so participants walk away and
rave about the presentation and feel satisfied with their investment in time. Ensure
that you don’t squeeze too much into the time available by a hyper speed
presentation. On the flip side, ensure that you don’t waffle and stretch out a
presentation unnecessarily.
Concentrate on interactivity. Although many feel this is contrived at times, it is
vital to get the participants involved throughout. Having a one-way presentation
from the speaker, with no feedback from the participants, is a questionable way of
teaching.
Make time for questions at the end of the presentation. Make time at the end of
the presentation for people to probe and ask questions, either via text chat or
audio.

15.7 Consider a Regular Newsletter
A suggestion is to use a regular newsletter to promote consulting and web conference
sessions.8 The concept is to promote to your potential clients on a monthly basis any
news items or useful snippets of information and thus "to stay in touch". A few important
points here are:
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•

•

•

•

Standardize your newsletter with a template. This could comprise an interesting
and vital topic, perhaps some details on the company is doing and finally a short
two line description at the bottom of the newsletter on what the company does.
Use a standard newsletter delivery service allowing you to compose the newsletter
in html, test it, manage the lists (such as unsubscribes or bounces) and finally
(vitally) track the results (e.g. the number that are opened).
Manage and segment subscribers into interest areas. This can be particularly
difficult, but is worth doing. The most powerful results in marketing come about
by sharpening the message to be relevant to the recipient. Finally, ensure that the
lists are opt-in. Although it doesn't cost to email an individual, it is best to ensure
that this person actually wants to be on your subscription list rather than is a
random subscriber who has absolutely zero interest in your products.
Finally, every newsletter sent out provides useful information for the next one.
Use people's feedback and comments to optimize and hone the next message.

15.8 Use Online Learning to Promote Online Courses
When promoting online learning courses, why not use a regular series of webcasts to do
the marketing and promotion of the courses? Our experience leads us to believe that
approximately 10% of those who attend the webcasts sign up for the courses. With a
fully-fledged live professional presentation of what the course involves, this can be surely
raised to over 30% (according to the experiences of the Academy of Art University in
San Francisco). This also minimizes expenses incurred in travelling throughout the
country running recruiting events. Obviously it’s important to ensure that after the event
there is plenty of supporting documentation and information on an easily located website.
15.9 Some Statistics from Marketing of Webinars
The World Trade Group claim that they had over 10,000 participants register in 2010 on
their webinars.9 They conducted a survey on what these participants ideally wanted from
their webinar experience with over 1,000 responses.
Over 21% of the respondents found out about upcoming webinars through the
professional networking site called LinkedIn, although inevitably most (42%) were
advised by email.
62% of the respondents stated that the topic of the webinar was what caused them to
register; the speaker only caused a surprising 13% to register. Paradoxically, in answer to
the further question, “What do you use webinars for?”, 39% indicated that it was to hear
leading industry speakers, closely followed by educational resource at 34%. In essence,
the key surely must be to get an outstanding speaker present on a topic of interest to your
market.
Other survey results showed that although the overwhelming majority (48%) only
attended one webinar per month, there were still significant numbers (14%) attending
more than five webinars per month. Suggestions for improving webinars included
providing additional content such as whitepapers (32%) and simple one-click registration
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(25%). Finally, there is considerable interest in online training and conferences (for a
total of 45%).
Marketing Suggestions for Management
As noted earlier, many companies use webinars to market products or services; however,
there is no reason why you can’t market online learning using this approach too. From a
marketing perspective there are five main techniques for lead generation: newsletters,
press releases, case studies, white papers and webinars. In 2008, a survey was conducted
by MarketingProfs of 500 business-to-business marketers to see what worked for them.10
The key attributes of a successful webinar were having dynamic recognizable speakers, a
clearly defined process for following up, marketing of the webinar and a clear definition
of the actual audience. The companies who have been doing it the longest felt it was the
most effective.
Some suggestions on a successful webinar include:
•
•

•
•

Plan for a realistic timetable in promoting the event with five to 20 days’ notice.
Do not even think of doing direct sales during the webinar. Great content in a
webinar will attract more people, keep them riveted during the presentation and
enhance your stickability for people to come back to your site.
Ensure that the right audience comes along.
Define the results of what you are hoping for, measure them and work on ways to
improve them for the next presentation.

15.10 Consider Social Media for Promotion
Social media can also assist with marketing of online courses.11 Wikipedia notes that,
“social media are media designed to be disseminated through social interaction, created
using highly accessible and scalable publishing techniques”. This is generally done
through a web-based site. The best known examples for engineering professionals would
be LinkedIn, Twitter and Facebook. Social media can be used to locate new students,
market to the students and access more varied and up-to-date information and trends.
Build an opt-in email list to promote webinars using free whitepapers and other
resources. One can source great content by trawling social media sites. Use social media
sites to research what is required in terms of webinar content. Create your own social
media site for students to allow them to interact and to deepen their learning experience.
Use the social media site to continue the conversation with students long after the
webinar has finished.
One way of improving the promotion of online training is to build a Twitter following
and use this especially to drive last-minute registrations. Use extensive and ongoing blogs
and online videos (from YouTube) to drive more interest in the course. Actively
participate in social media sites with postings, contributing to specialist forums, being
seen as an expert on a topic and also in promoting the webinar.
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15.11 Applications of Marketing
A few applications of marketing online courses are as follows:
Achieving Good Numbers for Summer School
Achieving good numbers for university summer school can sometimes be challenging
and insufficient numbers and thus income can result in their cancellation.12 The
University of Arkansas at Little Rock (Criminal Justice Department) promoted a
traditional face-to-face session with the added flexibility of an online component and
achieved the requisite numbers to make it financially viable. The course also had an
extremely high level of interaction, collaboration (using telephone conferencing) and
enthusiastic support from students. Although standard methods of marketing using the
web site were used, the innovation was in changing the standard face-to-face session to
an online component.
Promoting Engineering Distance Learning
The Engineering Institute of Technology (EIT) runs monthly web conferences lasting
about 45 minutes on a variety of topics. Although over 200 request details of sessions,
between 20 and 30 actually attend. A correlation has been identified between participants
and those who book on the 18-month advanced diploma programs. The challenge is to
keep the presentations fresh and interesting and of appeal to the mailing list. Marketing is
done only by use of the website and very limited use of the mailing list. Topics that
appeal are generally standard engineering subjects such as Troubleshooting Centrifugal
pumps or Troubleshooting a TCP/IP network. More esoteric topics, from gaming
applications to engineering disasters, although important, don’t draw numbers. Everyone
(including the non-attendees) is sent a recording of the session, a pdf of the PowerPoint
slides, other associated materials and marketing materials relating to upcoming diploma
courses. This has been found to be a successful way of marketing the EIT courses.
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Key Points and Applications
Chapter 15
The following are the key points and applications from this chapter entitled: Marketing of
Online Learning.
1. Webinars generally have very low numbers attending with typically 70% of
people not showing up.
2. Webinars are a good way to market courses.
3. Best duration of a marketing webinar is a maximum of 50 minutes but typically
20 to 30 minutes in duration.
4. Improving the response to marketing webinars include:
• Ensure the reasons for the webinar and the benefits to participants are
extraordinarily good.
• Ensure the content is very valuable.
• Avoid selling a product or service directly in the webinar.
• Ensure a tight match between target audience, presentation and speakers.
• Segment the database carefully to achieve the right audience.
5. Some typical statistics for webinars include:
• Don’t do too much in the webinar.
• 21% of participants found out through LinkedIn.
• 42% were advised by email.
• 62% indicated the topic was what caused them to register.
• 45% of respondents indicated an interest in online training and
conferences.
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Chapter 16
Applications
“Education is a progressive discovery of our own ignorance.”
– Will Durant
Chapter Contents
16.1 Introduction
16.2 Electrical, Electronics and Industrial Automation Engineering
16.3 Mechanical and Manufacturing Engineering
16.4 Chemical and Process Engineering
16.5 Information Technology (IT) and Computer Engineering
16.6 Nuclear Engineering
16.7 Civil Engineering
16.8 Mining Engineering
16.9 Miscellaneous
16.1 Introduction
The following examples relate to an overall application of online engineering education
and training (as opposed to only one facet such as remote labs or web conferencing).
It is broken down into the main sections outlined in the list above, ranging from electrical
through nuclear engineering to mining engineering, without distinction as to level of
course or whether it is a private provider, corporate, vocational or higher education. Note
that the categories are not tightly defined, hence you will find overlap between the
different disciplines in the discussions below.
16.2

Electrical, Electronics and Industrial Automation Engineering

A Digital Signal Processing Laboratory using the Moodle Learning Management
System
Due to concerns about copying of experimental results from one student group in one
year to a subsequent year, an innovative approach at the University of Saskatchewan was
constructed using a Learning Management System, Moodle, as the primary tool.1 This
approach could also be effective in providing tests and assignments to students scattered
around the world undertaking an assignment or test at different times and where there is
some risk of cheating. The course was to introduce students to the basics of using a DSP
processor chip and its associated interface hardware. Typical laboratories included
implementing a Finite Impulse Response (FIR) filter, demonstrating how hardware
interrupts and interrupt service routines work and designing and debugging a DSP
assembly program. Each of the four DSP laboratory modules is divided into the following
sections:
•
•

Objectives and learning topics.
Materials required.
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•
•
•

Introductory information on tackling the lab.
Specific tasks that need to be performed with questions (and a 10% penalty for
each incorrect answer).
Upload code to website for marking.

The first four items are implemented in Moodle (using the “lesson” structure). A “lesson”
comprises a number of pages, with each page ending with a question and a number of
possible answers, which the student has to get right before they are allowed to progress.
The specific tasks are implemented as a Moodle quiz. The uploading of code is
performed as a Moodle Assignment.
The quiz module within Moodle can be used to generate various question types such as
multiple choice, short answer, numerical, true-false, matching, embedding answers,
random short-answer matching, calculated questions and essay. These quiz questions are
placed in a database, creating a pool of questions which can be re-used. The feedback
from students was generally positive, although some students were unhappy with being
unable to review the task questions after they had been answered and not being
immediately advised of whether their answers to questions were correct or not. Due to
only 25% of the questions being individualized, it wasn’t possible for the answers to be
provided to the student. However, changes were made to advise students of their success
or otherwise and to allow them to resubmit answers (but being penalized by 10% of the
mark).
Classroom-based Lectures with Online Engineering Labs
A remote laboratory (based initially on a servomechanism) was used by the instructor to
perform live demonstrations in front of the class during the lectures.2 This made it easier
to demonstrate (typically in about 5 minutes) live experiments without the disruption of
the students leaving the classroom to go to a laboratory. The architecture comprised a
client server with the local server directly connected to the physical equipment and
process. A video camera and microphone were also connected to the server to give some
more realistic feedback. The software used was LabVIEW using Virtual Instruments (VI)
as the individual components. The client area was broken up into four areas: a scope area
for displaying the time relationships of all signals, a visual area comprising a video with
virtual markers superimposed on the real image, a parameters area for making
adjustments to the process (such as step change output, controller gain, integral and
derivative time constants) and an administrative area for log in.
There were four streams of data that needed to be balanced in terms of bandwidth usage.
These included a parameter stream, a data stream, an administrative stream and an audio
visual stream (taking up most of the bandwidth). An additional feature was to simulate
the process so that if packets were lost, the experiment would continue but as a
simulation. It was felt that this approach to demonstrating an experiment was far easier to
implement and more versatile as opposed to creating complex simulation models.
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Delivery of Electrical / Electronics Engineering Associate Degree with Hands-on
Laboratory
The delivery of the distance learning course was based on WebCT as the LMS. The
overall target was to make the online as close as possible to the equivalent classroom
courses.3 In order to give the students real lab experiences, the use of real lab kits and
components was built into the program so that the students could conduct these
experiments at home. Each lab trainer kit comprised a breadboard with fixed and variable
power supply, a sine, square and triangular waveform generator, toggle switches and
buffered LED indicators. In addition, the students required a digital multimeter, sound
card and oscilloscope probes, and a simple tool kit. Typical labs varied from
measurement of resistance, Ohm’s Law and Thevenin’s Theorem to construction of a
Wheatstone Bridge.
The course management system was tightly organized to ensure the student received
weekly modules comprising lecture notes, training modules and assignments. Weekly
quizzes were given to ensure the knowledge was being absorbed. An electronic calendar,
regular announcements and a discussion forum were used to emphasize assignment
deadlines and any problems.
Live regular chat and video sessions were used with Adobe Connect being the web
conferencing tool employed. Recordings of the sessions were provided to all participants.
These were used for effective review sessions before tests and examinations.
The threaded discussion forum was used to post comments in an asynchronous way thus
allowing students and instructor to keep in touch with all messages being kept for the
duration of the course.
The final examination was supervised (at a local library or reasonably “secure”
environment) to maintain integrity of the results.
A comparison between student scores between online and classroom-based courses
revealed no significant difference. The aspect of the course that students enjoyed the most
was the hands-on lab session they conducted in their homes.
Provision of Courses from an Engineering Degree Program
This project4 was designed for provision of courses (Circuits and Electronics and Signals
and Systems) forming part of a Bachelor of Science degree in engineering. Students
located far away from the university campus wishing to pursue a bachelor’s degree in
engineering have a few choices: attend day-time (or evening) sessions with considerable
sacrifice in terms of travel, undertake a completely online course (which at present is
unlikely to be acceptable to obtain registration as a professional engineer) or enroll in a
course at a satellite campus. The approach followed at Seattle Pacific University was to
approach it in a blended manner where certain classroom sessions were offered using
synchronous online learning using Adobe Connect. Two campus classrooms were set up
with a Tablet PC, microphones, speakers, LCD projector, document camera and
webcams. The instructor can mark up the PowerPoint slides on the Tablet PC during the
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lecture. The audio was mixed and derived from two array microphones that picked up
student comments, with a locally located microphone for the instructor to be used when
the students were talking during group work. Due to poor resolution, a webcam that
pointed towards the projector screen only gave a vague representation of the objects
there.
During out-of-lecture times, the remote students could discuss issues with the instructor
on the phone and using the Tablet PC to share notes. Students’ assignments (done
electronically) were marked up by the instructor using the Tablet PC to make comments
directly.
There were multiple fall-back scenarios if one of the items of equipment failed. For
example, if the video projector failed, the document camera would be oriented towards
the whiteboard screen. If the Tablet PC failed, the spare instructor PC would be used in
conjunction with the document camera and if the audio system failed, the PC’s internal
microphone would be deployed.
Labs were not done remotely but combined into blocks of time when the student would
still have to come to campus but not necessarily during normal working hours.
Examinations were still done on campus.
Recordings of the courses are done and this has enabled students who are remotely
located, ill or travelling to review the sessions. A lecturer was even able to pre-record his
session as he was going to be away during the time of his scheduled presentation.
Challenges that had to be overcome were limited bandwidth (when using video), mainly
audio and visual (e.g. cost vs. audio quality/bandwidth), instructors having to think in
terms of remote delivery (e.g. avoid using the traditional whiteboard but the Tablet PC)
and minimizing the drain on the instructor’s time with daily set up.
32 students were surveyed and the response was generally acceptable, apart from issues
with the technology being distracting and IT technical support required. However, being
physically present was still the preferred option.
Students were mildly supportive of the remote delivery but overall mainly preferred
having classroom sessions. The plan now is to expand the delivery to more students and
to encompass the entire Bachelor of Science in Engineering program. The aim is not to
replace the traditional classroom but to offer support for working students and to enhance
the experience for on-campus students with more resources (during actual lectures) and
recordings.
E-lectures and Podcasts for Optic Fiber Undergraduate Engineering Course
Although this example of an online learning application does not use synchronous online
learning, it has a number of techniques that would be excellent to apply in a blended
setting with web conferencing. It is thus worth examining.
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A blended approach5 is applied in this example to what was a traditional classroom-based
university undergraduate engineering course comprising 6.5 hours per week for 14 weeks
and transformed the existing course into an online offering. E-lectures were used to
deliver the core lecture content and were supplemented by podcasts.
It was pointed out that the traditional recording of live lectures from a classroom session
is not particularly effective, mainly because they are not designed specifically for later
learning with no personal engagement possible. In addition, recorded lectures may refer
to events that are not appropriate and have humor and other context-specific information
that is not relevant in a recording and can cause considerable distraction. Traditional
recordings can undoubtedly still be useful for revision purposes but not for the core
purpose of acquiring knowledge.
The blended learning approach espoused here is broken down as follows:
•
•
•

Four overall sections (optical fibers, light detectors, light emitters and optical fiber
systems) were created.
Each section (actually the first three) was broken into learning units (normally
eight), a summative assessment, group work, podcasts and a discussion board.
Each learning unit (with typically two hours study required) was broken into a list
of objectives, e-lectures, video clips, website links, animations, background
reading material and formative quizzes.

The two critical ingredients were e-lectures and podcasts. An e-lecture (about 10 minutes
in duration) was specifically designed for later review and comprised a PowerPoint slide
interface with audio, transcripts and video-type controls for pausing and rewinding.
An (audio only) podcast, of about 10 minutes duration, was recorded and delivered at the
beginning of each week (via the Blackboard LMS site). The podcast consisted of a
comment, feedback and feedforward on current events in the class, concluded with a
humorous comment.
The assessment of this approach (using quantitative and qualitative feedback) showed
that the median performance mark for students moved from 60% for classroom-based
sessions (1998 to 2000) to 73% for the current e-lecture approach (2004 to 2009). The
qualitative feedback from students showed that this approach allowed for students at
different levels and provided active pacing with online summative assessments critical to
keeping students up with the taught materials with the podcasts livening the course up
and keeping it fresh and current. Overall, students indicate satisfaction with this
approach, although they did indicate they didn’t want the face-to-face approach to
disappear completely.
Whilst the qualitative interviews are exceptionally illustrative of the success of this
approach, there is no quantitative discussion on how the issue of avoiding the students
cramming the materials is concerned. In other words, no information was provided on
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when students access the materials (e.g. immediately before an assignment is due) or the
overall attrition rate with this approach compared to that of classroom sessions.
Blended Learning for Broadcast Engineering
Ravensbourne College of Design and Communication implemented a Moodle LMS for
their Broadcast Engineering classes.6 Moodle is used for course delivery, assessment and
feedback. Instructors have applied podcasting and vodcasting technologies to enhance
their classroom teaching activities. The idea is that adding online learning and LMSs to
the classroom activities can improve the students' learning environment. Feedback from
students was positive for the implementation of the LMS but less so for the vodcasting
and podcasting lectures. 75% of the students claimed that they used the Moodle LMS at
least twice a week.
An Attempt to Make Distance Learning Directly Equivalent to the Equivalent Oncampus Experience
An attempt was made to modify the Electrical Engineering Technology distance learning
program at the Old Dominion University to allow remote students to have the same
experimental and deliverable experience as their on-campus colleagues.7 ABET, the US
engineering accreditation body felt that distance learning courses should not differ from
their on-campus counterparts. However, as discussed below, because of various logistical
challenges this ended up not being possible.
The particular course reviewed for a more on-campus experience for the remotely located
students was the microprocessor lab, which is based on the Microchip PIC 16F84A
microcontroller, where the students are required to construct several microcontroller
experimental circuits. Students purchase these components for these courses and perform
a number of experiments in increasing level of difficulty through the course. The grading
for the course is based around verifying the hardware performance of each project,
review of the programming code (either Assembly or C++) and periodic quizzes on the
materials covered.
A comparison was made in the use of Microsoft’s NetMeeting, Adobe Systems Acrobat
Connect Professional (formerly Macromedia Breeze) and Blackboard Virtual Classroom
LMS for providing a closer on-campus structure. It was found that both Blackboard and
NetMeeting dropped students from the virtual meeting rooms at random, with larger class
sizes making this problem worse for Blackboard. The preferable platform was considered
to be Acrobat Connect for providing the remote students with an authentic on-campus
classroom experience. Blackboard was considered to be effective as an LMS in providing
access to course materials, grades, email and threaded discussions.
Extension of Two-year Community College Programs
A growing number of two-year community college graduates are keen to extend their
degrees with a four-year Electronic Engineering Bachelor of Technology program but are
unable to do this because of job, family commitments or in residing in isolated locations.8
A solution proposed by East Tennessee State University is to provide a distance learning
solution with lab sessions based around the National Instruments ELVIS (Educational
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Laboratory Virtual Instrumentation Suite) product. This provides a versatile solution
based on a computer, experiment board, data acquisition card and an interface board,
providing full functionality with such equipment as transistor curve tracer, programmable
power supplies and arbitrary waveform analyzer. Three ELVIS systems were set up as
remote labs for students to access. The LabVIEW software has the ability to function as a
remote lab server, thus allowing access for remote students at no additional cost. Control
can be easily passed to other students or the instructor, all operating remotely.
They used two assessment instruments: one for the students and one for instructors to
assess the success of the labs. These adhered to the following criteria.
Student Quality Indicators (Completed by the Student)
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Connection with the professor.
Connection with other students.
Student-centered.
Expectations clearly articulated.
Effective instructor-to-student communication.
Effective student-to-instructor communication.
Effective student-to-student communication.
Anytime, any place learning.
Self-paced schedule.
Simulates an in-class "feel".
Small classes.
Clear, timely and meaningful feedback.
Adequately prepared for online course.
Incorporation of leading edge technologies.
Self-reported learning.
Challenging learning.

Course-content Quality Indicators in an Online Course (Completed by the Instructor):
•
•
•
•
•
•

Timeliness.
Learning.
Quality.
Teamwork.
Oral and written communication.
Incorporation of leading edge technologies.

Augmented Classroom Sessions with Advanced Digital Design Course
A traditional advanced digital design course was converted to distance learning at the
Division of Engineering Technology in the College of Engineering at Wayne State
University in a blended format with face-to-face presentations on the main campus that
were simultaneously broadcasted to another site for distance learning students using a
custom-built system by ICI Company based on ISDN technology called Coelive.9 The
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labs were based on the free copies of the Altera Corporation's Programmable Logic
Design design software package together with the associated hardware lab kits that could
be purchased for $149 each. Distance learning students downloaded the free software in
order to perform the labs. Students had the option to either come onto the campus labs to
perform the hardware portion of their labs or use the low-cost kits and perform this
activity at home. The Blackboard LMS was used as the course management software for
downloading class and lab resources, submitting assignments and obtaining course
grades.
According to the anonymous post-course survey, the students were very positive about
the overall experience and convenience–especially as this approached allowed them the
flexibility of attending face-to-face lectures or remotely attending synchronous
presentations (or indeed, reviewing the recordings) .
Remote Labs and Synchronous Lectures
Wayne State University College of Engineering changed from a custom-built remote
delivery of lectures package over ISDN because it could only be delivered to specific
locations.10 In addition, the cost was considered high, presumably because of the ISDN
connection.
A new tool was developed for Wayne State to provide both synchronous and
asynchronous communications. Synchronous communications were considered useful as
they provided quick feedback and a higher level of student motivation. Three types of
tools were provided: Peer-to-peer interaction between instructors and students with
instant messaging, application sharing and full duplex audio and video. Multi-user
interaction allowed for audio and videoconferencing, viewing slides and recordings. The
third element was groupware interaction allowing for contact information, scheduling
meetings and calendars.
This software was used within the Advanced Digital Design class with a lab session
allowing students to log on and attend lectures anywhere (and use their own web
cameras). Recordings could be reviewed later to enhance the presentation. As an option,
programmable logic device tool kits were used at home by the students (effectively
home-labs).
The opportunities for this system were increased flexibility for students (working at home
or on-campus) and in viewing recordings on demand. Creation of specific PowerPoint
slides for lectures was however considered somewhat of a time consuming exercise.
Assessment of Quality and Effectiveness of Online Education at Excelsior College
In 2007, Excelsior College was offering 72 online courses to 4500 students using
asynchronous web delivery with the WebCT LMS being used for delivery.11 The two
online degree programs–the Bachelor of Electronic Engineering Technology and the
Bachelor of Nuclear Engineering Technology–were assessed for quality and
effectiveness.
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The four key elements of quality and effectiveness of online education were considered to
be:
•
•
•
•

Access.
Student Learning.
Student Satisfaction.
Instructor Satisfaction.

The Quality Matters rubric developed by the Quality Matters Organization
(qualitymatters.org) was used to assess the quality of course content. This comprised
eight sections: Overview and introduction, objectives, assessment and measurement,
resources and materials, learner engagement, course technology, learner support and
accessibility. The people involved in assessing the quality of the courses included the
subject matter expert, the project manager and the managers for online delivery. Every
new course introduced has to go through this rigorous process before being allowed to be
run.
In addition, there was an in-class evaluation by students comprising 26 questions, ranging
from instructor-learner interaction, adequacy of technology and support, responsiveness
and capability of staff. The students indicated a high level of satisfaction with the quality
of the courses, and the quality and effectiveness of instruction and delivery system.
There was also a Quality of Service survey, investigating the level of academic rigor and
difficulty of the online courses. There was an indication that the academic level may need
to be increased. Finally, there was a survey about value, cost and quality of the courses
with the results showing neutral or positive. These results were benchmarked against
other institutions such as University of Georgia and Indiana University showing similar
outcomes.
Online Learning in the Classroom and On-campus
The application of distance learning technologies to on-campus students has been applied
by the Purdue University Electrical and Computer Engineering faculty commencing in
August 2005.12 Lecture materials were pre-recorded and delivered through streaming
video. Students also were required to attend compulsory lab sessions where they
undertook lab work and homework problems. This was for a programming course entitled
Object-oriented Programming using C++ and Java. All lectures were recorded in advance
using Camtasia Studio and a Tablet PC for handwritten comments on the slides. Four
programming assignments were required: one in Java; one in C++ and the other two in an
optional language. There were eight homework assignments, each with five questions that
could be automatically graded by WebCT. Three mid-term exams and one final exam had
to be undertaken in the classroom.
There were three sessions scheduled per week for the class; of these two, lecture videos
were provided and for the remaining session, students could attend the lab. The only real
interaction with instructors was during the 12 graded lab assignments that could only be
signed off when a student physically fronted up in the computer lab.
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In summary, there were a number of different technologies and approaches adopted:
•

•
•
•
•
•

Online lectures and tutorials, comprising tutorials of software tools and lectures.
Each 50-minute recorded lecture required an hour to prepare, another hour and a
half to record and two more hours to edit into an appropriate video format.
Online homework. A student can submit homework multiple times with the
highest score recorded.
Classroom response system. All students respond anonymously to questions
posed by the instructor using a Classroom Performance System.
Online newsgroup. Online questions were posed by students and answered by
other students and the instructor.
Online chat room. This wasn’t used, so it was converted to a traditional face-toface office hour.
Working in teams. The students were often broken into teams of 2 or 3 for each
programming assignment.

A survey of the 16 students in the Fall 2006 cohort showed that the online newsgroup
was considered the most effective with online video tutorials considered the next most
effective. A second survey of 27 students in Fall 2007, indicated that the online
newsgroup was again the most effective followed by working in teams.
Mixed Fortunes in Changing Freshman Engineering Technologies to an Online
Format
Two courses were converted to online format at the Electrical and Computer Engineering
Technology Department at IUPUI (Indiana University-Purdue University Indianapolis)
with mixed results.13 These were the Digital Fundamentals and Applied Object Oriented
Programming courses aimed at first year ("freshman") engineering students. The work to
convert them was done over the three years preceding 2006. Each course was structured
as a series of modules (six for digital fundamentals and eight for the programming one);
each module had an introduction, lesson pages with reading assignments, solved
problems, homework, one to three projects and a review. Each course had optional help
sessions on campus and free tutoring (up to 20 hours per week).
However, the subsequent student reviews showed a high degree of dissatisfaction. In
addition, there was a higher percentage of withdrawals (30%) compared to the percentage
of withdrawals on-campus (6%). This inevitably raises the question of whether the
"wrong" students signed up for these courses as they were online and thus perhaps
considered easier or more convenient, without any consideration for the preferred
learning style of the student and the increased self-discipline required.
A solution was to provide online courses later on in a student's college career. By this
time, the student may have had experience with other difficult subjects, worked in labs,
developed more computer, problem solving and communications skills and could thus
decide whether their learning style was indeed suited to distance learning. It is interesting
to note that the students' final results were similar for both classroom and online formats
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of the course. It is suggested that this may be due to more highly motivated and able
students "surviving" to the end of the course.
Renewable Energy Virtual Lab and Online Learning
The cost of upgrading or establishing a renewable energy lab can be high and online
learning coupled with virtual labs offers a low-cost alternative.14 A graduate / senior
undergraduate level course on alternative energy distributed generation systems was
established at Drexel University. The course was based on a multi-source wind /
photovoltatics (PV) / fuel cell power generation system which could either operate in
stand-alone mode or be connected to the grid. The course was more broad-based than
other offerings. After an introduction to basic electrical power engineering and energy, it
proceeded through distributed generation, wind energy, solar energy, energy storage
systems as well as fuel cell technologies, concluding with a final project.
MATLAB-Simulink models were constructed from system preprocessed data of a wind
turbine generator, PV solar array, fuel cells, batteries and renewable energy interfacing
and control. These were then used by the distance learning students in the course for
experimentation.
A Master’s Degree in Remote Engineering
A course which was part of a master’s degree in remote engineering entitled Rapid
Prototyping of Digital Systems (developed by the Ilmenau University of Technology)
was created.15 In this course the students learned about rapid prototyping of embedded
digital control systems, how to apply CAD tools, logical simulation and synthesis. An
initial one-day lecture was used to present the basic theoretical concepts and laboratory
practices. The remaining lectures were conducted in a distance learning mode using the
Moodle LMS. Most of the assignments were hands-on, using a prototyping board to learn
about the basics of Boolean algebra, combinational logic and simple sequential circuits,
as applied to embedded controllers. Initially, a data acquisition card was used to read and
update the status of the I/O pins of the board, but later a PIC microcontroller was used
with a 70% reduction in the cost of the overall system. Initially, the prototyping board
had to be accessed physically at the relevant university, but later this was set up as a
remote lab for enhanced convenience of the students.
LabVIEW remote panel technology was used to publish the web pages that contained the
embedded pages of the board. The MAX+PLUS II development environment provided a
way of simulating the test environments for programs written by the student; before these
were downloaded to the remote system. The MAX+PLUS II development environment
was accessed remotely using a Citrix Presentation Server. This development environment
allowed for development and testing of the program before it was downloaded (via
Citrix) to the test board.
The iLab Shared Architecture (ISA) software (developed by MIT) was used to add in
user management, data storage and scheduling of lab sessions. A survey was conducted
of the students who were undertaking this course and the responses were instructive.
About 80% of respondents believed the remote lab could replace the localized
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experiment. Almost 60% indicated that they could not see any significant difference
between the remote lab and the physical “hands-on” labs. Overall, all indicated moderate
to a high level of satisfaction with the online lab.
Remote Labs in Uganda
Makerere University in Uganda used the NI ELVIS II hardware, LabVIEW and Multisim
software to teach digital electronics to computer, electrical and telecommunications
engineering students using remote labs based around MIT’s iLabs Shared Architecture.16
During the period 2008 to 2010, over 446 students undertook these labs. In the first lab,
students used the ELVIS hardware (and digital inputs and outputs) together with a
LabVIEW VI to construct various combinations of NAND gates to create certain
applications such as binary half and full adders, shift registers and combinational logic.
NI Multisim was then used to simulate the NI ELVIS instruments. Finally, the online
remote lab was used to perform experiments such as logic gate characterization,
applications of NAND gates and latches as memory devices.
Online and On-campus Engineering Course in Automatic Identification
Automatic Identification and Data Capture (AIDC) is a junior level course in the
Industrial Technology and Computer Information Technology Department of Purdue
University.17 Both online and on-campus versions of the course are based around the
WebCT Vista LMS. The on-campus course comprised assignments, readings and online
quizzes together with classroom sessions, while the online course was totally
asynchronous. Each on-campus lecture was digitized and streamed to students ondemand.
There were three categories of labs: identical online and on-campus labs, some which
were not interchangeable, and a set that was convertible with some modifications.
The remote students connected to the 18 labs using RealVNC 4.0 software that allowed
the students to connect to one of five computers in the campus labs. It was estimated that
80% of the labs could be completed remotely. A survey was done in 2005 of 69 oncampus and 6 online students with the following results:
•
•
•

Distance students spent 22 minutes per lab session against that of 17 minutes for
on-campus students.
In the labs, the distance education students had an average score of 76% against
that of 89% for on-campus students.
There was no statistical difference in the exam results for the online and oncampus students.

The difference in the lab results are most likely due to the fact that the labs were more
challenging for the distance students, thanks to the lack of intuitively obvious software
(especially for the RFID and contact memory lab software) and the lack of any lab
assistant available to help with the installation of the RealVNC software, troubleshoot
problems and guide with the lab work. More work needed to be done here to improve
these labs for online students.
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A Complete Web and Video-conference-based Electrical Engineering Degree
Program
The University of Wisconsin, Platteville has successfully migrated to a blended solution
for provision of a four-year Bachelor of Engineering Program especially aimed at remote
community college students (who were previously only able to undertake a two-year
program).18
The suggestion is that the two main reasons for undergraduate electrical engineering
programs not being transferred in their entirety to the web is because of the high
mathematical intensity of the program and need for proper hands-on laboratories. The use
of web and videoconferencing software is now able to solve the former problem in that a
common whiteboard and application programs can be easily shared with remote students.
The labs are still a somewhat intractable issue with virtual labs not being considered
sufficiently hands-on and reflecting real world engineering experience, and the software
can be expensive. Portable kits (such as the National Instruments’ ELVIS system) were
considered to be a potential solution and could be used for the more basic introductory
courses. The alternative selected was to place portable labs at each remote community
college for a short period of time and require the students to attend these. The web
conferencing software was used in a one-on-one basis for the instructor to test the
students understanding of aspects of the labs. Student preparation was enhanced by
requiring students to perform pre- and post-tests for each lab project.
The lectures were offered using streaming video technology and placed on the
Desire2Learn LMS on the class home page (where all the other course materials were
located) within 20 minutes of completion. They could then be viewed by the students at
their convenience. Regular weekly office hours were arranged for each student using the
Adobe Connect Pro web conferencing software. Remote students were provided with
Tablet PCs with all the required software preloaded. An option to be considered for the
future is to allow students remote access to all the software installed at the main campus.
The lessons learned from this experience were manifold:
•

•
•
•

Ensure that distance students are informed of expectations and requirements (such
as lab locations and times) at the outset. All materials and communications should
be through one simple class web page.
Regular office hours for student assistance should be established using web
conferencing software.
Instructors need additional time to prepare courses and in learning the technology.
Remote troubleshooting of remote design projects is something that needs to be
worked on, using webcams and remote access for instructors.

Since the program was initiated in 2008, over 200 students have completed these distance
learning courses.
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Online Graduate Engineering Technology Course
Drexel University has recently created a new Master of Science in Engineering
Technology that focused on applied aspects of technology such as programmable devices
(including microcontrollers, programmable logic controllers (PLCs) and Field
Programmable Gate Arrays).19
Each week’s lecture has an accompanying set of labs. Each PLC workstation comprised a
Programmable Logic Controller trainer system (Allen Bradley) and electro-pneumatic
and motor application panels with a webcam to monitor all items. Similarly, the
microcontroller workstations are built around Dragon12-Plus Development boards based
on a Freescale microcontroller, whilst the FPGA labs use a BASYS 2 FPGA board from
Digilent.
Lab access software was built around the UltraVNC server (uvnc.com) and was selected
in preference to the ubiquitous Windows Remote Desktop, as it was considered more
reliable and easier to use. It also did not lock out the local display and controls thus
allowing a local instructor (physically in the lab) to assist the remote student. Voice
communication was achieved using VoIP. There were some delays, typically up to a few
hundred milliseconds, which were noticeable but not irritating. For slower connections,
the resolution of the webcam was changed from 640x480 to 320x240 and the color depth
was reduced.
Although the VNC software allowed complete control of all program development, it
didn’t allow control of physical inputs such as switches. A relay box was thus created
using a PIC16F887 microcontroller and support circuitry (relay switched inputs with
1KOhm current limiting resistor and Zener Diode Combination). An onscreen virtual
panel could then be used by the student to switch inputs on and off, just as with local
students. A RS-232 interface connects the virtual panel to the relay panel. In addition, 16
outputs from the PLC (or any other hardware) are monitored by the virtual relay panel as
well as with LEDs on the relay box.
Assessment was conducted via written examinations, homework, participation in online
discussion forums and lab reports. Finally, an online project was undertaken on either the
PLC, microcontroller or FPGA trainer and a program file was submitted.
A Somewhat Dated DSP Experience that is nonetheless Applicable Today
An online Digital Signal Processing (DSP) course for practicing engineers was put
together at the Georgia Institute of Technology, focusing on the implementation of DSP
algorithms on fixed-point processors with three threads: system theory, real-time
implementation principles and lab exercises.20
Industry has been very active in providing short courses and webinars on aspects of
application of their DSP chips; however, the application of theory to real scenarios has
been more patchy and this online course fills a gap, especially for working professionals
looking for after-hours education. The course length was designed to be one semester of
12 weeks.
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The aspect of these courses considered the most challenging–the labs–was conducted
using a DSP board attached to a student’s computer. Streaming video (a small headshot
of the presenter) with an HTML presentation was used to keep the bandwidth demands
modest. Modules comprised 5-15 minute streaming presentations, online quizzes and
assignments. An LMS (WebCT) was used for the framework to log in, produce the web
pages and for interaction. However, it took an enormous amount of time to produce a
professional course and far more individual attention for students than in a traditional
classroom. There was initially very strong attendance with 65 students in September
2000. Surely, this must be one of the pioneering online courses in engineering education.
Failure of a Highly Interactive Online Program
Whilst failure can be regarded unfavorably, it can be useful in preventing similar
situations happening in future.21 An electrical utility in Australia had contracted the
Engineering Institute of Technology to run a few courses relating to their incoming
apprentices on basic electrical engineering topics. However, after a few months the
program was terminated as there was a level of dissatisfaction from the students and a
drop off in numbers (from a commencing class of 9 to a paltry 4).
The courses were structured with an initial two hours (from 9am to 11am), a break of two
hours where assignments would be undertaken and then another session from 1pm to
3pm. Elluminate was used for the presentations (with tablets and application sharing).
Electromeet software was used to conduct a few remote labs. The students were given
basic kits with which to test the basic principles of electrical engineering and webcams so
that the instructor could show them how to fix any issues that came up. The instructor
was highly interactive, knowledgeable and enthusiastic and had superb course materials.
To all intents and purposes, the course should have been very successful.
However, there were some major problems:
•

•

•

•

•

An equivalent cohort of students was provided with time-off to travel to a local
college (with hotel accommodation and allowances) with opportunities for
socializing. The distance learning students didn’t receive these benefits.
It was not easy for the local managers to be 100% supportive in terms of
providing an environment conducive to learning (noisy/lack of interest in their
study) as they had their own (often critical) operational commitments.
There were major technical problems with the use of the broadband internet
connection with frequent dropouts and inability to run certain items of software or
to access YouTube videos.
Students were somewhat immature and not suited to sitting in front of a computer
for hours on end listening to a remote instructor teaching them a highly technical
subject.
The entry level of the students should have been tested beforehand as some of
their mathematics and arithmetic skills were inadequate to cope with the basic
materials.
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These would all need to be resolved before commencing the teaching of this type of
online course again. It should be remarked that the electrical utility should be
commended for experimenting with new forms of training and their overall experience
with online engineering training has been good.
16.3

Mechanical and Manufacturing Engineering

Harley Davidson and a Master’s Degree
An interesting example of the process in achieving a master’s degree in engineering was
explained by an engineer from Harley Davidson.22
Leah Bober has worked for Harley Davidson as a powertrain engineer and was doing an
online Masters degree in engineering in engine systems through the University of
Wisconsin-Madison. After meeting with students online, she then attended a 5-day
summer program on campus. The week before each online class session, presented
through web conferencing, she received a CD with PowerPoint presentations on it and
was required to discuss this with the other students in her class. Homework assignments
and other projects were presented by the individual teams in a collaborative environment
where everyone could view the presentations. She considered the diversity in student
occupations, ages and degree of experience as contributing enormously to the learning
experience with each class having 10 to 15 students. She felt that this level of interaction
in a residential campus course would be highly unlikely.
One of the First Examples of Distance Learning and Remote Laboratory
Washington State University has campuses at a variety of locations such as Spokane,
Pullman, Tri-cities, Vancouver and the Boeing Aircraft Company. They found that the
quality of education varied due to the variety of equipment at each location. They felt at
the time (2001) that one of the major difficulties with remote laboratories was the
inability to stream live video over the internet due to bandwidth restrictions. They set up
a junior level manufacturing processes laboratory course that requires a modular
production system, Allen Bradley SLC 505 programmable logic Controllers and a
Mitsubishi RV-M1 industrial robot (accessed through a virtual teach pendant). All
equipment can be directly accessed via Ethernet through the internet and was located at
the Vancouver campus. Students were grouped in teams of two or three at each site. The
client machines at all the campuses had the PLC and SCADA software installed together
with access to the industrial robot. A dedicated videoconferencing link for transferring
the instructor interactions as well as views of the laboratory was used in addition to the
internet connection that was focused mainly on the actual programming of the various
devices.
In addition to the usual advantages for a remote laboratory, there was no need for a
customized curriculum for each location and a standardized quality in education was
achieved. Other benefits were active competition between the different teams of students
on the different sites that could never be achieved with simulations or only videos of
equipment. The main disadvantages were that it was time consuming to create the
curriculum, difficult to maintain software on the client machines, impossible to test the

479

laboratories prior to offering them to the students and the interactive dedicated
videoconferencing system could not be offered in all states. The overall feedback from
the students was excellent apart from one laboratory where there were initially some
technical difficulties.23
Vandalization of Interactive Broadcast System
A Dynamics engineering course was presented by California State University, Fresno to
remote engineering students located where there were no bricks and mortar institutions.24
In 2008, the Polycom interactive broadcast system was vandalized and an immediate
swap over was made to Elluminate web conferencing software with mixed to moderately
positive feedback from the students (although the instructor preferred this to the
broadcast system).
The remote students met in one classroom. The web conferencing approach was a
significant change from the Polycom videoconferencing system that had three screens
displaying the content and instructor at the front of the room and the distant students at
the back of the room. Homework was done by students in groups of five to enhance the
student-to-student collaborative interactions. Each student also had to present an example
problem to the class. There were problems with staying connected to the Elluminate
system and the quality of the instructor screen was poor.
Recommendations were that more should be done for contingency planning for complete
system failure of delivery systems and students should be kept informed (and trained on)
the use of any non-traditional methods of presentation. Classroom discipline at remote
locations could also be a problem and needed to be carefully dealt with. Finally, while
students do demand newer methods of delivery providing time and geographical
independence, the instructor has to be wary about the definite reluctance of many
students to fully embrace these approaches.
Microelectromechanical System (MEMS) Laboratory
During a Materials Science course at Texas Christian University, students cover the
electrical and thermal properties of materials.25 An experiment was devised to determine
“the in-plane tip deflection vs. power characteristics of a MEMS electrothermal actuator”.
Many items of sophisticated equipment were used in this lab such as a microprobe
station, microprobes, a microscope, video camera, VCR and TV monitor, National
Instruments (NI) data acquisition and image processing boards together with associated
software. A series of voltages (each for four seconds and then reduced to zero) was
applied to the MEMS device. The deflection of the device was measured using image
processing software. A graphical plot was then constructed of deflection against power
input.
The NI LabVIEW software allows for the Virtual Instruments (VIs) to be viewed and
controlled over the internet using a web browser. A web server is located on the VI server
PC that is connected to the experiment equipment. The LabVIEW run-time engine (freeof-charge) must be installed on the student’s machine.
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There were some difficulties in running the NI software on a Macintosh operating system
and it was impossible to visually determine the displacement of the MEMS device when
power was supplied to it (against when it was in the rest position and unpowered). The
remote experiments were done in 2007 and 2008, with the undergraduate students
working in three teams per lab session and with three lab sessions per year. It was noted
that the student’s interest was immediately piqued when they realized they were working
on a real system rather than a simulation. Overall, it was considered a satisfactory remote
experiment and plans were afoot to increase the offering with different labs.
MEMS / Microsystems
The Engineering Research Center for Wireless Integrated MicroSystems has developed a
series of distance learning courses in MEMS/Microsystems with streaming video of
lectures and course materials being posted to the website within a day of the class being
delivered.26
Podcasting an Applied Thermodynamics Mechanical Engineering Class
Podcasting was used in the presenting a portion of an applied Thermodynamics class (a
junior-level course) for mechanical engineering students.27 Podcasting is defined as
capturing of a face-to-face lecture (audio and written notes) for later playback by
students. This is useful for students (or indeed, instructors) missing classes and for later
review and reflection. The author replaced sections of the Thermodynamics course
(comprising three 50-minute class meetings out of nine sessions) with podcasts. A Tablet
PC was used for class presentation and this was projected onto a computer screen. The
entire lecture was captured, including the audio from the instructor and these were
synchronized with each pen stroke on the Tablet PC). 37 students were surveyed. The
survey was given as well as a homework assignment and a quiz was administered. The
assignment and quiz indicated no significant differences in the performance between
those who used the podcast and those who attended the face-to-face sessions.
The results showed that podcasting can indeed replace some face-to-face meetings but the
disadvantages outweigh its benefits. Students were twitchy about the lack of learning
from reduced interaction with their peers and instructor and reduced motivation to use the
podcasts. However, the students did appreciate the increased flexibility in "attending
class" at their time of choice. As a further positive, the podcasting did allow the
possibility of considerably increased reflection and review. The findings thus suggested
that podcasting should be used as a supplement rather than as a replacement for face-toface classes.
Sometimes Despite Excellent Reviews, Asynchronous Learning Doesn't Always
Work Out
The core senior level courses from the Manufacturing Engineering Technology BS
Program at Minnesota State University, Mankato, were converted into online courses
with assistance from state grant funding commencing in 2004.28 The demand for this
conversion to online delivery was driven by the following suggestions from students:
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•
•
•
•

That improving the quality of courses was associated with increasing the use of
computer technology.
That scheduling and delivery should be flexible.
That greater retention of students could be achieved by going online.
That a growth in lifelong (or mature age) learners who preferred flexibility in
delivery would be achieved from going online.

Courses were converted into an asynchronous online format using extensive multimedia
resources with modules timed with the weeks of the semester to counteract the penchant
of learners to procrastinate. The results of the online integration into the overall program
were generally excellent with students indicating greater reading (73%) than with face-toface courses, a preference for online to face-to-face (77%) and most doing their study
online at home (88%). Procrastination was still an issue (80%) and the weekly paced
module structure was thus essential.
A joint venture was set up with the Society of Manufacturing Engineers (SME) to obtain
higher quality case studies allowing for streaming of content online. Similar quality
indicators to that for face-to-face learning were generally positive (including 98% student
retention) with no minimal differences in terms of grades.
Some notes from undertaking this project included:
•
•
•
•
•
•

High Speed broadband varies from student to student.
A common framework and format for the resources is essential.
It is better to provide all the online content in complete chunks rather than
'dribbles'.
Ensure expectations for delivery of materials are clear and unambiguous.
Keep recorded content as short as possible.
Continually measure and improve.

Unfortunately, despite very favorable indicators and feedback, the online format was not
cost-effective compared to that of face-to-face sessions, especially as most students were
on-campus for other courses. The costs for maintenance of the online learning resources
were also significant because of regular curriculum changes and new faculty familiarizing
themselves with the technology.
Boeing’s Remote Labs with CAD and 3D Simulation Software
Product Lifecycle Management (PLM) is a critical program within Boeing.29 This is the
program of managing a product from its birth to obsolescence with the objective of
improving performance and reducing costs. Georgia Tech’s School of Aerospace
Engineering joined with Boeing’s Learning, Training and Development division to
provide three courses (called Integrated Design and Manufacturing through Product Life
Cycle Management) on this topic, providing a blend between academic theory and
industry experience. Previously, these courses were offered as residential programs at
specific locations resulting in many engineers missing the course. As the authors pointed
out, there are a myriad of challenges in presenting these courses in a distance learning
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format and learners have to be self-motivated, strongly organized and can handle the lack
of physical cues such as body language and lack of community due to the physical
presence.
This first course (of three) was presented over 10 weeks in an online format with a
weekly two-hour remote lab. The sessions were conducted from faculty at Georgia Tech
in Atlanta, Georgia using WebEx Meeting Centre (for the presentations) and WebEx
Training Centre for the labs located at Boeing in Seattle and Georgia Tech in Atlanta. A
separate teleconference facility was used for audio. The software, such as CATIA,
ENOVIA and DELMIA was loaded on all machines. With an increasing number of
students in the lab, the latency in working with the lab software became high and often
exceeded a second, resulting in some unhappiness on the part of the students. However,
the students were generally very happy with the quality of instructor.
A few suggestions were made on improving the course experience for future courses:
•
•
•
•
•
•
•
•

Store student files in easily retrievable locations.
Compress large files for quicker download.
Audio on one conference telephone line is difficult to manage (especially for
support issues).
Having two different WebEx sessions running simultaneously can be challenging.
Increase the level of interactivity and feedback during the presentations.
Reduce the number of steps for each task an instructor uses to demonstrate a
particular feature of the software to a maximum of five to 10 minutes.
Ensure lab assistants are more proactive about helping students (rather than being
reactive and waiting for a query).
Provide more preliminary training on the use of the actual software.

Certificate in Product Life Cycle Management for the Aerospace Industry
A certificate course on 3D solid modeling, product data and configuration management
and digital manufacturing was put together for the Boeing Company by the Department
of Computer Graphics Technology at Purdue University.30 Distance Delivery was
provided by Citrix software, with the infrastructure initially hosted by Purdue University
but eventually by a virtual hosting company. With an initial take-up of 20 students (and
with 12 completing) from six different Boeing locations, the course met twice a week in
the evenings. Adobe Connect or WebEx with a dedicated teleconference line was used
for the lectures.
There were a number of challenges including insufficient network bandwidth at the
university, inadequate integration between the LMS and the PLM tool and security
concerns within the Boeing firewall. The university questioned the value of the project
against the huge amount of work undertaken. It was hoped that a solution to the problems
with bandwidth and scalability of delivery would be resolved with a third party virtual
hosting company.
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Junior Level Electromechanical Design Course
A face-to-face interdisciplinary junior electromechanical engineering design course at the
Wentworth Institute of Technology in Boston was converted to a blended (mainly online)
format.31 The objective of the course was to take knowledge gained in earlier courses to
design a full prototype of a product. Students work in teams with defined individual
responsibilities for each member and are expected to go through the entire design process
in creating an original product. The instructor had some concerns with the face-to-face
approach and he believed that a blended approach (with a significant online component)
could make the course more effective thus enabling more teams to complete each
prototype design in its entirety. Admittedly, much of the work involved face-to-face
testing and development in the university labs, but it was estimated that half of the work
did not require face-to-face meetings. This included writing of formal reports, 20-minute
formal presentations by teams, group meetings with the instructor, both formally and on
an ad-hoc basis (sorting out problems) and a one-hour lecture once a week.
The following online technologies were thus added to the course:
•
•

•
•

The Blackboard LMS was used for general announcements and as a general
repository for course resources.
A Google Docs site was built using Google Apps with the instructor as owner.
Within Google Docs, subfolders were created for each team to use. Being an
educational college, this facility was provided free.
A video and web conferencing package (Dim Dim) was used for individual teams
(up to a maximum of five members were free).
A further video and web conferencing package (Adobe Connect) was used for the
entire class of typically 25 members. This was used for general lecturing and
meetings between the instructor and the 13 team leaders.

Limited surveys of the students, indicated student satisfaction with this blended approach
and the instructor was poised to extend it to other courses.
Ocean Engineering 100% Online
Virginia Tech has a well-established tradition in using distance learning with 85% of the
departments offering this facility.32 The MS in Ocean Engineering (or design of ships)
was the first program in engineering to be available online. The primary tools used here
have been Blackboard for the LMS, Breeze (now part of Adobe) for recording of the
presentations and Centra, which allows both recording and live streaming.
The different graduate courses have different arrangements for presentations. For
example, Advanced Ship Structural Analysis and Rationally-Based Design of Ocean
Structures have a weekly group of three 30-minute web classes (one which is live on a
Wednesday) with all three recorded for later review. The live class is presented and
recorded using Centra software. The two recorded classes use PowerPoint presentations
combined with voice-over using the Breeze software and are made available on the
Blackboard LMS. These recordings were only 30 minutes long, instead of the 50-minute
lecture, so the presentation is better organized, the instructor does not have the handicap
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of wasting time writing on the board and the students don’t need to laboriously make
notes. Homework is given after each class and is due by 10am, three to five days later.
Students use Mathcad for the assignments and upload their work onto the Blackboard
LMS. The deadline for the homework is rigid, thus ensuring that the students keep up to
date, giving the instructor quick feedback. The suggestion is made that students tend to
perform better if they do the homework immediately after the class. In addition, quizzes
are made available at a pre-defined time for a fixed period of time (typically seven
hours), are open book and take about 50 minutes to complete. The mid-term and final
exams are open book and are undertaken during a two-hour live session in the evening.
The exams must be faxed to the instructor by 10am the next day. Presumably, honesty is
expected in the students not continuing to work on their exam after the two-hour period
has elapsed.
The recommendation is made that the best option in the distance learning environment is
for open book exams. This is closer to the real world that the modern engineer works in,
where he or she is expected to solve real problems by gathering information and working
on a solution, as compared to the closed book approach of reproducing words from a
textbook or working on an equation which has been memorized.
In the other courses, the students collaborate solely online, sharing software and doing
presentations to each other. In one course, it was noted that the remote students preferred
text-chat to the microphone.
Feedback from students has been good with convenience cited as the top reason for doing
it online. An Eduventures study was quoted which noted that employers were
increasingly enthusiastic and supporting online education. Scales research on distance
learning courses indicated that 36% preferred live online instruction (with 20% more for
video teleconferencing making a total of 56%) against 24% for self-paced learning.
Screen Casting Software Application for Mechanical Engineering Courses
The instructor’s slides, voice and any screen activity on a PC can be captured using a tool
such as Camtasia Studio (from TechSmith Corporation) and then converted into an easyto-view and widely accessible format such as Flash. This makes it easy to record a lecture
for students who can’t attend. The University of Kentucky has used this effectively with
their mechanical engineering courses.33 In the course on Mechanical Vibrations, students
at remote campuses viewed lectures recorded using Camtasia and posted on the
Blackboard LMS. The lecture material was provided in advance in PowerPoint, with
handwritten notes recorded using a stylus on a Tablet PC. Where a lecture was presented,
all screen activity was recorded using a lapel microphone for audio. This approach with
screencasts was particularly useful in assisting students in demonstrating how to use
software for completing complex assignments (such as use of MATLAB), where the
student can simultaneously open the software package and perform the tasks discussed in
the recorded video (e.g. in performing a dynamic analysis for a system larger than two
degrees of freedom) A video was considered better than using a static tutorial or a
standard classroom lecture.
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Another course where this technique was successfully used was gas dynamics, where four
additional example problems were recorded. These were recorded from a tablet PC using
Camtasia to record the PowerPoint (with microphone) with handwritten comments on the
PowerPoint using a stylus.
All videos were stored in the widely-supported FLV format and were directly viewable
from the website. The screen capturing software provided many advantages including
ability to edit recordings, output to many different formats, provision of table of contents
to easily jump to the desired section of the video and, finally, a selectable resolution of
the recording. An example of file sizes can be gauged from a 17-minute video with
PowerPoint slides which came to 50MBytes in original recording format. This was then
compressed to 20% of its size for FLV, WMV and M4V (apart from AVI format which
actually increased slightly in size to 51.44MB).
A small survey of six students indicated that five out of the six watched at least one video
and indicated satisfaction with this approach. It was planned to extend the use of the
software to lab video recordings where slow motion video demonstrations could be made,
as well as extending its use to recording more specific software package use for
independent viewing by students (and thus using the lectures more productively for other
purposes).
Conversion from Classroom to Online Robotics Lab
A joint venture Robotics Lab between Case Western Reserve and Wright State
Universities converted a classroom-based robotics lab to online format with significant
challenges reported.34 There were two variations on the robotics course: One an
undergraduate engineering robotics lab course and the other a two-week summer session
for high school science teachers.
The traditional robotics course required everyone to be working in the same physical
room with a group-based curriculum with considerable interaction, collaboration and
group support occurring. Both the non-verbal and verbal (e.g. tone of voice) cues
contributed to the overall success of the course. There was quicker iteration to a solution
to a problem when everyone was physically located together. The course comprised
hands-on mechanical design as well as software control. This resulted in specialization of
the team members to one each working on the mechanical, software and general aspects
of the project. Finally, a considerable proportion of the documentation was handwritten
or crudely pasted together–perhaps somewhat messy, but it was all combined together in
an auditable manner.
The undergraduates working on the autonomous robot design course used LEGO beams,
plates, gears and motors controlled by an 8-bit microprocessor programmed in Interactive
C. Course grades were provided on the basis of class participation and written design
notebooks which were kept throughout the semester. The first half of the course
comprised practical C-programming skills, mechanical design (with LEGO), sensors,
software design and animal behavior strategies. The second half comprised the design
project, with each team building two autonomous robots to collect appropriately colored
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eggs. A similar course was also constructed for school science teachers but with upgraded
hardware compared to the undergraduate course and which ran over 10 days.
These courses were then converted to an online format with single students working in
remote environments with access to shared robot hardware. The mechanical design
portion was eliminated with attention focused only on software control of a single robotic
architecture and electronic-only lab notebook format requirements (as opposed to
handwritten notes). A fixed hardware platform (Khepera robot) was used to keep the
same level of functionality of the physical robot for all students as well as providing a
robot simulator for individual use.
There were, however, a number of issues with the online course:
•

•
•

•

•
•

Despite being socialized with texting, social media and phones, students were not
able to communicate adequately with each other at a sufficiently high level. The
communications had multiple threads (some of it background chatter) and was
difficult to deal with effectively.
The instructor did not have a coherent holistic view of the entire class and lost
track of the quiet underachievers who slipped under the radar.
The student’s screen window was very cluttered containing simulator, robot
streaming video, chat client, code editor, compiler window, lab journal and course
textbook viewer.
The students who needed help didn’t get it effectively and were lost in the online
world. Initial configuration of computers was a problem for the weaker
individuals. This will be dealt with in future courses by providing setups requiring
zero configuration and rewarding those who help others.
Removal of the mechanical aspect (including LEGO) made for less interesting
work, especially for the younger team members (K-12).
Finally, Java is harder than Interactive C to program in. This is not easy to
address.

In conclusion, it is difficult to see how the traditional format can be transferred to an
online format and retain the same richness as in the original classroom. Perhaps the best
solution would have been to convert to some blended format.
Low Overhead and High Overhead Delivery of Courses
The US Military Academy West Point experimented with two approaches to delivering
engineering courses through distance learning.35 West Point had traditionally not
undertaken much distance learning until 2005, perhaps due to reasons of institutional
culture rather than lack of demand.
The first approach–the low-cost one–was undertaken for the Mechanics of Materials
course for a student in France. The instructor's notes were made available as "board
notes" (what he would write on the whiteboard in a classroom) and were provided to the
student in pdf format from a website (~1MB). The instructor also took a laptop and
webcam into the classroom and, using Windows Moviemaker, recorded his lectures.
Instant messaging was used to provide support with live chat, voice and video and
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showed the student the level of faculty commitment to his learning. The student naturally
had a copy of the textbook as well. All homework was provided via email in pdf format.
Submission was similarly effected via email and written work scanned in via pdf or jpeg
format. Mid-term exams and tests were used for self-evaluation purposes and didn't count
towards the final result. The four lab periods were waived. For reasons of propriety, the
final exam was held at Westpoint under the same conditions as the other on-campus
students. The students did well with 10% above the course average.
The second approach, using a more in-depth strategy, was provided to four nonengineering majors studying in three different countries for the Introduction to
Engineering Mechanics and Design course. There were some initial constraints that had
to be overcome: Quick provision of materials with two months allowed before
commencement, no information about connectivity/academic schedules and time
demands on the students, three different time zones, four different institutions, no
scanning facilities and students had very little proficiency in computational and computer
graphics software. All quantitative homework had to be done using a computational
software package such as Mathcad or Mathematica using PowerPoint’s graphical
capabilities as a supplement.
A course website was created comprising course schedule, administration details,
homework assignments and course resources and one page for each of 40 lessons. Each
lesson page comprised the following: orientation to the topic, objectives, reading
assignment, definitions, e-lecture, worked problem solutions, critical thinking questions
and applications such as homework problems. The e-lectures were created using
Macromedia Flash but this was very time consuming, taking up to four days to create
each lecture. Once the students had "caught up" at lesson eight, a revised format of
lectures was supplied, consisting of scanned handwritten "board notes" with an audio
presentation in mp3 format. The identical materials used with the classroom presentation
such as homework assignments, lab exercises, mid-term exams and final exams were
supplied.
Every second day, students were required to read the relevant lesson page and undertake
readings and assignments. These had to be sent back to the instructor via email. Every
week, the students had to submit solutions to the problem set using Mathcad and
PowerPoint. Instant messaging was used to communicate questions. The intra-semester
exams were treated as homework assignments. With the lab, the students were provided
with a digital video file and the raw experimental data and had to construct stress-strain
curves, analyze the results, draw conclusions and write a report. The final exam was
undertaken at the West Point campus.
Three of the four students completed the course successfully. The greatest challenge was
in achieving internet connectivity at these diverse locations. The students were unable to
use PowerPoint effectively to create the necessary engineering graphics. This was then
abandoned and hand drawn sketches were used. These were photographed and sent back
in digital format. Mathcad was successfully used by one student but failed for the other
two (resulting in all calculations being done by hand by them). Instant messaging was

488

most successful as a means of communications, interaction and support. At the
conclusion of the course, the three students indicated a very high level of satisfaction with
two remarking that the simpler e-lecture format was preferred to the sophisticated Flash
format.
In conclusion, it would appear that adaptability in applying the different technologies and
techniques for instructors and students is a key attribute in making this course successful.
Redesign of Introductory Mechanics Course for Online Delivery
The Boston University engineering faculty took an introductory mechanics course that
had 60% of class time dedicated to solving application problems.36 They felt that the
emphasis on problem solving would make it excellent for conversion to an asynchronous
format. Normally, the course comprised 25 lectures and it was converted to a blended
format for all students still on campus. Seven lectures were provided in an online
asynchronous format; the remaining lectures were presented in the face-to-face classroom
manner except that the PowerPoint slides were also made available to students on the
CourseInfo LMS.
Video-based lectures were created using a Sony Handycam digital camcorder and
encoded using Real Networks RealProducer. Each lecture comprised five to nine modules
with files sizes up to 20MB.
Two approaches were taken to encoding the materials. The first used RealProducer to
combine graphics, text, video, slides and links into one package. However, this was
dropped as most of the streaming video consisted of static PowerPoint slides and thus
wasn't a good use of bandwidth, which was challenging at the time. The second approach
was to embed the video and the PowerPoint slides into the LMS for easy access by
students. These files were small but in reviewing the materials the students had to
synchronize both video and PowerPoints and the only effective way was to view the
video and then go through the PowerPoints. Students generally viewed the lectures at
night rather than during the day when the LMS was slow to access.
A survey of students at the end of the semester indicated that 80% considered this
satisfactory (with 20% indicating disappointment). The course videos were accessed 1.7
times per lecture per student. The highest number of accesses inevitably occurred just
before the final examination. Only 28% of the students indicated that they would prefer
this online format to face-to-face methods.
Mechatronics Associate Degree
Purdue University, Calumet and two area community colleges, Ivy Tech Community
College and College of DuPage, have partnered with local industry in mechatronics
apprenticeship programs.37 The associate degree program has been built up as a series of
modules, where in addition to normal classroom-based learning, demonstrated prior
learning and demonstrating competence can be used to attain credits.
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In addition to the usual asynchronous methods of delivery of the course materials,
synchronous Polycom technology is used for delivery of both lectures and labs. A fulltime technician at each college assists with maintenance of the technology as well as the
labs. Expensive commercial grade software (such as Rockwell Automation’s RSLogix
and NI’s LabVIEW) was made available in remote labs using the Polycom system.
A Blended Approach–The “Inside Out” Method
California Polytechnic State University has been converting some of its programs to an
online format (using what they refer to as the “Inside-Out” method), in particular, the
course entitled Introduction to Manufacturing Process Design and Tool Engineering in
2010/11.38 As was pointed out, a challenge with online flexible learning is that the study
tasks can be deferred indefinitely, and an effective solution has to be found here.
Similarly, the more time that can be used by the students on their study tasks, the greater
the level of learning.
The chosen approach was to break the traditional course material into 10 to 15 minutes of
streaming video. Students downloaded four to five chunks per week (for a total of 50
videos recorded) using Panopto lecture capture software. They could then pause, review
and focus on the different aspects of the lecture. This allowed a split-screen, simultaneous
presentation of both the instructor (and a whiteboard) and class notes (which were
annotated by the instructor).
Every week, there was a face-to-face meeting with the students and the instructor who
essentially worked as a coach or mentor. An assignment was handed out and this had to
be completed before leaving class, with a grade assigned. Students worked in groups on
the problems collaboratively.
The weekly, three-hour traditional lab was unchanged.
The grade allocation was based around labs (25%), quizzes and assignments (25%) and
two examinations (50%). Most of the student respondents enjoyed this format, with
almost all videos being watched. Homework completion rates were 100% (compared to
85% to 95% in previous years), scores for assignments were higher and exam scores were
equivalent or slightly higher with the new approach. Finally, the instructor found the
course to be more enjoyable.
What would appear to be particularly powerful in this example is the use of face-to-face
sessions for what they are really intended: tutorial and highly dynamic active learning in
groups, rather than listening passively to a one-way lecture (often with 200 or more
equally bored students).
US Study Center in France
Commencing in 2006, Grove City College, in a joint venture with the University of
Nantes in France, established a dedicated study center for American students to study
abroad for a complete semester.39 Two courses, Fluid Mechanics and Mechanics of
Materials, were taught simultaneously at Grove City and France using DyKnow and
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GoToMeeting with Tablet PCs. DyKnow allows for collaborative note taking,
anonymous polling and electronic uploading (and downloading) of assignments.
GoToMeeting was used to deliver the PowerPoint presentations for Fluid Mechanics.
Two additional courses were taught locally (and conventionally) by a resident instructor.
Delivery of the courses was from Tuesday to Thursday, thus allowing for student travel in
Europe on the remaining days. The academic performance of students in France was
equivalent to those in the USA, and some students improved on their earlier grades
achieved in the USA (attributed to more immersion of the students at the French study
center). The two online office hours (from the French-based students back to the USA)
scheduled each week were initially used but in the second year of operation this facility
was only intermittently used (but with no seeming impact on grades).
Some additional benefits were that students had to learn to do online presentations with
PowerPoint remotely to an audience in both France and the USA, thus improving their
skills in performing remote presentations. Finally, a major benefit of the experience was
immersion in another culture and increased internationalization experience and in
building up contacts in a foreign country but still remaining up to date with their
academic peers in their home country’s degree program.
Aerospace Short Courses from the University of Kansas
The University of Kansas has presented short professional development courses in
aerospace engineering (such as aircraft design, aircraft structures, flight control and
avionics) in a face-to-face approach for the past 35 years throughout the world.40 Since
2003, a variety of online formats were experimented with varying degrees of success.
An initial course (Reliability and 1309 Design Analysis) was developed with slides and
exercises with the recorded audio (and some video). The long lecture segments were
developed using Realplayer media and took over 28 hours of lectures and three exercises.
Interaction with the instructor was via emails. Problems encountered were with security
and firewall issues (blocked delivery of the streaming lectures at work necessitating use
of CDs). The website became outdated with minimal maintenance done and the materials
were poor quality.
A second course on aircraft performance, Theory, Application and Certification, was
launched in 2008 using the Adobe Creative Suite (with Flash) with short topics, and
considerable effort put into animations and videos. Email was used as the key method of
communication between students and instructor. However, the course development
process was lengthy and expensive, bandwidth problems were experienced in some
countries and an experienced Adobe Flash designer was required to fix some of the
technical issues. However, 90% of the course evaluations were positive.
The first course on Reliability and 1309 Design Analysis was reworked in 2009 with a
less expensive and time consuming process with no instructor videos and animations
based around the Adobe online learning Suite (Dreamweaver, Soundbooth, Photoshop
and Captivate). A reusable Adobe Captivate template was used where a junior designer
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could combine the audio, slides and simple animations for each segment of the course.
Closed captions were used for the non-English speaking students. The Adobe Flash plugin for the web browser allowed for easy uploading without high consumption of
bandwidth. Quizzes were used for assessment and email was used for communications.
Initial feedback was positive.
The upshot of the development of the courses above showed that simplicity and low
bandwidth consumption are the key factors in preparing a course. There are some
challenges in the future with mobile computing (iPad and iPhones) and the elimination of
Flash from mobile browsers.
16.4

Chemical and Process Engineering

Blended Learning Experiences with a Plastics Processing Technology Course
A blended course was defined as any course where 25% to 50% of classroom face-to-face
lectures are substituted with online learning (both synchronous and asynchronous). The
Rochester Institute of Technology presented the Plastics Processing Technology course
on Mondays and Wednesday evenings each for two hours with 15 students (in 2004/5).41
Desire2Learn was the underpinning LMS.
The Wednesday session was replaced with online group sessions (of three students each)
undertaking problem solving, projects and discussions. Some overflow of online
discussions occurred into the classrooms. Online quizzes were created to force the
students to review the course material before the online discussions. The online
discussions were carefully monitored by the instructor and a contribution made where
appropriate.
A subsequent survey of students revealed that the modification to a blended course was
valued by students in providing increased flexibility and in working in online groups
considered an important professional skill. The perceptions of the learning experience in
online discussions were mildly positive although with many more neutral responses.
Most students disagreed with the statement that their learning interest improved with
online discussions. It was considered vital that the instructor played a strong contributory
role in online discussions. A final benefit of the blended course was the ease of reusing
the online discussion topics, team structures and online content within the LMS.
Conversion of a Chemical Engineering Classroom Course to Blended Learning
A chemical materials science course was traditionally presented as a 14-week course with
four lectures per week, and was then converted to a seven-week blended course for 16
students.42 The Blackboard LMS was used and learning units were created comprising
introduction, a reading assignment, an online quiz, additional reading, a homework
assignment and discussion questions.
The seven weeks was structured as follows: structures, crystallography and mass
transport, mechanical behavior, mid-term exam, phase behavior and processing,
environmental interactions and a final exam. Interwise web conferencing software was
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used to do presentations and to allow easy interaction between the lecturer and the
students.
The virtual office hours facility that was set up to provide interaction between the lecturer
and other students was not used much. The lecturer then used this time to record lectures
using the Interwise web conferencing software. This enjoyed a positive response from
students to ameliorate what they considered the limited face-to-face class time. A
suggestion was made by one student to use the web conferencing software to present all
the lectures and to refocus the classroom time for discussions on the difficult sections.
The final grades for the course showed no difference from previous courses. As was
expected, students valued rapid instructor responses but one hour of classroom interaction
was considered not enough.
Fortunately, the lecturer was familiar with the style of online presentation and had also
prepared most of the materials (presentations, quizzes and readings), otherwise it would
have been a huge task converting classroom materials to be suitable for online use.
Uploading of course materials did take a significant time, around four to eight hours per
week, with discussion questions taking an additional hour to administer.
Overall, the conversion to blended learning was considered a success, but many
adjustments (as outlined above) would be made for the next course presented in this
manner.
Chemical Engineering Video Presentations
The University of Tulsa experienced a 70% increase in new students in their chemical
engineering course from 2006 to 2009 as employment in the oil related fields jumped.43
Apart from a shortage of staff, the classrooms and associated facilities were unable to
physically cope with this increase. The ChE 1003 course is an introductory first-year
course on programming in Excel and VBA, culminating in a design project where the
students designed and ran their own experiments to control a chemical reaction. This was
converted into a blended format. A weekly one-hour session with classroom instruction
was combined with two hours per week of online instruction. The students were divided
into three smaller groups of 12 students that met once per week for 50 minutes, focusing
on the design project and student presentations.
The online component was built around 26 modules that comprised videos of each of the
lectures with links to supplementary materials, online quizzes and assignments. Camtasia
was used to record the videos (using Flash SWF files). Each lesson had an associated
quiz (graded automatically) and an assignment. As there were inevitable doubts about
honesty in the assignments, two in-class exams were also conducted.
Students were very positive about the experience, but inevitably the lessons were
attended late at night and there was procrastination on the quizzes and assignments. Even
the penalty of two points per overdue day was an insufficient motivator. The instructor
was enthused with the experience and noted that there was no meaningful change in the
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student performance on the programming portion, and meeting in a classroom session in
smaller groups was good in terms of the learning experience.
Preparation of the online course materials took considerably longer than for the
classroom-based sessions. It is important to note the times taken to produce these
lectures. A 50-minute lecture required an additional 20 minutes to prepare due to the
software video conversion process to video, and time to create quizzes and assignments.
It was felt that a more polished version of the videos was not necessary as the students
appreciated the more conversational, natural presentation. Naturally, most of the lectures
could be re-used (although upgrades to the Microsoft suite of software did require an
upgrade to the videos in a subsequent year). Disadvantages included the lack of a direct
audience for the instructor.
Improvements for 2009 included an additional optional classroom session for discussions
on the difficult materials, and the penalty for late work has been increased to four points
per day with a more connected way (“pestering” by instructor and also getting a buddy to
encourage timely submissions) of getting the students to submit on time.
Improving Lab Preparation Skills with Videos
There were concerns about the lack of preparation of students undertaking lab sessions
and a series of videos was created in 2008 to improve this.44 Students in organic
chemistry at the University of New Haven were given short pre-lab videos just before
commencing a particular lab session. There were 111 students from six separate sections
(e.g. forensic science, chemistry and chemical engineering) in the group. It was hoped
that better lab preparation meant everyone had a similar level of preparation, experiments
could be conducted in a safer way and there would be a greater appreciation of the overall
concept behind the experiment rather than being reduced to following mechanical
procedural steps. Tegrity Campus, a web-based video service together with Blackboard,
the LMS, was used to deliver the videos.
The lab sessions that were recorded varied in length from 18 to 30 minutes using
PowerPoint slides supplemented by video and a narrative. Typical items built into the
video demonstrated identification of glassware, equipment issues, variations from the text
experiments and safety information. The students had to refer to the textbook
simultaneously as this was referred to in the video. The useful feature of the videos is that
they could be replayed and specific terms could be searched.
Feedback from students and lab assistants was positive and the videos were preferred to
pre-lab lectures. The video visuals were considered to be superior to the drawings
provided in the text. One important issue noticed was that the videos needed to be
watched immediately prior to the lab, otherwise the students failed to retain the relevant
information. There was also concern expressed by students about the inability to question
the instructor during and immediately after the video. Some students felt that the videos
created the (sometimes) false impression that the students knew more than they actually
did.
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There was no statistically significant change in the lab grades between the year students
were using these videos and the previous year where they weren't used. It would be
interesting to know how many students actually watched the videos and replayed them.
Undergraduate Course in Fluid Mechanics in Chemical Engineering
In Brazil, the Pontifical Catholic University of the Rio Grande do Sul-Av worked in
conjunction with a petrochemical company (Braskem) in the presentation of an
undergraduate course on Fluid Mechanics.45 The course was presented in a blended
format based around videoconferencing (over satellite) and the WebCT LMS, with the
classroom sessions (focusing on labs and assessments) being limited to 25% of the 60
course hours.
Every week, the students had a two-hour video conference or normal classroom session
and the other two hours were conducted through the web in asynchronous mode. WebCT
was useful to monitor a student’s progress as far as the number of visits per student, times
of access, materials accessed and finally, viewing of contributions in terms of
asynchronous discussions.
The course was broken down into eight modules (Fundamentals, Static Fluids, Mass
Balance, Momentum Balance, Energy Balance, Flow Differential Analysis, Analysis and
Viscous Flow). The communication tools such as email, discussion forums and live chat
were excellent learning tools. All videoconferencing sessions were recorded and made
available for later access.
Distance Learning in Undergraduate and Postgraduate Courses in Chemical and
Process Engineering
The University of Strathclyde Department of Chemical and Process Engineering have
created three distance learning courses based on the principles of industry participation,
work-based assignment approach, collaboration between different companies, countries
and universities.46 These three courses are a Bachelor of English in distance learning with
a diploma or non-chemical engineering first degree, and two master’s degrees (MSc in
Process Technology and Management and an MSc in Chemical Technology and
Management).
Grant and Dickson suggest that the intensity of study is high when working on a person’s
first degree and thereafter it tails off rapidly (especially after 35 years of age). There is no
lifelone learning scenario for most professionals that encourages ongoing learning. They
felt that industry wants team-based learning skills.
They have created what they call “supported distance learning”, based on high quality
text-based materials, use of worked examples and assignment submissions with regular
tutorials (which presumably depart from the distance learning format) at Strathclyde
University. The mature age student is considered considerably better than school leaver
entrants because of their greater industry experience and maturity. The strong emphasis
on work-based assignments which have relevance to their organizations has made a
significant difference to the results.
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16.5

Information Technology (IT) and Computer Engineering

Corporate IT Training
Learningtree, the large US-based training provider in IT and management education with
a claimed 1.9 million course participants since 1974, has had a few flirtations with online
learning over the years.47 An earlier experiment was abandoned due to very little interest
from their customers. However, in 2012 they claimed to be achieving excellent results
(and presumably great enrolments) with their online learning current offering using a
software package developed in-house called Anywhere™. While this software package is
not a remote lab, it does allow remote access of the classroom and computer equipment
for remotely located students.
As they point out, synchronous webinar-style online learning is not particularly effective
as one is generally only listening to audio and watching static slides for limited periods of
time. They note that this causes a remote student’s attention to wander to other perhaps
more interesting activities such as email. To provide a true learning experience, a training
program needs more than the hour or two that’s typically provided by a webinar. The
other option of asynchronous online learning would appear to have considerable
advantages such as low-cost, 24/7 availability at the student’s option. However, beyond a
few hours it is not effective as it requires the student to have stamina and persistence to
complete the course with the result that fewer than 25% of learners actually complete this
form of training.
What the Learningtree Anyware™ model provides is the ability of students to participate
in live classroom sessions from a remote location to the classroom. This means one sees
the instructor presenting the materials and one can communicate directly with classmates
and the instructor using the chat facility or by audio. The same exercises as those being
worked on the classroom are undertaken by the remote student but via her computer to
one in the classroom.
A few key practices have emerged from the initial work. Course participants receive all
course materials (as well as a two-way headset) at least a week before the class
commences. A system validation check has to be performed before the class and the day
before, they test everything out with their instructor before the class commences.
Considerable emphasis is placed on the instructor receiving training in how to present
online especially concerning initiating conversations, addressing both online and in-class
participants by name, keeping a high level of involvement in the discussions and in
achieving a high level of feedback. Classroom sessions, including those attending online,
typically ran over the full day.
Graduate Level Computer Engineering Course
DaSilva described teaching 149 students (a mix of on-campus and mature-age part-time)
a graduate course in computer network architectures at eight locations throughout
Virginia.48 Both synchronous and asynchronous modes of delivery were used. A final
collaborative research project was carried out in groups of seven to ten students with each
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group scattered at multiple locations. The course was an in-depth one covering the IEEE
802.3, IEEE 802.11, ATM and TCP/IP protocol suites.
It was taught once a week, in the evening, in two blocks of 1 hour and 15 minutes, with a
15-minute break using real-time, two-way video allowing for live interaction between
students and instructor. All video was recorded and thus could be streamed by students
on-demand. There was strong interaction during and after class and students were
encouraged to collaborate between sites. The asynchronous methods that were used
included a course website (lectures slides/assignments and solutions/previous and current
exams and solutions and other resources), an online grade book (containing all marks for
each individual student), a listserv for general announcements and for answering
questions, an unlimited usage of email.
The vast majority of students (97%) responded to the end-of-course survey with some
useful findings. Although attendance was not mandatory, 80% of students reported
attending more than 80% of the live lectures. 60% of students apparently referred back to
the streaming videos of the lectures later. On-campus students strongly preferred groupwork to individual projects whereas off-campus mature age students were evenly divided
on this score. It is suggested that off-campus students have more of a battle managing
their work, personal and study lives and hence prefer individual projects. The biggest
obstacle to completing the collaborative project was considered to be the distributed
nature of the work, with poor communications between group members considered an
important issue as well. A way to tackle this latter issue was to devote part of one of the
interactive lectures to personal introductions from all the students (with a video of them
showing who they were). The final grades were slightly lower for off-campus students
and this may be due to the other competing demands and mature age students placing
more emphasis on acquisition of knowledge and skills rather than on final grades.
Remote Internetworking Laboratory
A remote internetworking lab was set up in 2003 at the American University of Beirut.49
An average lab session, held weekly, lasted for more than two hours. The students can
configure a number of network components in different topologies. The lab’s main
objective is to demonstrate an application layer protocol and observe the packets
transmitted. The students also learn how to configure Linux PCs and set them up as
DHCP and NAT servers and to configure Cisco routers. Ethereal and tcpdump programs
are used to monitor the network. Other tasks are to check the routing tables and perform
Telnet sessions. Utilities such as ping and traceroute are used. The key network element,
a switch, is used to connect the different devices in the topology required.
A remote user connects to the lab server through the internet. The lab server is physically
connected to a 24-port switch, which is then physically connected to a Cisco 2522 router,
4 other routers and 4 Linux-based PCs. The Cisco 2522 router is connected to the console
lines of the four other routers, allowing them to be remotely configured. An additional
Ethernet card (with a static IP address) is installed in each of the Linux PCs allowing for
their remote configuration. The Cisco router and the lab server all have static IP addresses
allowing them to be remotely configured. The network switch allows for interconnecting
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the different devices dynamically via the creation of VLANs, thus allowing for a
multitude of different topologies.
An ASP.NET web application was written in C# and, running on the lab server, allowed
users to log in to the website, reserve an online lab session, conduct their experiments,
and upload their lab reports. A MySQL database on the lab server stores users’ and
experiment records (such as user passwords, scheduling of experiments and log in / log
out records).
Students were enthusiastic about the lab and due to anticipated increased usage,
additional sets of four PCs and four routers were set up. A suggestion was also made for
collaborative work and experiments with other students and institutions.
Hybrid Online Learning for Computer Engineering and Computer Science
University College (part of Pennsylvania State University) has been impacted by the
decline in IT-related subjects, resulting in smaller class sizes for computing engineering
and computer science.50 They designed a hybrid online learning program based on
asynchronous online learning courseware and synchronous webconferencing using
Centra (and later Adobe Connect).
Although most of the programs were undergraduate, a small graduate-level electrical
engineering program was presented to a small group of students overseas. The distance
learning program was initiated with an introductory programming course in Computer
Science (which met for three hours per week). This was the first one used using flexible
delivery mode (comprising either synchronous or traditional face-to-face delivery) which
was presumably delivered to all 12 campuses. An intermediate programming course and
programming course for engineers was added to the offerings.
This schedule was gradually expanded on over the period Fall 2005 to Spring 2008 with
the following results. A few test runs were required to get the academic faculty
comfortable with the process. Students take up to three weeks to get comfortable with the
synchronous delivery system and connecting from outside the campus. Overall class
attendance increased by 15% to 20% because of the use of the optional online learning
approach. Although difficult to check the validity or otherwise, most students (up to 70%)
appeared to watch the recordings of the sessions either all the time or sometimes and
regarded this as very useful (ahead of the ability to connect outside campus). They
believe the best approach is to allow the students to undertake the classroom /
synchronous online learning approach initially and then using synchronous and
asynchronous online learning. A pre-assessment quiz is useful in reducing delivery time.
Dealing with Limited Bandwidth
A Middle Eastern Arab institution, Bethlehem University, located in the West Bank, had
severe constraints on bandwidth (1MB/s internet connection for the entire campus) and a
workaround solution was set up.51 Other constraints were limited availability of
computers, limited funds and language difficulties. The first author (while based at
Manhattan College in New York City) set up a distance learning course on Computer
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Architecture as a new major in the Computers and Information Systems department of the
university.
The lectures were recorded using Camtasia Studio (TechSmith) producing videos, mainly
of the PowerPoint presentations recorded on a tablet PC. Size was about 1MB/minute.
Three hours of video were prepared per week and uploaded to the author's personal
website (with other supporting documents). These were then downloaded by the
technician at Bethlehem University, during off peak times, for access by the 36 students
(in 2006). Moodle was used for posting grades, assignments and other documents.
A local faculty member in Bethlehem met with the class once per week to ensure
continued tight liaison. All the students passed the subject with the majority of the grades
being B or B+. A recommendation from the students was to reduce the lengthy videos
(typically 75 minutes each) to a more manageable size. A traditional face-to-face lecture
with the same students completed after the online course resulted in lower grades, which
was thought to be due to the fact that during the distance learning course, the students had
to be more self-reliant thus resulting in better grades.
Engineering Learning Objects
Within the Electrical and Computer Engineering Technology program at the New Jersey
Institute of Technology, short videos of approximately 5 to 10 minutes each (referred to
as Learning Objects) were delivered to classroom-based students.52 The platforms used
were iTunes University and YouTube with Moodle as the LMS. Recording was done
using Camtasia Relay. Learning objects are typically small units of learning in two- to
15-minute chunks. A learning object can be considered, "to be an independent and selfstanding unit of learning content that is predisposed to reuse in multiple instructional
contexts". They should contain an objective, a learning activity and an assessment.
The first course converted to the learning object format was Circuit Measurements, taught
in the third year to transfer students from community colleges. Topics included Error
Analysis, Ohm's and Kirchoff's Laws, Nodal Analysis, Superposition and Source
Transformation and Frequency Analysis. It comprised ten one-hour lectures, with each
lecture followed by two hours of lab work. Lab work was based around use of Multisim.
23 learning objects were identified and PowerPoint slides were created for the noncomputer-based learning ones. Assessments that included homework assignments, lab
reports and exam questions were built around each learning object. Camtasia Relay (from
TechSmith) and a high quality microphone (Revolabs) was used to record the videos.
An attempt to reduce time spent in creating videos was to use a live classroom lecture to
also do the recording, but this delivered inadequate quality as only a part of the lecture
involved PowerPoints. When the instructor was at the blackboard or discussing an issue
with students the recording was poor and at the same time there were no active
PowerPoints to show. In addition, the resultant recording at 75 minutes was simply too
long. The optimum recording especially for the current generation of students should be a
maximum of 5 to 10 minutes.
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An alternative strategy of recording a learning object using a tablet was also considered
unacceptable as the quality of writing was too poor to be seen on YouTube or the iTunes
University webpage.
As a result, 23 learning objects were created using PowerPoint 2007, Visio 2007 for
drawings and Multisim to create the circuits with an average time of two hours per video
(with two remakes to get the best one). Most of the time was spent creating slides and
animation of bullets or objects. Each learning object commenced with an appropriate
problem with one or two learning activities. The concept was that the students would
pause the video at the problem, try and solve it themselves and then view the remainder
of the video.
The 16 students who had completed the course indicated that they had watched on
average eight of the 23 videos. There was some doubt expressed as to whether the videos
had helped the students improve their grades. Students were, however, enthusiastic about
the use of the videos. In future classes, it was planned to add in a more formal assessment
(posted on Moodle) required to be completed by students after each video to ensure that
they do actually watch the videos.
An Open Source Course Content Server
Purdue University, Calumet built a server-based course content on three open source
components: The Linux operating System, the content management system (Drupal) and
a relational database management system, MySQL.53 The Drupal content management
system maintains all content in a database. A typical course (e.g. Structured C++
Programming) comprises lectures, assignments, syllabus outline, examination details,
class discussion, labs and a student's electronic portfolio. The lectures comprised audio
together with a video of the screen using Huelix Screen-Play recorder. This was recorded
in Windows Media Format (WMV). 20 courses (in 2010) were available 24/7 in an
asyronchous format.
Fundamentals of Network Security in a MSc Information Security
The Fundamentals of Network Security (FNS) was developed by the Cisco Networking
Academy and run as an embedded course with the MSc in Information Security for
Anglia Polytechnic University, UK.54 The students were technically competent with
professional experience in the IT industry. The course comprised both static and dynamic
content. The static content was generally of web pages with embedded PDFs, Microsoft
Word and Excel documents. The dynamic components were animations, simulations,
audio and video sessions.
The labs were oriented mainly towards configuring switches, routers and other IT
technologies. The labs could be conducted either locally or remotely using remote lab
technology. The remote lab hardware and software was sourced from the Network
Development Group (netdevgroup.com). This is unexpected, as it would have been
expected that work-busy students would have preferred this time.
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Interestingly enough, the lowest usage of the online activity was during weekends, when
it would have been expected that work-busy students would have preferred. Over 75% of
the students indicated that the greatest disadvantage to this course was the lack of face-toface contact. It was suggested that some form of videoconferencing would make this
easier.
Online assessments consisted of multiple choice questions while the offline examinations
had to be conducted at the university. The offline assessment contributed 65% and online
assessment contributed 35% to the final module mark. Labs were not included as part of
the assessment process. There was no significant success in running online discussion
forums. Overall, student success rate was 70% with an average of 67% and with a total of
65 students over three years (2004).
A Programming Course at the University of West Florida
A few lessons that were learned included:55
•

•
•

•
•
•

Provide multiple methods of interaction to tie in with the different students’
learning needs and styles. This could include elements as diverse as discussion
forums, chat rooms, synchronous web conferencing for tutorials and office hours
and a pager tool (to touch base with an instructor in a more ad hoc way).
Elluminate was used effectively to show the design, implementation and testing of
programs live online and made for a great learning experience.
Use breakout rooms with Elluminate to let students collaborate in smaller groups
of two to four.
Ensure there are regular requirements for graded assignments (preferably every
week) especially for those students who have other work or personal
commitments.
Continually measure the student’s individual performance from interaction and
assignment marks and take immediate corrective action.
Provide ongoing immediate and detailed feedback to all students as soon as
possible after assignments have been submitted.
Encourage feedback from students and apply this as soon as possible to
improvements to the course.

Undergraduate Distance Education Engineering Programs in North Carolina
North Carolina State University’s College of Engineering has had a strong tradition of
provision of distance learning.56 In 1995, the key distance education methodology was
the video-based engineering education (VBEE) program. Over the period 1985-95, the
VBEE program provided 524 courses to over 6500 students, with the Master of
Engineering being a key offering. Typical programs included five undergraduate courses,
a computer science certificate program and a Bachelor of Engineering focusing on
nuclear engineering. There was initially one site-based 2+2 year Bachelor of Engineering
undergraduate program (the first two years at a community college and the last two years
at the University of North Carolina, Raleigh). This model was subsequently extended to
other community colleges in North Carolina.
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The challenges have included registration with different institutions, academic calendars,
scheduling of courses and access to common technology platforms. For example,
although the 58 colleges in the community college system have moved to the same
calendar, the 16 campuses in the University of North Carolina are different. Other
problems included getting instructors at the different campuses to be prepared for
presentations, driving students to return homework assignments and tests in a timely
fashion and to interface regularly with their students.
Application of Cognitive Load Theory to Improving a Programming Class
It should be noted that the conscious data you hold in your working memory is generally
linked together in chunks. For example, if you are thinking of the collection of four stars
forming the Southern Cross, you are likely to recall it as one chunk. You certainly don’t
remember in the recall of the Southern Cross each individual star’s location and its
brightness. It would be nigh on impossible to hold each individual star component’s
information in your memory and there is no need to.
Cognitive load theory helps to optimize learning and assumes that information is stored in
long term memory only once it has been properly integrated in working memory into a
mental structure which represents the schema of the material.57 It is based on the premise
of the following cognitive loads that act on a learner:
Intrinsic Cognitive Load. All learning materials have an intrinsic difficulty associated
with learning it. For example with programming this includes loops, logical tests, arrays
and function.
Extraneous Cognitive Load. This load is created by the way the information is
presented to learners. This could include text editors, compilers and operating systems.
Germane Cognitive Load. This load occurs for the, “processing, construction, and
automation of schemata necessary to integrate knowledge into consciousness”.57 For
example, this refers to numerical algorithms in computational mechanics.
It was suggested for complex material, bearing in mind that intrinsic load cannot be
modified, that the extraneous cognitive load should be minimized whilst the germane
cognitive load should be maximized.
A course on C programming for mechanical engineering students was modified applying
this theory. The existing class (prior to Fall 2006) was a face-to-face lecture in a
workstation lab with the instructor demonstrating his code line-by-line to the students
who would then work on their code in separate lab sessions. The class was modified to a
blended one with distance learning used to minimize the extraneous load and scaffolding
used to maximize the germane cognitive load. Scaffolding was used to focus on the more
interesting and applied topics of the algorithm rather than the syntax. Something more
motivating for engineering students and suitable for maximizing the germane load. This
approach was enhanced further by motivating the student further with film clips from
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topics such as Finite Element Methods and Computational Fluid Mechanics explaining
why the various algorithms were critical to their disciplines.
Horizon Wimba web conferencing software was used with application sharing (both
within the classroom and while at home). This allowed the instructor to dynamically take
control of student PCs and demonstrate aspects of programming to the entire class. A
consistent programming environment for all students was used to the server on campus
and thus reduced the extraneous load with one consistent operating system, compiler and
text editor.
The course redesign resulted in improved grades (by 40%) and due to the movement to
distance learning, enrolment restrictions were overcome as labs were not required any
longer.
Collaborative Project-based Learning
California State University Los Angeles implemented a remote project-based learning
environment using the OPNET simulation software for networking and data
communications courses.58 This was based around the collaborative project-based
learning model which has the key attributes of peer collaboration, small in-class projects
to ensure a steady build up of student design skills and immediate feedback from
instructors.
The results indicated that remote access for students was valued (especially since many of
them were working), the project-based approach has improved understanding of
concepts, the lectures need to be more closely aligned with the projects and more timely
feedback and assistance should be provided to students (varied according to their skill
level). Other challenges with improving the experience included dealing with intermittent
technical problems with the server, some team members did all the work and counseling
and training in working in a team were required and a better balance was required
between projects and lectures.
Bringing Distance Learning Technology into the Classroom
A scenario where web conferencing software is used effectively in a classroom on each
individual student's computer is outlined here.59 The usual approach in teaching a
programming course is to have lectures and associated lab sessions. In this modified
approach, two instructors are involved in the classroom session. One instructor delivered
the materials using the Centra web conferencing software while the other assisted
students with technical difficulties on their computers.
As a support, the ANGEL course management system was used to distribute the course
resources, quizzes, assessments and recordings of sessions. The students were formed
into teams to work together on assignments and classroom activities. Before the first
lecture of each week, the students are required to take a readiness quiz.
The instructor used the web conferencing software to present the PowerPoint slides and
to share the various student's work (using application sharing) with others in the class. In
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this way, the instructor can easily make improvements to a student's work and show
others what is being done. Each lecture segment comprised about 10 to 15 minutes and
was then followed by in-class exercises.
They made a few comments about their experiences:
•
•
•
•
•
16.6

Time to develop this type of course is considerably more than for a classroombased one.
Test runs are required to smooth out problems.
Students take a few weeks to get familiar with this new approach.
Those students who participated fully enjoyed an improvement in their grades
compared to previous years.
This highly interactive and team teaching approach should replace the traditional
lecture approach.
Nuclear Engineering

Nuclear Engineering Technology Online Courses
There has been continuing growth in Excelsior College's online offering in this area with
growth over 16 months increased by almost six times (to nearly 50 students in 2006).60 It
is strongly recommended that students are provided with an online orientation (especially
to the course management system) before commencing with the course. Other
suggestions are to ensure a solid administrative infrastructure, faculty should be able to
effectively teach in an online environment and course design and interaction are key
elements in achieving satisfied students.
Nuclear Engineering Synchronous Learning and Labs
The Nuclear Engineering Department at the University of Tennessee offered three
graduate programs to distance students: MS Degree in Nuclear Engineering, a Graduate
Certificate Program in Nuclear Criticality Safety and a Graduate Certificate program in
Maintenance and Reliability engineering.61 The Advanced Monitoring and Diagnostic
Techniques course was the first to be offered online in 2000 using Centra Symposium
software. The master’s curriculum was identical to that offered to that presented oncampus. All courses were presented synchronously and were simultaneously recorded for
students who missed the presentations.
The Centra synchronous software possessed the usual features such as electronic
whiteboard, audio over the internet and VCR playback of recorded sessions. In addition,
there were online notes, quizzes and discussion boards for students and faculty. The
instructors used the standard three methods of presenting with a synchronous software
package: PowerPoints, electronic whiteboard and sharing of programs.
The initial class sizes were small–six distance students and six local on-campus students.
A useful feature added was a number of SMART Board systems that allowed for
simultaneous presentation by the instructor to both the classroom-based and the distancebased students using a touch sensitive whiteboard which acted as an interface to a web-
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connected PC. Three types of labs were provided for the distance learning students:
remote labs using National Instrument’s LabVIEW internet development kit based
around a vibration simulator, a virtual lab using simulation software and a “mail-out” lab
(a so-called “laboratory in a shoebox”). The feedback to date on the course has been
excellent and the student enrolment has increased by 25%.
Graduate Certificate in Nuclear Engineering
Virginia Tech re-initiated its Nuclear Engineering program in 2007 and grew the
enrolment from 60 students to over 200 by 2009.62 Initially, live video conferencing was
provided to remote sites; however, students still indicated difficulties with travel and
accessing these high bandwidth broadcasts. The majority of students were not nuclear
engineers but a spread of (amongst others) mechanical, electrical, structural and chemical
engineers. An interesting observation was that only half the remote students were
interested in achieving a graduate certificate (as opposed to a full master’s degree).
Sakai Scholar was used as the LMS with discussions forums, chat rooms, assignments,
announcements, lessons, grades, quizzes and grades available. Centra was used for
synchronous web conferencing for tutoring and provision of office hour sessions.
Camtasia was used to create course videos and combined with PowerPoints available in
pdf format. An industry standard textbook (Introduction to Nuclear Engineering by
Lamarsh and Baratta) together with supplementary materials was used.
Office hour sessions were recorded for wider consumption with the assessment
comprising two or three weekly quizzes and homework problems with quick feedback.
The final exam was a comprehensive “take-home” one.
Overall, student feedback indicated satisfaction with the non-English speakers
experiencing some difficulties. Improvements were mooted to the structure of the online
forums and ways explored of transferring knowledge from those students with
considerable industry experience to the others.
Blended Nuclear Undergraduate Education with Labs
The Rensselaer Polytechnic Institute is one of the few institutions remaining that has both
a low-power nuclear reactor as well as a linear accelerator for teaching purposes.63 A
blended course was created using the Blackboard LMS, Mediasite (a video streaming
software package) and Adobe Connect, a web conferencing tool with a specific goal of
allowing remote participants to access the labs. The video streaming software, Mediasite,
synchronizes the video and slide presentations. The United States Military Academy at
West Point did not have any nuclear labs so their students attended the Rensselaer labs
either in person (~2.5 hour trip) or remotely. The online units provided considerable
flexibility in the style of presentation for reactor physics, criticality safety and radiation
dosimetry-based topics.
Each unit comprised readings with worked assessments, a self-assessment quiz, lecture
materials and student notes, experiment specifications and data analysis requirements
resulting in a lab report, and a discussion forum. All the theoretical modules could be
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delivered online and the hands-on lab components either required real-time participation
physically or through a remote hookup.
Rensselaer's Critical Facility was an open pool reactor using low enrichment fuel pins.
Five remotely operable video cameras were installed as well as videoconferencing. Full
reactor operation was allowed from a remote location. Rensselaer also has a 60MeV
linear electron accelerator that would be used with targets to act as an intense pulsed
neutron source.
16.7

Civil Engineering

Master’s Degree in Construction Management
The Department of Building Construction Management in the College of Technology at
Purdue University had a rather poor response to their master’s degree in construction
management program in 1990 with only a few students graduating.64 This was due to the
fact that industry did not pay a higher salary to students with master degrees; the industry
enjoyed full employment and graduates were not willing to give up their full-time jobs to
study on-campus.
The future has changed since then with more industry enthusiasm for a distance learning
approach. A master’s degree in Construction Management was crafted around the
following elements:
•
•
•
•
•

Synchronous web conferencing delivery using Adobe Acrobat Connect
Professional.
Blackboard LMS, used to post assignments and upload completed homework.
Classes ran from 7pm to 9.30pm Eastern Standard Time.
Students were required to visit campus during the first week of each semester to
liaise with faculty (and update themselves on the technology).
A student should complete the course within 21 months.

A Wacom Cintiq 20WSX pen enabled display with a 20-inch color LCD monitor was
used (together with microphone and headset) by the instructor.
The planned enrolment is for 24 distance students (and some residential students).
Overall, the program was considered a success although challenging for those instructors
who had to jump from using a chalkboard into online presentations. In addition, actual
graduations have been rather slow, so more effort has to be put into prioritizing academic
deadlines in the minds of the remotely located students.
Some Further Challenges as Time Went On with the Masters Degree in
Construction Management
The Master of Science degree in Construction Management presented through Purdue
University is presented synchronously for the lectures but the project itself requires selfpaced independent work and there have been difficulties with class members in
completing this.65 Even building in written assignments due each week to provide pacing
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for the course had no impact on the completion rate. A change was thus made to require
the students to submit a paper to a journal instead of engaging in the project.
A few further suggestions as a result of this experience were:
•
•
•
•

Distance Education students are normally mature age and thus very busy with
family and career activities.
Care should be taken to ensure there is sufficient time for students.
Structure should be provided to students so that they are not overwhelmed with
academic overload.
Academic writing requirements for construction managers should not be too
open-ended and have context within the construction industry.

Comparison Between Distance Learning vs. Classroom-based Graduate Level Civil
Engineering Course
The comparison between students at a top civil engineering school in the USA revealed
minimal differences in a graduate level course.66 Over two thirds of the students were
international students who were mainly engaged in either a master’s in Construction
Management or Civil Engineering degree program. The course comprised 15 sessions
and a final examination session with six to eight homework assignments. The lectures
were streamed live to distant students with optional recordings that could be viewed at
another time. Exams were proctored at local testing centers.
Scores were compared between both groups of students for homework, midterm exam,
term project and final exam with very similar grading from 2006 to 2008 (with distance
students on average about 3% lower). Homework grades were generally lower for
distance students due to the lack of access to on-campus tutors.
Fiber Composites Course for Civil Engineers
In 2008, the first online course on fiber composites for civil engineers was created at the
University of Southern Queensland using Moodle.67 The key resources used were online
discussion and quizzes, online lectures, videos and assignments. The results over the four
years subsequent to 2008 were examined with a few observations. There was solid
growth in numbers (7 to 23) sourced from throughout Australia. The preponderance of
undergraduates in 2011 resulted in poor results (many with only a passing grade).
Postgraduate students (often working in industry) were shown to be generally more selfmotivated to complete the course to a high level.
Civil Engineering Statics Course
A useful study in preparing a distance learning lesson study for a civil engineering statics
course was detailed.68 A lesson study is where a group of instructors take a short lesson
over one class period and refine it to optimize it for use by multiple instructors. There are
three specific objectives here in undertaking a lesson study. The first is to understand how
students learn. The second is to create a database of useful lessons for use by other
teachers. The final objective is to improve teaching through collaboration between
different instructors. The distance learning course was presented in an university to
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classes scattered across 13 campuses using Microsoft Livemeeting. Students could see
the instructor’s computer screen via the internet connection and had audio streamed in
through the telephone connection. Once the instructing team prepared the lesson, the
course was then presented and the students observed to understand the learning that
occurred together with the students’ reactions to the presentation. The lesson was then
analyzed to examine whether the learning objective was achieved; how the lesson could
be improved and finally, what did the instructors learn from the experience. The process
was then repeated and the lesson refined.
A combination of explanation of theory, hands-on experiments and interactive problem
solving was used in the presentation. However, significant difficulties were found in the
actual presentation with the students following the instructions and building the Tinker
Toy models to be used to demonstrate inertia. The students couldn’t relate this to the
tables in the book and finally, many of the students didn’t come to class prepared (and
even forgot to bring their textbooks which were a key part of the course). Furthermore,
students were not attentive to the presentation.
As an aside, it could be argued that this is not necessarily an appropriate use of distance
learning when it is to students who are not mature age students, and are listening to the
presentations in groups at each campus so are easily able to get up to mischief.
As a result of the poor student experience, a few changes were made to the lesson. The
lesson was shortened, theory was minimized (and transferred to an earlier presentation)
and the focus was placed on the experiments and calculations. The Tinker Toy models
(with appropriate colors) were tied in closer to the theory using the colors. Finally, all
textbook references were built into the presentation to avoid problems with students
forgetting their course materials.
In presenting the course again, there were still problems with lack of student engagement
and consideration was given to providing the students with a quiz and force them to take
notes by leaving gaps in the notes. There was no doubt that lessons and activities
delivered over the internet take longer than the same presentation in a face-to-face
session.
Articulation From Vocational Community-based Colleges to Universities
A common problem throughout the world is the difficulty in moving to a university
program, and securing full credit for the courses successfully taken at a community
college.69
It is not easy to get full credit at a university engineering program for the communitybased college courses focusing on the vocational technology side with an associate
degree as the result. A few community courses in drafting and electronics might be
credited, but the remainder aren’t that acceptable to a university. As most of these
students attending the community college are often mature age students, it is difficult for
them to commute or attend the university programs full-time. Hence, a distance learning
format is often the best solution provided it is economically viable with sufficient
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students and the program is of a high enough quality. The lab requirements have been
dealt with, in the one particular case quoted in this paper, by requiring students to do two
weekends at the campus of California State University Fresno and a half weekend at a
local (to the student) testing house.
Another example of the articulation problems from a vocational community college to
that of a university was noted at the University of Indiana, Purdue University
Indianapolis (IUPUI) and this was resolved using videos to view the labs.70 Here the
degree program in civil engineering technology and construction technology had four lab
courses: fundamentals of surveying, soils testing, materials testing and construction
surveying where the complete lab components were unable to be run at the associated
community colleges to IUPUI due to inadequate equipment.
A solution to this problem was to feed live video from the university testing labs to the
community colleges and to be incorporated within their traditional lecture-based classes.
The students were able to control the cameras during the lab sessions and thus had some
control of the observation process.
Two methods of increasing the interactivity were to get the remote class to send in their
lab requirements (e.g. a concrete recipe) to the resident technicians and to interact with
her as she performed the experiment. The second approach was to create teams
comprising local and remote students to perform the experiments using the university
LMS to interact and chat, initially in planning the experiment, then carrying it out and
finally in producing a lab report. One spin-off from the creation of these recorded videos
was as a study tool for students to prepare for their labs.
16.8

Mining Engineering

Engineering Diploma for Quarry Managers
A Diploma for Quarry Managers has been developed which combines a number of
elements, including web and interactive resources that have been sourced from both staff
of The Illawarra Institute as well as from industry. This course is supposedly unique with
no one else offering it at present. The learners have a very high degree of motivation.
They require the diploma in order to run a quarry in New South Wales, Australia. The
traditional classroom sessions would require 10 to 12 hours of classroom attendance per
week over three years to cover 19 subjects. About half of the course participants are
graduate engineers and the remainder from a variety of technical backgrounds. Many
were delighted with the opportunity to attend this course via distance learning.
There is a one week face-to-face orientation in which the techniques of being an
independent web-based learner are outlined. Students liaise with instructors by email, but
these are supplemented by two-hour chat sessions over two nights at two different times
of 6pm and 8pm because of different time zones for students. An online help desk
accessed via email is maintained, to provide advice and counseling. Besides instructors
there is also an on-site mentor or assessor. The essential approach with the course is to
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work through a detailed checklist with a list of competencies listed; and the resultant
evidence required to demonstrate this competency.71
Mining Engineering Technology Bachelors Program goes Online
The traditional Mining Engineering Technology bachelor’s degree at Bluefield State
College was extended to students with web-based distance learning.72 Their current
Course Management System (CMS) was based on Moodle. Drawings are a key part of
the course and a Tablet PC was used to mark them up and the CMS used to transfer them
between instructor and student. Presentations by students on mining operations design
and planning are required to be delivered by a web conferencing package such as Go To
Meeting, Live-Scribe or Team Speak. Virtual workgroups would use the CMS chat
rooms with due regard for security. Real-time exams were conducted on a particular
program with a limited amount of time using an limited scope CAD program (AutoCad).
There was concern about inappropriate students undertaking the course (with no
computer experience and limited self motivation), students believing that the course is
easier than the standard classroom delivery, the importance of a suitable induction
program to these new technologies and approaches and the need for a marketing plan to
attract at least 50 students to make the program economically viable.
16.9

Miscellaneous

Blended Online Engineering Technology course
The University of Dayton (Engineering Technology faculty) used online learning to
improve the students’ results for an Engineering Economy course during the summer
vacation period when they were away from the residential university.73 The traditional
way was to hand out assignments that the student would then work through over the
summer vacations. Due to the limited interaction between instructor and students, the
results of completing assignments were poor. Considerable self-discipline was required to
complete the work.
Interwise ECP Connect software was used with live streaming and interactive video and
audio over the internet. The application sharing and whiteboard features were critical. A
number of methods were used to communicate with the remotely located students. A
class schedule was posted on the course website every week which included the
following times for:
•
•
•
•
•

Attendance at mandatory online classes, where the instructor solved sample
problems.
Optional online tutorial sessions–one hour per week to discuss the assignments.
Homework assignments to be submitted by midnight on Thursday every week.
Online quizzes and exams–students could take the quiz twice within 24 hours
with two high-speed exams (to deter cheating) using an open book approach.
Threaded discussion assignments and extra credit for a greater contribution here.
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The results were a definite improvements to the students’ results mainly as a result of the
dramatically increased interaction between instructor and students. There was no
discernible difference in the learning in an online class against that of a traditional
residential classroom. Threaded discussions were a great way of setting up learning
communities.
There were some problems with significant delays in audio and video being experienced
between instructor and student during the synchronous presentations which was
unacceptable, but presumably this problem has now been fixed.
There is an important remark that online learning is definitely not for everyone. Students
must take responsibility for their learning and must still be self-disciplined about
attending the sessions and doing the work.
Community Colleges and Universities Collaboration
A further opportunity with provision of online learning is to provide lectures remotely to
community colleges that have students keen to extend themselves beyond their two-year
associate degrees to a full four-year engineering degree.74 The community college
university labs can be used for the practical portion of the course. This is effectively what
was done with Eastern Washington University (EWU) and North Seattle Community
College (NCSS) in combining to provide an engineering degree.
Recommendations that made for a successful partnership included ensuring all classes are
interactive for all students, provision of a university lecturer to NSCC to assist with the
operation of the on-site lab, all course material being made available to all students and
overnight document delivery between sites. A review after the first year of the
partnership indicated satisfaction and an increase in numbers to 18 students (with 15 the
minimum required).
Online Tutoring and Mentoring
An innovative application of synchronous online learning is tutoring specifically targeted
at children helping them with their academic growth, especially of use in those areas
where it is difficult to find qualified instructors. This methodology is applicable to
engineering students. There are five services that are listed, namely Brainfuse, vTutor
(Elluminate), Smarthinking, Tutor and eSylvan. Typical subjects include reading, writing,
mathematics, science and social studies for students in grade 3 to college. There is
flexibility in the hours in which they offer these services. The one package,
Smarthinking, has a very sophisticated whiteboard offering many sophisticated
mathematical tools for drawing equations and plotting graphs.
Tutoring one-on-one, especially using web conferencing software, would be great to
apply for mentoring of engineers and technicians working in the field far away from
support.
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When Things Don’t Work Out
A few courses from a traditional classroom-based degree program at Minnesota State
University at Mankato were put online. The video recorded the face-to-face lectures and
converted them so that they could be streamed over the internet. The assignments were
supplemented with a regular weekly quiz to ensure the students didn’t put off their work
for too long. Other challenges were students not having their computers set up correctly,
handling student assignment submissions which were in a variety of formats, managing
the enormous number of individual queries from students and in minimizing risk in
ensuring there was no copying/cheating or plagiarism with assignments, examinations
and quizzes. The amount of time required of the instructor was considerably more than
for a normal classroom session; mainly as the instructor also had to film and edit
presentations to a high level of quality.
However, there were enormous challenges with problems with copyright in streaming
videos on the web and obtaining permission was quite protracted. There was an apparent
problem with copyright in re-using old instructor’s materials and also in adjusting them to
the new instructor’s details.
Eventually, it was decided to revert to the old format of classroom sessions due to the
massively increased costs and time of the online approach. Students also indicated a
preference for traditional face-to-face classrooms although many commented on the
flexibility and ease of reviewing online lectures multiple times. They found that the
grades were similar for both online and classroom sessions although some online students
didn’t do as well; this could be mainly ascribed to less laboratory experience and limited
interaction.75
Blending Learning for Undergraduate Engineering Degree Program
A joint engineering program between the University of Kentucky and Murray State
University had a distance of 50 miles separating the campuses with attendant lengthy
commuting for some of the faculty.76 As a blended alternative to commuting for two days
per week, Elluminate was used one day per week to present the lectures (mechanical
engineering). There was a slight irritation with different programs used for annotating
Microsoft PowerPoint slides and the Elluminate whiteboard slides and having to combine
them again into one pdf file. This was resolved by annotating the same file whether
teaching face-to-face or online (and performing Elluminate application sharing) using
Windows Journal.
The engineering faculty felt that this blended approach was excellent as it dispensed with
the waste of a few hours on the road commuting. If there were any awkward issues that
couldn’t be dealt with using the online approach, they could catch up at the next face-toface session. The online lessons before an examination were also extremely well attended
and highly interactive.
The two student groups were split in terms of their opinion of the efficacy of the medium.
The one who attended traditional classes wasn’t enthused and felt that it was harder to
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concentrate. Some of the technical issues such as poor audio and inadequate PC hardware
made it a less than pleasant experience.
The non-traditional students who were trying juggle work and family commitments found
this medium extremely useful and powerful.
It is not clear how long the lectures were using Elluminate but 45 minutes to 60 minutes
should be the maximum. If the lectures are longer than this, then there would be definite
interactive and concentration problems on the part of the student.
Managing Different Cultures
An analysis was performed on a group of students from the disciplines of architecture,
engineering and construction management from a wide variety of countries ranging from
the US and Japan to Asia and Europe to design a building according to a client’s
specifications.77
When different cultures work and study together, there are some nuances worth knowing
about and then adapting the instruction appropriately. An effect that we see often in our
distance learning presentations to different cultures is the instructor and learners adapting
their individual styles to create a third way to optimize their communications. We were a
little bemused when an Australian instructor doing a series of one-hour synchronous
presentations and frustrated at the lower level of understanding from a class of American
students (scattered around the USA) had adapted to an American accent by the second
presentation. He found he fitted in more and achieved greater understanding.
The importance of instant messaging is often underrated. Here, all groups were using it
on a regular basis and preferred it to a web conferencing package’s audio and video. This
is especially true of groups who are from a non-English background. One can see echoes
of this with people in every day life who in using their mobile phones prefer to text each
rather than to call. The suggestion was made that it may even be faster to text rather than
to call due to the time it takes to comprehend speech. The English speakers often
naturally reduced their speech speed to accommodate non-English speakers. Some
cultures were rather cautious about contributing too much to discussions. For example,
the
Swiss
participants
contributed
far
less
than
the
Americans.
Finally, time is not considered a major issue in many Asian countries (e.g. East Asians)
whereas for the Dutch it is of major import. It was observed that despite this, the Asians
were far quicker in responding to emails than the Dutch.
Synchronous and Asynchronous Learning in one Seamless Package
Most examples of online learning tend to focus strongly on one approach or the other.
However, the approach from Christopher Newport University applies both in equal
measure using one software package (Web-4M).78 The package comprises nine
communication and collaboration tools: Whiteboard, interactive slide show, chat, audio,
multicast chat, email, student logs, document sharing / posting and calendar.
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The instructor sets up a permanent room where the class can always meet. Two other
types of rooms are so-called “annexes”, which any student can create for temporary
meetings, and “hideouts” where only invited participants can join in. The multicast (or
“Yo”) feature allows one to call other users on the system. A notification pops up on the
recipient’s screen and together with an audio notification, they are alerted that a message
has arrived or that they are invited to a session. The browseable document library allows
students to view documents uploaded to the library in a variety of formats (such as gif,
jpeg, pdf and mpeg).
Most of the features provided are fairly typical of a standard synchronous web
conferencing package apart from a few useful features such as “stealth mode”, in which
an instructor can monitor a chat room without being noticed and can monitor the
document library that is a central storage location for all documents. Another useful
feature is for the instructor to set up “virtual office hours” and stay logged in with Web4M. Students can see him and use the less intrusive chat facility to communicate or,
indeed, use the whiteboard and audio if necessary. No video has been included due to the
concerns about bandwidth constraints. It was proposed to add in both synchronous
questions (with a histogram reporting the results) and asynchronous (including timed)
exams with different question types such as true / false, multiple choice, numerical, essay
and survey.
Unfortunately there is no mention of the success or otherwise with this tool with real
classes at the university. A few years ago, this tool’s advantage was the seamless
combination of both synchronous and asynchronous features; however most users today
would use a fairly sophisticated Learning Management System and synchronous online
learning package to achieve similar results.
An Engineering Teamwork Course for Distance Learners
The team engineering course is a compulsory unit in the Open University’s (UK)
Integrated Masters Degree in Engineering.79 The objectives are that at the conclusion of
the course, students as part of a team will have demonstrated the ability to communicate
effectively, develop a plan for a personal contribution to the group project, negotiate and
comment critically on their personal role in the group and, naturally, work effectively
within a team.
There were two tools that were used extensively in each team as part of this course. This
was Flashmeeting (developed by the Open University’s Knowledge Media Institute),
allowing voice, videoconferencing and text chat to all participants and the recording of
each session. In addition, each team used a series of wikis, one of which allowed overall
access by the team and one providing only individual private access for each member.
The wiki was used to place such items as meeting agendas, minutes, task allocations and
project journals and often became a shared document repository. These wikis were
accessed by the course tutors to gauge progress but their use was rather fractured
depending on the particular team, as to level of use.
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An initial residential weekend was set up so that the teams could be formed and the
essential parameters for the course could be detailed. The course was concluded with
another residential weekend for presenting the group project.
Two important principles adhered to in the assessment of the course were that everything
was determined as part of a team. The achievement of each team member was assessed
through their personal reflection on the team process and their tutor's observations.
The conclusions drawn from this course were that:
•
•
•

Teamworking learning outcomes can be undertaken in the distance learning
environment with minimal face-to-face interaction.
The recording features of Flashmeeting and wikis provide an excellent and
transparent way of assessing students.
Sadly, some students don't like a group assessment and feel it is unfair.

There are an enormous number of free or low-cost collaborative documentation packages
(such as those from Google) that could be used in place of the wiki. One question that
still remains unanswered was whether students who cannot meet face-to-face are able to
form strong working relationships.
Blended Learning is the Way to Go
An application was detailed where classroom sessions were systematically converted into
a blended learning offering for postgraduate control system education.80 This used Centra
software with whiteboard, graphics tablet or Tablet PC for pen input. The course was
structured using a mix of synchronous and asynchronous online learning (downloadable
recordings), all supported by a Learning Management System (or as they refer to it here,
a Course Management System called ANGEL from Penn State University).
The Tablet PC was considered essential for the Stochastic Control Systems course
delivery due to the need for accurate drawing of formulas and graphs. The loss of
animation in converting the PowerPoint slides to images within the Centra (or indeed
Adobe Connect) web conferencing software was a problem and the Windows Journal
Viewer (and later Windows OneNote) was used for these portions using the application
sharing facility within the web conferencing package. Some of the issues identified
during the design and delivery process were:
•
•
•

•

Blended courses with their specific requirements detailed should be clearly
promoted to students to avoid confusion.
Support and training in the use of the new technologies for both instructors and
students should be substantial to avoid dissatisfaction.
The course requirements should clearly detail the structure of the course and the
particular requirements on students for both the synchronous and asynchronous
components.
The actual live lecture should be objective, have interactive discussions every 15
minutes and include appropriate measures of learning.
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•

The estimated design time for each hour of lecturing was estimated to be four to
six hours.

Some other observations were:
•
•
•
•
•
•

It takes several “test runs” for the instructors and two to three weeks for students
to get familiar with the technology.
Students are generally positive about the technology.
The ability to review recorded lectures was regarded as the most positive aspect.
The pre-assessment quiz can reduce delivery time.
This form of course is singularly appropriate for graduate level courses.
Overall, the author felt that this active form of distance learning with live
instructors using web conferencing is a considerable improvement over the
traditional asynchronous form of distance learning involving passive delivery.

Collaboration Between Different Universities
The South Dakota School of Mines and Technology (SDSM&T) and the Mongolian
University of Science and Technology (MUST) linked up to present an MS degree in
Technology Management through distance learning using asynchronous online learning
in 2004.81 The MS degree created by the SDSM&T is aimed at practicing engineers and
technologists and covers management, finance, operations and quantitative methods. It
has been a popular course with growth rate of 12% per year (as of 2004) and almost 50
students enrolling in this year.
From a Mongolian student’s perspective, there is a significant advantage in achieving a
Western university qualification as well as a significantly reduced cost in a cooperative
venture with a local university in presenting this course through distance learning. There
were a number of challenges mainly relating to difference in costs, marketing, delivery
method and training of MUST staff. The course was managed by SDSM&T with course
lecture notes, assignments, solutions and supplementary materials provided online.
Lectures were provided on DVDs mailed to students in the USA but this was not
workable in Mongolia so an internet delivery mechanism was employed with the
Mongolian translations maintained at MUST. Students were given credit for 12 credit
hours of MUST courses (out of a total of 32 credits). Students were required to attend one
class session at MUST every three weeks. One of the greatest challenges cited has been
the conversion of the existing curriculum to the delivery format suitable for Mongolia.
Georgia Tech Regional Engineering Program (GTREP)
The Georgia Tech Regional Engineering Program is a collaboration program between
Georgia Tech and three other partner institutions in providing Georgia Tech engineering
degrees to the local students who would not normally have been able to access these
courses.82
At Georgia Tech (in common with many other institutions) it was found that faculty were
relatively unenthused with getting involved with internet-based distance learning. The
software program, Infusion, was used to capture the PowerPoint slides with synchronized
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video, audio, images and annotations. Hot clickable links were provided to
supplementary materials. This was used for asynchronous presentations. The Polycom
videoconferencing system was used for provision of synchronous online learning.
Master of Science Degree in Mechanical Engineering (MSME) through Georgia
Tech
Since its commencement in 1996, nearly 720 graduate students have undertaken the
MSME with 158 graduating.83 There has been no distinction between the on-campus and
distance learning approach, which has been presented in an asynchronous style. The
authors reflected on some of the issues in presenting the structural vibrations senior level
mechanical engineering elective course.
The course delivery software used was Tegrity, with course notes captured using a stylus
and a Tablet PC. The audio and video of the lecture was packaged with the course notes.
The first challenge faced was the space limitations of the Tablet PC (compared to the
traditional classroom whiteboard). The material is all retrievable but not simultaneously
viewable. Having color available through the use of the Tablet PC and software, added
considerable value to the recordings.
There was some difficulty in easily moving around the classroom as the instructor was
tethered to the Tablet PC. Being able to integrate computer applications such as
MATLAB and PowerPoint into the course lectures added considerable value. There were
concerns about releasing the lecture recordings to the on-campus class due to the anxiety
about a significant drop off in lecture attendance, but this didn’t eventuate when they
were provided to all on-campus students as well.
In using asynchronous mode, there were concerns about the lack of interactivity and class
discussions. It was, however, anticipated that in using synchronous web conferencing that
this issue could be eliminated, or at least reduced. Finally, being able to record lectures
freed up the lecturer for those difficult-to-manage trips away from campus in the middle
of a series of lectures.
Other miscellaneous issues were the superb archive of course materials being built up
around the lectures, the need to remember to switch off the microphone when not being
used, the clutter of connecting cables everywhere and the criticality of only releasing
solutions to the students when the expiry date for that assignment had elapsed.
An Integrated Web Conferencing, Simulation and Remote Lab Tool
It was noted that there was no single package (not even those such as Adobe Connect,
Centra Systems and Blackboard) providing support for videoconferencing, remote labs,
simulations and downloadable course lectures.84 At Sonoma State University (USA), a
software package called the Integrated Virtual Learning Platform (IVLP) was created.
This provided a unified set of features, allowing for web conferencing, real time chatting
and remote labs. For example, this allowed the instructor to support live demonstrations
of labs while lecturing to the students.
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They based their design around Windows XP and LabVIEW 2009, where the central
server is set up as the LabVIEW web server. The remote client can gain access to the
instruments through the LabVIEW web server via the virtual instruments (VIs). In setting
up the server, LabVIEW had to be configured to allow for remote connections and the
application VI had to be "published" using LabVIEW's web publishing feature. This
required the server to have a static IP address. The firewalls also had to be configured to
allow access to all users. At the client end, when the application is accessed for the first
time through the browser, two ActiveX plug-ins are installed together with LabVIEW's
run-time package.
The various modules of the IVLP included lecturing using PowerPoint, Excel and pdf
formats, simulations, remote lab experimentation, quizzes to check the level of
understanding of the students, videoconferencing, requesting new experiments and finally
reports on student performance and progress.
Future work planned included adding in a time-out feature to users logged in but not
using the IVLP, providing support for multiple simultaneous remote labs, security access
to designated users to access student records, providing an interactive quiz facility and
monitoring of the web traffic passing through the IVLP web server.
At this stage, there has been no widespread usage of the IVLP but it was hoped to
increase user numbers beyond the immediate group.
Fire Safety Engineering Technology
Due to their varying times of shift work, fire service professionals find it challenging to
undertake further study.85 The issue of studying further was made more challenging in
that in the USA (in 2004), there were fewer than eight accredited four-year institutions
offering a degree in Fire Safety Engineering Technology, with only a few offering it via
the web.
Many fire service professionals are now required to obtain a four-year degree for career
advancement. The University of North Carolina at Charlotte offers a distance learning
program using a WebCT course management system (or LMS) and a Centra web
conferencing package conducted with a mix of one third asynchronous and two thirds
synchronous. The typical fire station today has internet access, so this is a workable
solution. The degree is offered in two components: a two-year associate degree which
optionally feeds into the remaining two years giving a Bachelor of Science degree in Fire
Safety Engineering Technology. The authors point out that the underlying basis for these
classes aimed at mature age professionals is andragogical (adult-based education) where
the dominant factor is the learner’s own experience. Three driving elements in the
learning process for adults are:
•
•
•

The reasons for knowing the learning material.
The need for self-direction in learning.
The context of the adult learner’s experience.
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Unusually in the first author’s experience, one of the most used resources at UNC
Charlotte has been the asynchronous threaded discussion board where a particular subject
is discussed at length before a live synchronous meeting in Centra. An added bonus to
conducting the courses virtually has been the disregard for rank and status in the students
interacting with each other, thus making discussions more fluid.
Florida A & M University
It is suggested that synchronous distance learning can be closely modeled after the
traditional face-to-face classes.86 For the presentation of highly technical content, the
traditional synchronous virtual classroom is still the preferred mechanism for delivery.
The Division of Engineering Technology at Florida A&M University offered a four-year
program in engineering technology with specialties in electronics, civil, construction and
manufacturing. In 2003, the upper division components of these were presented to eleven
community colleges around Florida through a VTEL TC2000 videoconferencing system
that allowed for TV picture quality supplemented with asynchronous delivery of video
tapes of lectures to the remote sites. Labs were undertaken either on local computers,
using available local equipment, loaning equipment from the main campus or students
making the perhaps, lengthy journey to the main campus (especially for the civil and
construction engineering courses). Students were satisfied with the approach especially
the ability to review tapes of lectures.
Blended Learning But All Online
An exceptionally productive and effective approach was outlined for the Engineering
Economy course in the Department of Engineering Technology at the University of
Dayton.87 One of the challenges with asynchronous courses especially is that of students
postponing the study and assignment work until the last minute; hence considerable selfdiscipline is required in order to complete the work. A blended model with synchronous
and asynchronous online learning was used in the delivery of this course. A philosophy
underpinning the delivery was the need for tight enforceable deadlines that were spread
through the course, as many (decidedly not all) students are not good time managers.
The students were required to study the recorded lectures, read the assigned text material
and do the homework (all downloaded from the WebCT LMS) before attending the
online synchronous presentations through WebEx. In order to build up a strong habit,
homework was always due on the same day and time (midnight on Wednesday). Online
“office hours” where the instructor is available for questions from students was set up for
Wednesday evening.
Quizzes (for learning) and exams (for assessment) were administered online through
WebCT. The students could undertake up to two quizzes each week; the highest scored
quiz counted towards the overall grade. Two exams were administered, both online, at the
mid-term and end of the course with a tight time deadline. These were open book with a
randomized multiple version of questions.
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Threaded discussions were provided on a discussion board with students being required
to respond to one or two questions posted by the instructor every week. This built up the
skill of the student in using high quality written communications.
The online synchronous sessions were conducted once per week for an hour using
WebEx. These were effectively tutorial sessions where the students could discuss
difficult problems or consider questions posed by the instructor.
Student evaluations at the end of the course were compared with a traditional face-to-face
course, but although the online course candidates had a slightly higher average grade, the
differences were not significant. Finally, the Tablet PCs that were donated to the
department were very useful allowing easy written annotation on PowerPoint slides, and
all students are now required to purchase these versatile devices.
Project-Based Distance Learning
An effective approach to project-based distance learning particularly in the engineering,
science and technology fields was undertaken at the College of Engineering and
Computer Science at the University of Central Florida in Orlando.88 The Senior Design
Project is a required design course for all engineering technology majors during the last
semester of their senior year. This is a hands-on project requiring the students to design,
build and test a product. A careful budget was required (including their labor). Careful
time management skills are required to fit this work into their normal class (and work)
schedule. Students work in terms of teams of two or three. WebCT, instant messaging,
web-based cameras and microphones were required. In addition, Camtasia and Tegrity
were used for screen recording.
The student project had to conform to the general guidelines outlined in the master
document posted on WebCT. A written project proposal then had to be submitted by each
group within three to four weeks of commencement. A detailed set of specifications was
required, which the final result of the project was compared to. A final presentation was
required including a project demonstration. A few benefits of this distance learning
project compared to the previous on-campus approach were time saving using WebCT,
improved interaction between faculty and students due to the use of multiple tools (both
synchronous and asynchronous used throughout the day and week), ease of document
delivery (using WebCT), lower utilization of the time-stressed classrooms and significant
cost savings.
Associate Degree Articulating into Bachelor Degree in Engineering Technology
The University of Dayton set up an agreement in 2002 with Edison Community College
to provide their associate degree graduates with courses provided through distance
learning to allow them to complete a bachelor's degree in Engineering Technology.89
There was a 45-minute commute between the two institutions. making distance learning
an attractive option.
The University of Dayton was equipped with a Polycom videoconferencing system with
two cameras, a SMART board panel, associated microphones, speakers and monitors.
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The SMART board allows the instructor to write on a variety of images including
PowerPoints. The first two distance learning courses were Project Management and
Manufacturing Design and were simultaneously taught to a local class as well as a distant
Edison College classroom.
Course resources, lectures and class discussions had to cater for two groups of students:
those at Edison College who were part-time mature age students mainly working and
those at Dayton who were full-time with very little experience. This required the
instructor to put in considerably more work than for two equivalent traditional residential
classes. On occasion, both groups of students (distant and on-campus) felt they were
being ignored with lack of eye contact. For example, the instructor often concentrated on
the TV monitor at the rear of the classroom showing the distant Edison students. Audio
between the different groups often had to be modulated as it was too loud. There were
technical difficulties with the videoconferencing system and there was the usual dilemma
of whether to continue teaching or to suspend instruction while the problem was being
rectified. It was difficult to identify who was speaking at the distant site and students had
to identify themselves first. Some guest speakers declined invitations to speak when they
became aware that they might be appearing on camera.
An important issue was efficient management of submission of assignments, as initially
requiring all students (approximately 50 in the first group) to email to the instructor
quickly became chaotic and a proper LMS would be appropriate to handle this load. It
was easy for all students to obtain course books without having to travel to remote
bookshops by simply ordering online.
Planned improvements for future classes included: a more expansive whiteboard that
could be transmitted to distant students (e.g. containing the workings of a lengthy
problem), a chat room and more efficient document sharing. Overall, the current system
provided both distance and on-campus students with a similar learning experience and the
plan was to expand it to eight courses per semester.
Moving from Traditional Videoconferencing to Online Desktop
The Commonwealth Graduate Engineering Program is a distance education program for
graduate engineering education in Virginia, USA.90 They have been through the various
technologies in presenting the courses through distance learning: microwave, satellite,
ATM networks and more recently, interactive videoconferencing (IVC). However, IVC
requires delivery to specific classrooms (in Virginia) at often inconvenient times for
students (often during the student’s work day, when the lecture is being delivered oncampus). The need to move to a student’s (often mobile) computing device means that
IVC is simply unacceptable nowadays.
It was decided that the courses could easily be modularized for asynchronous delivery
without the requirement to produce “Hollywood quality” learning materials. These
modules could be placed online and used in conjunction with live web conferencing and
interactive discussion boards. This approach is considerably more convenient for students
in providing an engaging active learning environment.

521

Geographical Information Systems
The University of Hartford College of Engineering, Technology and Architecture created
a blended Introduction to Geographic Information Systems (GIS) course in 2003.91 After
considerable research it was decided to use PowerPoint slides with audio from lectures
pre-recorded, rather than a live internet broadcast. Adding video to the PowerPoint slides
was discarded as an option due to the enormously large file sizes that resulted. The
presentation was done in conversational style using a script. This entire process took a
significant amount of time; almost 200 hours for five lectures. Halfway through each
lecture (an hour in total) a short quiz of 45 seconds was added to liven up interest.
Questions were answered during the short follow-up Netmeeting tutorial session.
Homework questions were answered from the textbook and submitted via a Word
attachment to an email. All the students attended the lecture and follow-up session in a
classroom on campus. Blackboard was used as the LMS.
For the remainder of the time, the students were free to work at their own pace provided
they complied with stringent submission deadlines. One of the major components of the
course (30%) was the project undertaken in the students' own time.
The labs were successfully undertaken on the students' own computers using the GIS
software (ArcView), provided free for 180 days, with the textbook used. This meant the
students had an equivalent experience to that of the university lab
A review at the end of the course indicated some problems with the term project, such as
computer technical issues, inability to draw cartographic models, calculation errors and
poor report writing techniques. Besides this, overall the course progressed well with
similar grades to the classroom-based course for labs and homework (but not for the
project). The students were satisfied with the blended approach. More work however
needed to be done in preparation for the students' project, more training for the instructors
in these new distance learning techniques and more support to students for computer
software and hardware problems.
Astronomy Course Improvements
There may be some raised eyebrows at discussing astronomy in a book of this nature, but
this has great applicability to conversion of engineering or technology courses from
traditional to online formats. Enrolments for the Swinburne University of Technology’s
Master of Science in Astronomy (and associated graduate certificates and graduate
diplomas) have over 250 students (in 2008) from throughout the world.92 Until recently
all course materials were delivered via CD with a typical unit comprising 1500
PowerPoint slides broken into 35-40 activities. Students view the slides in the PowerPoint
viewer program and also the web pages (saved on the CD as well). Interaction with
instructors and their fellow students is via asynchronous newsgroups and email.
PowerPoint’s ability to present text and vector graphics, images and animations as well as
play movies and audio files with direct links to websites was unrivalled and easy to set up
and widely accessible. Assessment is based on a range of computer managed tests,
essays, projects and contributions at online discussion groups. An interim measure of
using downloadable pdf and Flash animation formats was discarded.
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The approach outlined above was transformed to using Drupal, an open source, webbased content management platform that is a PHP application that can store content in a
database. As a supplement to this, the PHP-based open source Coppermine Photo gallery
was used to record and store the thousands of images. The SAO (Swinburne Astronomy
Online) Virtual Cadet, a web utility developed for the purpose, converted the PowerPoint
slides (20,000 of them) into Drupal book pages, and the SAO Viewer, used by students
and instructor, which comprised a PHP back end interfaced to the Drupal database and an
AJAX front end. The SAO viewer is embedded in the university’s LMS (Blackboard) and
thus the course materials could be be easily accessed.
Feedback from students has generally been positive with appreciation for the standard
“look and feel”. The ability to access (and collect) material offline via pdf files is also
valued.
Online Master of Engineering in Professional Practice
The Master of Engineering in Professional Practice (MEPP) is a two year engineering
management program presented by the University of Wisconsin-Madison.93 The program
is cohort-based running over two years with about 30 students per year and a graduation
rate of over 95%. It is online and students can thus participate from anywhere in the
world with only one on-campus week session per year in August. The course is strongly
focused towards applications-oriented learning with engineering subjects such as
Technical Project Management, Economic Analysis and Management, Communicating
Technical Information, Problem solving with Computers, Research, International
Engineering Strategies, Statistics, Engineering and Business Data Communications and
Quality.
The course commences with a one credit course, Network Skills for Remote Learners,
which provides the necessary training in studying online, covering such topics as tools
used, best practice in collaborating and learning online, personal learning goals and
creating an effective schedule to undertake the 20 hours per week required.
The 16-week semester-based Technical Project Management is a good example of how a
course is conducted, with an example of a week's activities, detailed as follows. As a start
to the week's activities, the students listen to a 30-minute introduction to the current
lesson (available on DVD or online). There are then readings from the study guide and
textbook. The student has to participate in the online asynchronous discussions led by a
student volunteer on a selected topic. A live web conference is conducted on either a
Wednesday morning or Thursday evening using Microsoft LiveMeeting and through
teleconference. During the web conference a review is done of the previous week's online
discussion, a student-led presentation is held and the session is completed with an
instructor-led review of the current week's lesson. Finally, there are homework and
assignments (together with a collaborative team project) that have to be completed.
Moodle is used as the LMS to underpin the course.
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The regular feedback (formal and otherwise) at the end of each semester was generally
very good with positive comments about working with fellow professionals, the weekly
discussions and the team project.
A summary of the key lessons for the success of this program were:
•
•
•
•
•
•

The course must emphasize the applied practical nature of the course and be stateof-the-art.
The highly experienced student know-how must be tapped during the course.
Traditional project management tools as well as alternative approaches should be
covered.
Team work must be managed effectively to be a key part of the course.
A high standard of professional conduct should be demanded from the students.
Online learning should be leveraged effectively so that it is not merely a poor
shadow of a face-to-face classroom session.

Commencing an Engineering Undergraduate Program
A synchronous distance learning model (as opposed to asynchronous self-paced learning)
was selected at the University of Western Florida, due to what was considered a more
demanding engineering program and has operated since 2003.94 The lecturers delivered
lectures to students at both the Pensacola and Fort Walton Beach campuses with high
quality audio and video. The faculty at the campuses were responsible for the lab
sessions. Lab equipment for the earlier years of the course was not considered
particularly expensive as it was low-cost and computer-based; however, for the final
years with the emphasis on high frequency / short transient conditions, the equipment
could be costly.
The challenges for both faculty and students were:
•

•

•

Despite the large screen monitors being used in both local and remote classrooms,
establishing a close link between local faculty and remote students was difficult
due to the lack of facial expressions and other non-verbal feedback.
Remote student exams were transferred using the mail service that meant delays.
Using the process of scanning a paper copy or creating the work directly on a
Tablet PC were apparently more time consuming than a paper copy.
Finally, it was considerably more time consuming to help remote students during
office hours.

Overall, distance learning courses consumed considerably more time than the equivalent
classroom sessions.
Conversion of Labs and Courses to Distance Education
Distance education at East Carolina University has been a source of rapid growth
compared to that of the traditional campus (21% compared to 2% in 2006).95 Although
distance learning was a critical part of the offering, only three out of 24 labs were offered
online. Five foundation-lab intensive STEM courses common to all programs were
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targeted for incorporation of distance-education labs. These courses were
electronics/electricity, materials and processes, computer numerical control, thermal and
fluid sciences and electromechanical systems. A mixture of tapes, virtual instrumentation,
virtual reality and CD-ROMs were proposed. For example, the course Thermal and Fluid
Sciences had the following proposed structure for its distance-education labs: viscosity
measurements (tapes); principles of heat transfer (virtual simulation), fluid flow (virtual
reality) and principles of HVAC (Web).
An Online Microbiology Lab
An effective demonstration of putting a microbiology course online (a first-year college
course part of a nursing program associate degree) was done at Ocean County College.96
Over 14 courses in the sciences were offered online. A microbiology lab kit from HandsOn Labs was used as the centerpiece for the labs with an inexpensive microscope (with
optional oil immersion lens), supporting equipment and specimens. This allowed for such
varied experiments as observation of bacteria and blood, culturing microbes and
antibiotic testing.
One of the keys to the success of this course has been in creating a sense of community
with personal pictures and a vignette of all participants’ lives. The instructor made a point
of chasing after students with a follow-up phone call if they missed the first assignment
or were dissatisfied with anything about the course. The course was made topical with
current and local news being weaved into the course content. One of the challenges with
any course is to deal with “lurkers”–those who don’t directly participate–and 20% is
assigned for participation and attendance with active interaction to get the lurkers to join
the discussions. A reinforcing note is included in the course requirements that purchase of
a lab kit is mandatory. Photos of students performing the labs and their experiment helps
to demonstrate that the work is indeed being undertaken.
A high quality supporting website with a detailed course syllabus which is fresh and
constantly being updated is critical to the course’s success. Despite this course being
presented in an asynchronous way, retention rates of 95% or higher were achieved.
Interactive Biomedical Engineering Course
A series of biomedical engineering course modules was created with animations and
simulations based around Medical Imaging with five commonly used topics (X-ray, CT,
MRI, Nuclear Medicine Imaging, Ultrasound and Image Processing).97 An open source
MySQL database managed the updating of the materials and tracked the learning through
various assessments. The structure for each module included a background review to the
subject, cartoon / movie animation, text-figure description, program simulation and
demonstration. An assessment tracking system provides ongoing assessment of each
student. Although the comparison showed no significant differences, it would appear that
there is a trend toward improved learning using this package as compared to the
traditional classroom approach.
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Engineering Statistics Course Placed Partially Online for Large Classes
The University Technology Petronas in Malaysia has up to 600 students (and three
instructors) in the Probability and Statistics for Engineers course conducted at a normal
university campus.98 There were thus challenges with the distribution and organization of
course information, communication between students and faculty, feedback opportunities
and group work.
The Moodle LMS was thus installed in January 2007 to help with this course with the
following elements: tutorial registration of students, communications of announcements,
easy online access to course materials (lectures notes and course outlines), online
assessments (with grading) and student surveys.
Overall, students were happy with the improved system. However, the online quizzes
were not successful with slow connections and difficulty in reading mathematics symbols
on some computers. For the instructors, it was very time consuming and cumbersome in
setting up the online quizzes. The online discussion boards were also not used by the
students mainly because of access to mobile phones and close physical proximity on
campus.
The WileyPlus online assessment system was introduced in January 2009 to improve the
quiz assessment part of Moodle.99 The pre-loaded questions include multi-step problems,
multiple choice questions, true/false, matching, numerical, short answers, descriptive,
calculated and essay. There are also online guided problems with step-by-step interactive
problem solving guidance. The instructor could set options for randomization of
questions, number of attempts possible, time to complete the work and type of additional
help provided. Most of the assignments were opened for five to seven days with
immediate feedback given when a student completes an assignment. More than 70% of
the students found the online assignments useful. Problems listed were slow connection,
some mathematical symbols not being recognized by the PC and, finally, the numeric
value of answers needs to be in precisely the right format otherwise it is rejected.
Second Largest University in the USA
The University of Central Florida (UCF) is the second largest university in the USA and
has the following methods of course delivery:100
•
•
•
•
•

Web classes–web-based learning.
Video Streaming .
Mixed mode / reduced seat time–classroom-based content available via streaming
video.
Face-to-face / video streaming–face-to-face class meetings are recorded for video
streaming.
Face-to-face.

The only other format, Interactive web conferencing type classes, was cancelled in June
2009 due to lack of student interest.
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Since 2006, the College of Engineering and Computer Science has used Tegrity, which
captures all classes for later review by students using easily searchable facilities from
their computer. Video quality can be up to 1920 X 1080. Handwritten material on digital
whiteboards (which is also recorded) has gradually been replaced with slides (in 45% of
the materials). Engineering instructors traditionally used handwritten lectures on
whiteboards to show derivations.
A summary of the engineering student breakdown at UCF was estimated to be as follows:
•
•
•
•

Approximately half are working full-time.
About 80% take fully online courses for convenience (of not having to front up at
campus).
Most (85%) are satisfied with online courses.
Instructors feel that web-based teaching consumes far more time than traditional
classroom-based work.

Joint Japanese and American Course
A synchronous combined lab (spectrometry and machine vision) and lectures were
conducted between University of Georgia Biological and Agricultural engineering
department (in the USA) and Kagoshima University Department of Environmental
Science & Technology (in Japan).101 Some of the challenges in making this project a
success were the differences between the academic calendars, bandwidth limitations over
a 1MB/s cable modem, written English which was easier to understand than if it were
spoken for the Japanese and variations in preliminary knowledge (e.g. calculus). This
resulted in the different university students proceeding through the course at different
rates.
Worldwide Delivery of Engineering Bachelor and Master Degrees
Since the 1950s, the University of Florida has been through the full gamut of distance
learning technologies ranging from production quality tapes (only to industry sites in the
mid 70s), VHS tapes (mid 80s), DVDs (to the mid 90s) to online video delivery (from the
late 90s).102 There were seven engineering departments offering graduate certificates or
degrees with over 700 students registering (in 2010/11). Most students have already
completed a bachelor degree (82%) before enrolling in one of these courses.
An asynchronous course format is used. Operators video the instructors presenting the
course live to campus students and place this up on the Sakai LMS within an hour of the
class being completed. Remote students maintain the same schedule for assignments and
exams as for on-campus students. The operators are flexible in their high quality video
production ranging from an instructor using a chalk board to electronic whiteboard. In
addition, a discussion tool, grade book (for uploading, grading and return of graded
assignments) and online web conferencing tool (for online office hours) are used.
Flexibility is offered in courses being undertaken ranging from individual courses,
graduate certificates (three to five of graduate level courses) to a master’s degree
comprising 10 courses with in-depth study. Distance students can nominate an
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appropriate exam proctor, who is then screened under guidelines to prevent any
possibility of academic dishonesty.
Finally, no mention is made on any transcripts about the difference between distance
learning and on-campus residential students.
Probability and Statistics for Engineers and Scientists
The University of Virginia converted a Probability and Statistics course for Engineers
and Scientists from a traditional 32 (75-minute) face-to-face lecture format to a series of
30-minute modules grouped into units (such as data analysis and display and
correlation).103 In addition, each module had assignments, tests and quizzes at defined
periods with the underlying philosophy of self-directed but paced learning. Tablet PCs
were used as well as software packages such as Powerpoint and Camtasia with support
from One-Note, Minitab, Elluminate and CourseCast.
The online course was well received with only 21 now attending the classroom sessions
and the remainder of the 68 students undertaking it online. Apart from remediable
complaints about irritating audio interference from taps of the stylus on the screen and
shuffling of paper, most students indicated a preference for the online format.
There were the usual challenges with students having to motivate themselves to keep up
with a suggestion made by two that enforced appearances in the classroom twice a week
were a way to achieve this. Suggestions for improvements were easier access to
recordings (e.g. review offline) and inevitably, for online learning, requests for deadlines
to review lectures and assignment of homework. Students were also keen to find out how
their peers were faring in terms of workload and feedback.
The First ABET-accredited Distance Learning Degree
Commencing in 1989, the School of Engineering and Mines at the University of North
Dakota started delivering Bachelor of Science engineering degrees, initially to specific
companies such as 3M and then on an open subscription basis.104 The average age of
students is almost 35 years old with 97% in full-time employment (and 131 students in
the Fall of 2003). It is useful to note that the majority of students receive full
reimbursement from their firms once they achieve a C grade or better. This was the only
ABET accredited undergraduate engineering program (2003).
The initial approach of mailing out documents and videos of lectures to students has long
since been superseded by a centralized system of recording, processing and publishing to
the web. Each classroom has equipment to capture the instructor’s presentation.
Instructors wrote on a Wacom Cintiq tablet as they taught. This combined electronic pen
and LCD display (and employed software such as PowerPoint). The Mimio device
captured hand-generated notes on a standard whiteboard. An Elmo document camera is
also used. A video camera with zoom, pan and tilt capabilities is located in each
classroom to capture the instructor. The uploaded files were then streamed over the web
in a RealOne player format (with a ScreenWatch plug-in), thus allowing same day access
for students. Overall feedback from students was positive.

528

Building up Your own Engineering Degree Program with Minimal Risk
Surely the disappointing statistics of the estimated 83% of US colleges that do not offer
four-year engineering degrees are replicated to some extent around the world.105 As
discussed earlier, distance education can be the equal of traditional education–but there
are significant barriers to implementing a new undergraduate distance engineering
program and these include the cost of implementation and operation, overcoming faculty
resistance to accepting engineering distance learning, and accreditation.
In 2011, the University of North Dakota (UND) was the only US institution offering
ABET-accredited four-year engineering programs (chemical, civil, electrical and
mechanical) through distance learning. Benedictine College (BC) set up a successful
model with UND to add engineering programs through distance learning to their offering
combining a small liberal arts college with that of a large engineering university. This has
the additional advantage of producing engineering graduates with excellent
communication and interpersonal skills.
The University of North Dakota format provides online lectures available two hours after
the conclusion of the class lecture (on the Blackboard LMS), occasional
videoconferencing, email and phone support, as well as concentrated summer lab
experiences on-campus. The presentation slides from a lecture are created using tablet
monitors and for clarity, occupy most of the screen with good quality audio provided.
There were three phases proposed for setting up a low-risk engineering program on a
traditional liberal arts college. Phase One, the initial one, required UND to provide all the
engineering courses (including labs) together with a BC mathematics or science degree.
The second phase was to build on the growing engineering student numbers from phase 1
with the addition of lecturers and the provision of a general engineering degree (with a
pending application for ABET accreditation). The major expense in this phase was the
establishment of general on-site engineering labs. The third phase was for the institution
to provide its own ABET-accredited degrees, but to still use UND for any niche area
courses. A key part of the model is to ensure a high level of interaction with the younger
(perhaps less disciplined) students at BC through study groups, and regular reviews (at
least every semester) of progress with a UND faculty advisor over the telephone.
At UND, an engineering degree requires two residential summer lab sessions of two
weeks each to satisfy the accreditation requirements. The strategy for Benedictine
College is to achieve degrees from both institutions over five years.
Swedish Master’s of Engineering Degree
At Umeå University, a master’s degree in engineering was offered in dual mode (both
distance and face-to-face) from 2004 onwards to increase the small enrolments in the
face-to-face courses.106 The first three semesters comprised coursework and the last
semester was based around a thesis on a research project. Lectures to the classroombound students were also recorded and streamed out synchronously (via the internet).
Projects and assignments were submitted via the Learning Management System.
Examinations were taken at the student’s residence and sent to Sweden by mail for
grading. Over the period 2004 to 2008, the numbers for on-campus sessions went from 42
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to 34 but jumped for distance learning from 5 to 191. However, the course completion
rate for the distance students was under 50%.
An analysis of the comments from students and staff suggested that there were problems
that needed attention.
Most interaction was directed at the needs of distance learning students while these
students were unhappy with insufficient discussions during lectures and afterwards. In
addition, responses by lecturers to distance students’ emails were slow and inadequate.
However, lecturers felt that distance students were provided with considerably more
support in preparation for assignments and examinations; as compared to their on-campus
peers.
On-campus students had considerable face-to-face assistance and were irritated by the
mechanical reading of the PowerPoint slides rather than a higher level interactive
approach. Materials were presented at a low level akin to “spoon feeding” as opposed to
at a graduate level. Other challenges with the lectures were that they were too quick with
a fast rate of changing slides. Distance students did not want use of the whiteboard as
they could not view it remotely.
Examinations of five hours (a Swedish tradition) were considered too long by distance
students. However, they also had a poor record of keeping to deadlines in submitting
assignments on time. On-campus students were unenthused with the basic online quizzes
(marked by computer) believing that a more creative engineering approach should be
followed.
The overall program was considered strong on theoretical concepts but poor in focusing
on practical engineering issues. Practical hands-on labs were missing and even in an
online mode would have helped with the course.
Many students lacked study and communication skills exacerbated by undertaking a very
complex program (five courses running in parallel). Limited feedback was provided to
students on their progress (and success or otherwise). Lecturers had very little knowledge
of the circumstances and the needs of the distance students.
Distance students had difficulties handling the volume of course material (and as it was
eBook it was difficult to read it on the computer screen).
Overall, it would appear that it was very difficult to combine face-to-face and distance
learning environments.
Engineering Economics Course at the University of Missouri
An engineering economics course was converted at the University of Missouri from an
online format based around the Blackboard LMS. There were a number of key attributes
for the online version as against the classroom session.
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The (six) unit-based approach was transformed into a weekly topic-based approach with
15 main concepts. When students achieved 100% success in a reading quiz, the
assignment was released and on achievement of 100% here, the weekly test was released
(timed and available during a certain period with randomized questions from three
difficulty levels). Finally, each weekly module was released on the submission of the
weekly test (or at midnight Sunday). Demonstration of mastery was via a reading quiz
and an assignment. Most of the original text-based materials were converted to recordings
of presentations, web-based resources and graphical content.
All students were carefully monitored with timely responses by the instructor (at least
once per day). A weekly question and answer session provided asynchronous assistance
for students.
A final comment was for inexperienced instructors to seek a professional instructional
designer to ensure a better learning experience.
Civil Engineering Program
The American Society of Civil Engineers successful ExCEEd model for presenting
courses had the following core requirements:107
•
•

•

•

Structured organization for the course based on learning objectives, appropriate to
the subject matter and which is varied to appeal to different learning styles.
The presentation should be engaging with clearly written and verbal
communication encompassing a high degree of contact with students and using
physical models and demonstrations.
The instructor should show considerable enthusiasm, build up a positive rapport
with students and perform frequent assessment of student learning using
classroom assessment techniques supplemented by out-of-class homework and
projects. Technology should be used appropriately as a support (i.e. avoid
PowerPoint as a panacea for everything).
Throughout, the instructor should be a positive role model.

This was adapted from its successful face-to-face approach to a distance learning model
using video taped classes with somewhat disappointing results. Some lessons learned
included the following:
•
•
•
•

Notes need to be written on a whiteboard or tablet to keep the students focused.
Use of voice-over only is not as effective as video of the instructor.
Work hard on conveying passion and enthusiasm consistently in the recordings
(by standing and using active gestures).
Writing on a tablet is much more interactive than simply using PowerPoints.

Virtual Team-based Design Projects
The University of Wisconsin Colleges (comprising 13 two-year campuses) collaborated
with the University of Wisconsin-Platteville (UWP), when UWP offered the last two
years of the engineering degree online to each campus.108 This meant that students didn’t
531

need to move to Platteville for the last two years of the degree program. It should be
noted that the first two years are offered in a face-to-face mode at five campuses and via
synchronous Microsoft Live Meeting and a telephone system to the other campuses
during normal business hours. However, this needed to be changed to a proper
asynchronous online delivery methodology to capture those mature age students who
couldn’t attend during normal office hours. Hence most courses have been migrated to an
online approach for the entire engineering degree.
An example of the approach followed was illustrated with the engineering fundamentals
course with learning outcomes of providing skills in working in a team, solving
engineering problems, how an engineer applies technology to their work and working
with spreadsheets was developed for online delivery. It was presented both online (28
students) and to a face-to-face group (24 students).
Two team projects (mouse trap car and a wind farm) were worked on by both groups in
teams of about three to four students. The online group provided the project presentations
through Blackboard Collaborate. Two engineers were interviewed using a professional
camera crew and then the videos were viewed by both online and classroom students
(with 10% and 70% viewed by classroom and online students respectively). In future, this
activity will be changed from being optional and will be incorporated into the
assignments to increase the take-up by students.
The classroom instructor felt that it was difficult to complete the course in the time
available, whereas the online instructor in providing the notes and videos allowed the
students to work at their own pace in completing the course work. The online instructor
expended double the time (20 hours) on the course as compared to the traditional
classroom instructor. The use of the web conferencing tool, Blackboard Collaborate, was
considered to be critical for the virtual office hours and meetings. Intriguingly enough,
the online virtual teams appeared to function considerably better in quality and detail of
project analysis and presentations.
The results showed that online students did considerably better than the classroom
students and indicated that their experiences were similar. This doesn’t necessarily reflect
on the use of online technologies as the instructors indicated the online students were
perhaps considerably more focused.
Master’s Degree in Remote Engineering
Universities from Austria, Germany, Ireland, Romania and Slovenia developed a master’s
degree of Remote Engineering.109 Remote (or online) engineering is a growing field and
can be thought of the field of engineering as applied to remote control and telemetry
systems using information technology and data communications/telecommunications
systems to transfer the necessary data over a network (generally including the internet) to
achieve programming, design, installation, maintenance, measurement and control
outcomes.
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One of the master’s degree courses (Rapid Prototyping of Digital Systems) taught
students how to handle modern CAD tools, logic simulation and logic synthesis using
hardware description languages (such as VHDL), design hierarchy and FPGA
technology. The lectures were available from the Moodle LMS with support provided
through Skype and email. The lab work was conducted using a CPLD (Complex
Programmable Logic Device) prototyping board using design tools such as MAX+PLUS
II or QuartusII from Altera. The remote lab containing the board resided at the Carinthia
University of Applied Sciences in Austria and the MIT iLab Shared Architecture was
used to operate the online lab.
LabVIEW was used to deliver the lab to the remote students to undertake the necessary
programming and configuration work. The MAX PLUS II software was delivered to the
students via a Citrix Presentation Server.
A typical routine required the students to access the particular CPLD online Lab,
undertake the digital design using the MAX+PLUS II software, upload the configuration
to the CPLD board, access the user interface and run the experiment (using the Webcam
to confirm the operation of the device).
The feedback (from 25 students) indicated that almost 80% felt that the remote lab could
replace the local experiment and about 90% indicated that despite their remoteness from
the board, they felt in control. The greatest problem encountered was that users on
occasion couldn’t connect to the Citrix server for the remote labs (as the previous user
had not disconnected).
Blended Delivery of Engineering Economy Course
At the Missouri University of Science and Technology, an undergraduate hybrid
engineering economy course was created blending online and face-to-face delivery
methods commencing in 2011.110 The course resources (using the Blackboard LMS)
comprised:
•
•
•
•
•
•
•

Modules created in PowerPoint (and Camtasia to record live annotations on the
slides) and video (including example problem videos).
A WileyPLUS Principles of Engineering Economic Analysis digital text.
PowerPoint presentations with live annotations in class.
In-class problem solving with optional polling (using Poll Everywhere).
Tutoring assistance with skilled undergraduates in a computer lab.
Live chat and a discussion board.
Four in-class exams (determining 80% of grade) and weekly practice assignments
(from WileyPLUS with unique problem variables to minimize cheating).

A similar range of results from the examinations was achieved for both blended and onlyclassroom students with a high degree of enthusiasm for students for the hybrid approach.
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Strong Growth in Online Engineering Management Courses
According to research conducted at the University of North Carolina at Charlotte
(Systems Engineering and Engineering Management Program), there has been a strong
increase in enrollment for engineering management master’s degrees from 2,229 (2003)
to 4,625 (2006) in the USA.111 It was also found that the average enrollment in
universities using distance education is over 50% higher than for the traditional approach.
Strong growth was also observed for distance learning part time students.
Blackboard Vista was the most widely used LMS, followed by WebCT. All programs
used presentation slides with most using recorded presentations with both voice and
video (half of these recorded during actual class sessions and the other half recorded
lectures specifically for online students).
The Pitfalls of Distance Learning in Countries with Weak Infrastructure
The focus of the past discussions has been on making online learning effective for
engineering and technology education; however, it should be borne in mind that the need
for outstanding administrative support structures will make or break any program.112

Figure 16.1: Good Infrastructure is Important
An example of this is a well conceived $5m (AID) project to provide Australian business
degrees through distance learning to 200 students in Africa through the African Virtual
University (AVU). This, however, foundered due to a number of problems despite its
obvious immediate benefits, and demonstrated need, for students located remotely. The
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learning resources were provided through WebCT, CDROMs, hard copies, video taping,
computer labs and digital libraries at both AVU and Curtin. The major problems were
lack of administrative and financial capacity at the AVU, Curtin’s limited understanding
of the local requirements and poor communications between joint venture partners and
students. It is thus vital that these issues (esp. location and communications) are identified
in the early stages of the project as the ability to establish strategic working relationships
with overseas institutions is key to the long term competitiveness of Australian higher
education.
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Key Points and Applications
Chapter 16
The following are the key points and applications from this chapter entitled: Applications.
1. There is a vast range of applications possible with online learning. Typical
examples from a range of engineering fields such as electrical, electronics,
industrial automation, mechanical, manufacturing, chemical, process, IT,
computer, nuclear, civil and mining.
2. In 2007, Excelsior College were already offering 72 online courses to 4500
students using asynchronous web delivery with the WebCT LMS. The four key
elements of quality and effectiveness were considered to be access, student
learning, student satisfaction and instructor satisfaction.
3. A master degree in Remote Engineering at Ilmenau University of Technology had
one specific online course entitled Rapid Prototyping of Digital Systems. This
used the Moodle LMS to deliver the course with remote labs based around
LabVIEW and the iLab Shared architecture. About 80% of respondents believed
that the remote labs could replace localized ones.
4. Drexel University created a Master of Science in Engineering Technology that
focused on applied aspects of technology such as programmable devices, PLCs
and FPGAs. Each week’s lecture had an accompanying set of labs. Remote labs
were built around UltraVNC as it was considered easy to use. An onscreen digital
panel could be used to switch inputs on and off, identically to local students.
5. Podcasting was used in presenting a portion of an applied thermodynamics class.
Three 50-minute class meetings were replaced with podcasts and a tablet PC was
used for class presentation with all lectures captured. The students were not that
enthusiastic with missing classes and there was reduced motivation to use the
podcasts.
6. Learningtree, the large training provider in IT subjects developed a web
conferencing package called Anywhere. This allows for live streaming of lectures
to remote students who log in to a standard classroom session. In addition,
students have access to a computer in the classroom allowing them to undertake
the same exercises as the classroom-based students.
7. A MS in Ocean Engineering at Virginia Tech used a combination of Blackboard
LMS, Breeze for recording and Centra for both recording and live streaming. An
example of one course was that it comprised three weekly web classes of 30
minutes each which were used for presentations (e.g. Advanced Ship Structural
Analysis). Homework was given out with rigid deadlines. Quizzes were built into
each course; with open book-based mid-term and final exams.
8. The University of Kentucky used Camtasia Studio to record lectures for a course
on Mechanical Vibrations. Students at remote campuses were provided in advance
with PowerPoint slides (accessed via the LMS) with handwritten notes recorded
using a stylus on a Tablet PC. This approach was particularly useful for
demonstrating how to use complex software.
9. A remote lecturer (in New York City) presenting for Bethlehem University in the
West Bank dealt with its severe constraints with bandwidth by recording lectures
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in Camtasia Studio on a tablet PC and uploading to his personal web site. The
staff at Bethlehem University then uploaded to their site on off peak times.
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Chapter 17
Tying it All Together
“Education's purpose is to replace an empty mind with an open one.”
– Malcolm S. Forbes
Chapter Contents
17.1 Introduction
17.2 New Technologies and Their Impact
17.3 Massive Open Online Courses (MOOCs)
17.4 What Works Now for Online Learning
17.5 Risky Predictions
17.6 Conclusion
17.1 Introduction
In this chapter, we will tie together the strands from earlier discussions, look at some
recent events in online education and training in engineering and make some tentative
predictions of where we will be heading in the near future.
Initially, new technologies are examined, followed by a limited assessment of MOOCs.
What is shown to work for online education is then reviewed. The chapter is concluded
with a few tentative predictions for the future.
17.2

New Technologies and Their Impact

From Web 1.0 to Web 4.0
The suggestion is made that the evolution of the change in the web will have four
phases:1
•
•

•
•

Web 1.0 (2000): An information web, characterized by limited interactivity and
focusing mainly on reading content with millions of users.
Web 2.0 (2010): A social / collaborative web characterized by read-writecommunicate with billions of users and millions of authors with excellent
interactivity (blogs, wikis etc.).
Web 3.0 (2020): The semantic / mobile web where everything is in a common
interchangeable format so that machines can process the data.
Web 4.0 (2030): An intelligent / self-learning web which is customized to
individual users and serves as a personalized universal knowledge base.

The Great Leveler: Not Death this Time, but the Internet
As can be seen in the media and our earlier discussions, the internet is the great leveler.
Traditional bricks and mortar businesses ranging from bookshops, DVD libraries to
consumer apparel have found the past few years extraordinarily difficult with diminishing
sales and profitability. Surely one of the enjoyments in life is to browse bookstores in
locations as varied as Bismarck in North Dakota (Barnes and Noble) to London (Foyles).
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The same leveling impact will be seen eventually with universities and colleges, where
institutions offering high quality courses online will tend to dominate the market no
matter where they are. The casualties will be the traditional local college offering a
mediocre education. Naturally, these colleges will persist for longer than perhaps a
private corner side bookstore, as they enjoy government subsidies and patronage. But
eventually they will succumb. It should be noted that the high quality prestigious
universities in each region of the world are unlikely to be dramatically affected by this
change as prestige and status will probably sustain their model.
Higher Education will be Slow to Respond
A recent survey by the well-known Pew Research Center, indicated that 40% in the
survey group felt that universities would not necessarily be transformed by technology.2
The prestigious universities such as Harvard, Yale and MIT would continue with similar
processes for lecturing and examining as today. Mass-attended courses at public
universities would, however, be taking the online route.
There was widespread agreement that while life-long learning would be a standard form,
there was some doubt about whether people would want to attend for career or vocational
type training. Due to the widespread availability of content available on the internet (and
easily sourced through search tools such as Google), the emphasis would be on being a
learner, digital literacy and being able to collaborate more effectively.
The disturbing suggestion was that universities are unable to adjust to these changes as
they have a lucrative monopoly at present being able to charge increasingly amounts for
education without any significant barriers.
Games and Engineering and Scientific Education
As anyone who has observed a teenager playing a computer game knows, gaming has
that incredible power to motivate and is likely to have a significant impact in the future.
In an engineering context, games have similar features to problem solving activities such
as construction of the problem context, multiple paths to a specific goal, collaboration
with other players and an element of chance.3
Most computer gaming technology is still in the early stages of development for
educational applications. Brigham Young University has set up the Y Science
Laboratories. An example is a virtual chemistry lab, where thousands of test tubes
containing solutions were photographed. A simulated lab was then created where students
could mix chemicals and observe the resulting chemical reactions. Similarly, the physics
lab contains simulations of quantum physics, gas properties, calorimetry, mechanics,
optics and so on.
Stevens Institute of Technology set up a virtual lab environment that had three main
(game-based) components:
•

A virtual lab facility where students obtain lab instructions and allocate the tasks
to each other.
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•
•

A virtual lab that connects to a remote lab with real equipment.
A virtual lab that allows the students to simulate experimental procedures that go
well beyond that possible with standard physical hardware.

The students are thus able to repeat or extend their experiments as they need.
A post course survey indicated that these labs helped the students improve their
knowledge gained during lectures and the students were satisfied with this approach.
A few suggestions were provided on adding online games to remote labs to appeal more
to the current generation who are somewhat disinterested in science and engineering.4
Games should encourage the state of flow that is a state of complete pleasurable
involvement in an activity. Some features of successful games include challenge and risk;
another author suggested fantasy, curiosity, challenge and control.
Remote Engineering as a Career
A growing career is that of remote engineering where engineering professionals work in
teams monitoring, diagnosing, maintaining and repairing remotely distributed
equipment.5 Working with remote labs and use of web conferencing tools can assist in the
education of these personnel where there is an emphasis on working virtually, accessing
information from suppliers, customers and manufacturers and good customer
communications skills.

Figure 17.1: Remote Engineering
Remote Labs Help with Employment
It was pointed out that construction of the European Remote Radio Laboratory was to
provide access to expensive high technology radio communications equipment through
remote labs.6 This would thus help with the employment prospects of students because of
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their extensive experience in working with this equipment, something they would not
have gained at a (traditional cash-strapped) university.
The rapid growth in the telecommunications industry has brought a boom in opportunities
for jobs (for example, in rf specialists).7 However, the lack of specialized, expensive lab
equipment has made the provision of appropriate practical training in the specialist areas
hard to achieve (e.g. rf measurement devices). A survey conducted in Europe by Atilim
University suggested that there is a particularly acute shortage of high-end devices for
electrical engineering training against a need for more basic instrumentation at the
technical college end. Hence, this represents a great opportunity to apply online learning
together with remote labs for this high end equipment.
17.3

Massive Open Online Courses (MOOCs)

The Beginnings
MOOCs have been considered in an earlier chapter but there is considerable discussion at
present on their impact on (higher) education, and thus they will be examined further
here. Perhaps rather chaotic but an interesting application of networked learning, MOOCs
are a gathering of people willing to exchange knowledge and collaboratively study a
subject.8 They initially started out as web-based courses but are now also delivered
through mobile devices. The five most commonly used media tools are wikis, discussion
groups, microblogging (e.g. Twitter), social bookmarking and virtual classrooms (e.g.
Elluminate). The main benefits are ease of connection, minimal cost, flexibility of tools,
quick launch of a program and, most importantly, the fact that they are an informal
learning environment where you think about your own learning.
The disadvantages are that they appear to be chaotic, they require self-motivation, and
they require effort from participants to make them worthwhile. Learning quality and
content are still somewhat uncertain the time of writing (March 2014).
A well known MOOC was MobiMOOC, running over six weeks commencing in early
April 2011 with six facilitators presenting on topics ranging from “Introduction to
mLearning” to “Mlearning in K-12” settings. In summary, MOOCs can have a powerful
impact on your learning experience but do have a high drop out rate (for unaccredited
courses) and some peevish comments from participants about their free-wheeling nature.
Can we apply this model to engineering and scientific learning? Surely–but it is going to
be more likely for the highly motivated learner rather than someone who wants a
carefully structured and measurable environment.
Developments
In 2011 and 2012, there was a significant uptake in online course activity with very large
(mainly free) courses, often referred to as MOOCs.9 For example, Sebastian Thrun,
previously from Stanford University, launched Building a Search Engine, though
Udacity, a for-profit startup, which opened registration in January 23, 2012 with more
than 90,000 students registered. Many students have embraced this model as they are
taught by prestigious professors that offer them an opportunity to achieve sophisticated
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skills and high-paying jobs for free. Stanford University plans to open more than 13
courses (in 2012) ranging from Anatomy and Cryptography to Natural Language
Processing. While the course fees have been minimal, a possible model to monetize the
courses is to provide names to recruiters looking for a particular candidate.
Other universities moving into the market include the Massachusetts Institute of
Technology (MIT) and Harvard University (edX). The question obviously is what sort of
accreditation is provided for the programs that are provided by these venerable
institutions.
12 universities in the UK (Birmingham, Bristol, Cardiff, East Anglia, Exeter, King’s
College London, Lancaster, Leeds, Southampton, St Andrews and Warwick and the Open
University) have also banded together to launch FutureLearn offering free online courses
in competition to Coursera and edX.10
A key issue is to identify who actually takes these MOOCs and what motivates them.11
The suggestion from initial surveys at Coursera (for the Machine Learning course) is that
they are mainly professionals working in the industry (41%) and that 9% were
professionals working in non-software areas. Approximately 70% were either curious
about the topic or wanted to sharpen their skills and about 74% were resident outside the
USA. A small 20% wanted to position themselves for a better job. Similarly, Udacity
reported (rather obliquely for their Artificial Intelligence course) that over 75% wanted to
sharpen their skills for current or future employment.
Disappointingly, MOOCs are not necessarily about making education free to anyone in
the world who needs it.12 A recent survey from the university of Pennsylvania (who
contribute 20% of Coursera enrollment) has confirmed that 80% of those undertaking a
MOOC had already achieved a bachelor degree (and were young, well educated and
male).
Experiences with the other consortia, such as FutureLearn, echo these results of MOOCs
generally delivering learning for its own sake rather than up or reskilling young students
(the original target market).13 For the first six courses (with numbers of 10,000), 60%
actually visited the course when it started. Of these, 82% had a higher qualification and
11% were aged 25 or under.
Coursera recently announced that they had entered into an agreement with Antioch
University to provide several of the courses it had created with university partners for
credit as part of a bachelor degree program.14 Antioch believed that this would reduce the
overall cost of their degree program. Coursera would pay their university partners a fee of
between 6% and 15% of overall revenue for the courses. Antioch University would add
value by providing a study adviser to discuss the materials and to provide additional
resources to the students. The advantage is to provide a high–quality course from a top
university at a low cost, and for the university who developed the course to receive
payment (and presumably for their faculty members who did the upfront work).
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In September 2012, edX came to an agreement with Pearson VUE to provide a proctored
final exam at any Pearson test center in over 110 countries.15 This will provide additional
integrity in assessing student’s knowledge in a topic and considerably strengthen edX’s
offerings as equivalent to that from a traditional university.
The concern that MOOCs will quickly replace traditional universities was countered by
the comment that courses with tens of thousands of students, (star) instructors will not be
able to give personalized attention to each student using live synchronous interaction.16
However, it should be admitted that most online courses are still asynchronous providing
limited interactivity anyway.
Another possibility is that MOOCs may replace the traditional branch campuses many
universities have set up in different countries. The suggestion is that branch campuses in
faraway countries are often infrastructure-intensive with some degree of financial and
reputational risk and thus susceptible to competition from a competing MOOC solution.
However, it is likely that credit for MOOC courses will be given by different universities
using a prior learning assessment process. In order to accelerate this process, MOOC
courses would naturally need to be assessed using properly constructed examination
processes (similar to Cisco and Microsoft certifications).
In a recent report, Moodys suggests that MOOCs will help to improve the image of
online education.17 However, they predict that only institutions with the strongest brand
identities will experience a positive impact from MOOCs. Although, regional colleges
and universities may be able to outsource generic courses, they will lose market share. In
particular, for-profit online colleges will be seriously impacted by MOOCs. The only way
forward for these types of institutions is to quickly develop well-known brands on a
global basis to compete effectively or fail.
Many of the elite universities such as Oxford, Cambridge and Harvard are not
particularly worried about the potential competition.18 They will continue to attract the
top applicants and will continue to flourish. However, the picture is unlikely to be that
good for the average universities that have been providing mediocre lectures with high
fees. The challenge with MOOC courses at present is the lack of an accredited
qualification. This may be one of the reasons for the high drop out rate. Even the most
enthusiastic learner wants to know that her labors are rewarded with a widely recognized
qualification. The other challenge is the testing process that is still open to cheating and
plagiarism.
The weakness for students with the MOOC model are the high drop out rate (90% to
95%) perhaps driven by the pedagogical model and lack of a widely accepted
qualification. One remark is that the MOOC model is simply about videotaping lectures
and placing them online.19 Yet the key underlying challenge is grading the assignments
and tests and scaling this for the large numbers.20 At present, peer mentoring and peer
grading is being done but this wouldn’t be acceptable under a more rigorous academic
system. The software that is required to deal with this is machine-instruction with
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automated tests/assignments/quizzes/project work/learning analytics but these don’t exist
in a commercial sense.
It was suggested that MOOCs will not solve the problem of expensive education buy
lowering the cost and widening access of education.21 It is simply not possible to provide
a course to large numbers by relying only on good resources, peer support and
assessment. Education is about learning concepts and skills which are hard to gain
through normal interaction with the world but require personalized motivation, tuition
and interaction from individuals who are highly skilled. Hence, technology on its own is
not the panacea to the problem. It is unquestionable that there are a considerable number
of higher degree courses that follow the one-way lecture model with very little academic
support and proper formative feedback. But highly interactive outstanding practitioners
(whether working through an online or face-to-face medium) are a key part of all
education endeavours and these represent a cost which someone has to bear.
The challenge for the organizations creating MOOCs is to make the model work and thus
justify their investments. Some suggestions for the way forward here include charging for
the graduation certificate (e.g. Udacity charges $89 for an examination process run by
Pearson VUE). The second model is to charge would-be employers a fee for locating
outstanding job candidates from the deluge of graduates. The third option is to license the
materials to universities where they provide a mix of MOOC-based materials and their
own tutorial and examination processes.
The American Council on Education announced in February 2013 that they were going to
recognize five Coursera offerings.22 This meant that all the students would need to do is
to pay a small fee to take an identity-verified proctored exam and obtain a transcript that
would be acceptable for one of 2,000 colleges.
A prediction is that universities will increasingly combine their offering with an online
shared model with other institutions and MOOCs.
17.4 What Works Now for Online Learning
If you're like us, after reading this book you're probably wondering about a quick recipe
for the best approach to putting together an outstanding online program for engineers,
technologists, technicians and scientists would consist of. Believe me, we have spent
years pondering this very real question and there is inevitably no perfect solution. In
essence, we would suggest a blended approach:
•
•

•

The student is provided with weekly reading materials and a recorded video of a
lecture (preferably broken down into 10-minute chunks).
The student then has to work through a preparatory online quiz that counts
towards the final grade with a short window in which to undertake it. Optionally,
allow for two attempts and the best grade would count towards the final grade.
There are rigid but regular deadlines for submission of assignment or homework
(e.g. midnight on Sunday night).
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•
•

•

There is also an asynchronous text chat session with questions from the instructor
that have to be discussed and answered by the class.
Simulations (such as tuning a PID loop) and remote labs are built into the weekly
course to make the course more practical “hands-on” and context specific to
engineering with lab sessions that are so stimulating that they create “flow” for
the student. The labs should include a low-cost electronics kit and data acquisition
board that can be connected to the student’s PC that provides a set of virtual
instruments.
Regular weekly synchronous web and videoconference sessions that are highly
interactive, stimulating and focus on the core elements of the course forming a
genuine tutorial (and do not use too many PowerPoint slides but more the
“traditional whiteboard”).

It is vital that the student builds up a habit of when she studies in a preferred working
place. It is important that the instructor responds quickly to any requests for information
from the student. Overall, it is vital that the instructor is outstanding–probably, as has
been discussed earlier, even more interactive and able than in the equivalent classroom
session.
17.5 Risky Predictions
Making predictions of the future for online education and training is a risky and
hazardous business. However, based on the discussions in this book and current activities
evidenced in the world today, one can make a few shrewd guesses. Naturally, one has to
avoid taking in too much anecdotal commentary, as this is often fatally flawed, subjective
personal opinion (and indeed, disconnected from reality). With the plethora of
developments in education and training, we are really interested in engineering,
technology and the sciences in this discussion.
Safe Predictions
Online education and training is growing fast; even students at residential universities are
demanding and accessing traditional lectures through online means away from the
physical university campus. This will accelerate and increasingly be driven by the rapid
technological change occurring in industry.
Initial observations regarding the way online learning is developing in the future would
be the obvious ones of increased numbers of participants, decreases in costs, improved
quality and more learner-centric and collaborative with one’s peers (with the instructor
more of a mentor, and operating as a “guide on the side”).23
Naturally, mobile online learning would grow with the increased use of sophisticated
mobile phones and wireless broadband (e.g. 3G and 4G); there would be more extensive
visualization (e.g. 3D) and real world experiences with hands-on activities becoming
standard. Finally, there will be greater commercialization of education and closer
relationships between traditional universities, colleges and schools and business.
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Riskier Predictions
A number of predictions or observations about the future can be made (with an inevitable
degree of uncertainty):24, 25, 26
•

•

•

•

•

•

•

•

•

With the increasing availability of knowledge on the internet and increasing
“massification” of education, the workforce is increasingly educated and “savvy”
about what they require. A traditional college and university education will have
to offer considerably more than mere content (contained in a lecture and
assignment model). Informal learning will increasingly be a recognized part of the
learning process. This will mean institutions who do not provide value will suffer.
Companies will be increasingly knowledge-based learning organizations
(especially in the Western world). There will an increasing emphasis on people as
a company’s most important asset with improved systems to automate recording
of an employee’s skills and knowledge.
The skills and knowledge (talent) that companies require from employees (based
on science, technology, engineering and mathematics) will be increasingly in
short supply, perhaps due to schools under-delivering in these areas.
The consistently increasingly annual increase in student fees in higher education
will stall as private providers (and free providers) increasingly optimize the webbased alternatives to make them workable. Many smaller universities and colleges
will either have to specialize in niche areas or fail. Private providers will also find
competition increasingly more challenging.
Many so-called second choice countries for education such as in Asia (e.g. China,
India and Singapore) will compete with the USA/UK and Australia in attracting
international students in engineering and in providing an extraordinarily high
quality education.
Traditional corporate training in classrooms is a dying beast. Organizational
training departments will continue to contract; as companies increasingly
outsource this work or purchase training from outside the organization.
Companies are not prepared to spend large amounts on training their workforce
due to other financial pressures. Restructuring in the corporate environment is
changing the duration of jobs and companies will increasingly insist on new
employees being immediately job-ready for work.
The training department will increasingly focus on the outputs of training in terms
of performance improvement rather than training for training’s sake. Systems for
measurement of using training to produce measurable results will be increasingly
used.
Governments, being cash strapped, are increasingly looking for cheaper
alternatives in education and training and opening up the market to private
providers. These will thus increasingly compete with public universities, colleges
and training providers.
As private providers increasingly provide education, being profit-driven, there
will be ongoing major (perhaps) problems with quality of delivery and
government regulatory authorities will find this challenging (and expensive) to
police and eventually the “accreditation genie will escape the bottle” with global
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•

•

•

•

•

•

•

17.6

high quality reasonably priced institutions providing their own employer approved
forms of accreditation.
There are problems and concerns with delivering engineering education and
training through online means with a blended approach currently the only
acceptable form. However, as jobs become increasingly virtual (with the
computer as the intermediary), online engineering degrees will become acceptable
and highly regarded. They will be provided by global institutions that will
increasingly provide their own forms of accreditation.
Education and training will increasingly become an international business with
students from different countries and university individual course qualifications
from other countries’ institutions being accepted by universities.
Remote labs will continue to struggle to gain traction due to the problems alluded
to earlier. However, the requirement for practical experiential type labs will be a
combination of simulations (or virtual labs), remote labs, mobile experimenter
kits, work-based labs and on occasion visits to an on-campus lab for access to
more sophisticated equipment and face-to-face contact between students and
instructors.
There will be an increasing divide between prestigious institutions offering
theoretical engineering education and others (mainly private providers) focusing
increasingly on what industry wants.
The split between vocational and higher education will disappear with a seamless
path from post school (or vocational trade school) to engineering degree. This will
be accelerated by the easy access to online education and training.
Free courses such as MOOCs (mainly theoretical ones such as maths and physics)
will be increasingly offered on the internet and will be indistinguishable from
highly priced university qualifications. A small fee will be charged for
certification of knowledge (perhaps using proctoring software at the student’s
home). The challenge with free courses in motivating students to study and
complete them will be dealt with by live video/web conferencing tutorial sessions
conducted by experienced tutors (perhaps sourced from the local university).
The traditional model of online learning is being replaced by shorter chunks of
material of a few minutes. Freely available tools from companies such as
YouTube, Google, LinkedIn and Facebook are becoming an intrinsic part of the
learning process. The widely available video ranging from your mobile, tablet or
computer is rapidly becoming the key element in learning and is replacing Flash.
There is a slow movement to HTML5. Mobile Learning is slowly taking a strong
position. The use of Social Networking (Facebook and LinkedIn) is of some
interest in engineering education but it is hard to predict the impact.
Conclusion

An old Confucian curse remarked: May you live in interesting times! This is undoubtedly
a time of online education in the engineering, technology and scientific areas, with rapid
change in learning technologies. However, as we hope to have shown in this book, there
are enormous opportunities opening up to improve the quality of education and training,
which we hope you will harness in your work.
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However, at the end of the day, one has to always bear in mind that no matter how
sophisticated the technology employed, we have to remember that outstanding teaching is
as critical in the learning process as before online technology arrived.
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Key Points and Applications
Chapter 17
The following are the key points and applications from this chapter entitled: Tying it all
Together.
1. Massive Open Online Courses (MOOCs) are rapidly growing with millions of
students attending free online courses.
2. Some of the larger MOOCs include: Udacity (for profit), Coursera (for profit),
EdX, FutureLearn (UK-based)
3. There is a high drop out rate from MOOCs (90% to 95%) but this may not be a
problem.
4. Fairly safe predictions for the future of online learning include:
• Increased participants.
• Decreased costs.
• Improved quality.
• Move towards learner-centricity.
• Increase of mobile online learning.
• Greater commercialisation of education.
5. Less certain predictions include:
• Online education will continue to grow strongly–even for residential
universities
• Students will increasingly demand value from institutions in their
education.
• Companies will be increasingly knowledge-based and be looking for
extraordinary levels of talent.
• Science, technology, engineering and mathematics graduates will be in
short supply.
• Universities and colleges will be unable to demand increasing levels of
fees.
• Asia will be increasingly popular and compete vigorously with Western
institutions for students.
• Traditional corporate training funded by companies will decrease;
employees must be job-ready to retain or gain a job.
• Governments will increasingly look for cheaper alternatives to traditional
education and training and look to private providers to fill this gap.
• Education regulation will be increasingly challenging in maintaining
standards with private (and to a lesser extent) government providers.
• Education and training will be increasingly internationalized.
• Remote and virtual labs will be increasingly embraced.
• MOOCs will enjoy acceptance by universities and colleges.
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Appendix A
Self-Appraisal for Distance Learning Preferences A
How well would distance learning courses fit your circumstances and lifestyle? Circle an
answer for each question and score as directed below. Students who tend to be most
successful are those individuals who are self-directed and self-motivated in their learning
and study habits. Answer honestly–no one will see this but you!
(This questionnaire is adapted from “Are Telecourses for me?” from PBS-Adult Learning
Service, The Agenda, Spring 1994 and modified for the more modern web conferencingbased distance learning)
1.

My need to take this course now is:
a) High–I need it immediately for a specific goal
b) Moderate–I could take it on campus later or substitute another course
c) Low–It could be postponed.

2.

Feeling that I am part of a class is:
a) Not particularly necessary to me
b) Somewhat important to me
c) Very important to me.

3.

I would classify myself as someone who:
a) Often gets things done ahead of time.
b) Needs reminding to get things done on time.
c) Puts things off until the last minute or doesn’t complete them.

4.

Classroom discussion is:
a) Rarely helpful to me.
b) Sometimes helpful to me.
c) Almost always helpful to me.

5.

When an instructor hands out directions for an assignment, I prefer:
a) Figuring out the instructions myself.
b) Trying to follow the directions on my own, then asking for help as needed.
c) Having the instructions explained to me.

6.

I need instructor comments on my assignments:
a) Within a few weeks, so I can review what I did.
b) Within a few days, or I forget what I did.
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c) Right away, or I get very frustrated.
7.

Considering my professional and personal schedule, the amount of time I have to
work on a distance learning course is:
a) More than enough for an on-campus course.
b) The same as for a class held on campus.
c) Less than for a class held on campus.

8.

Coming to campus on a regular schedule is:
a) Extremely difficult for me–I have commitments (work, family or personal) during
times when classes are offered.
b) A little difficult, but I can rearrange my priorities to allow for regular attendance
on campus.
c) Easy for me.

9.

As a reader, I would classify myself as:
a) Good–I usually understand the text without help.
b) Average–I sometimes need help to understand the text.
c) Slower than average.

10.

When I need help understanding the subject:
a) I am comfortable approaching an instructor to ask for clarification.
b) I am uncomfortable approaching an instructor, but do it anyway.
c) I never approach an instructor to admit I don’t understand something.

Scoring
Add 3 points for each “a” that you circled, 2 points for each “b” and 1 for each “c”. If you
scored 20 or more, a distance learning course is a real possibility for you. If you scored
between 11 and 20, distance learning courses may work for you, but you will need to
make a few adjustments in your schedule and study habits to succeed. If you scored 10 or
less, distance learning currently may not be the best alternative for you; talk to your
counselor.
Supplementary Note
There were some suggestions about typical limiting factors in being successful with
distance learning. These included:
•
•
•
•

A compelling reason to undertake a course helps keep the student on the course.
Some students simply don’t like the independence of distance learning.
The greater freedom in scheduling one’s work and time means that considerably
more self-discipline is required.
Distance learning can limit the amount of interaction and some students like this.
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•
•
•
•
•
•

Distance learning requires more attention to working from written directions.
Comments can take time to come back from instructors–sometimes up to three
weeks.
Distance learning is not a short cut but can require considerably more effort to
succeed in.
Because of their myriad of commitments, distance learners find it difficult to
come to campus.
Print materials can be the primary source of direction.
Distance learning students generally find it quite easy to contact the instructor as
soon as they need help.
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Appendix B
A Typical Learning Management SystemB
During a typical online course, you will be required to access a Learning Management
System (or LMS) such as Moodle. This allows you to access your webinar details,
learning materials, receive and submit assignments and interact with fellow students.
All students are issued with a unique username and password. Only you, the course
instructor and course coordinator will be able to access your details and grades.
The main form of interaction between the student, the course materials, instructors,
coordinators and other students is done through the LMS as opposed to the more
confusing and unwieldy use of email.
A few basic interactions with an LMS are shown below. This is based around the
Engineering Institute of Technology’s use of Moodle.
Logging into Moodle and access course information
Go to eit.edu.au/moodle/

554

Click on “Login” (top right hand corner).

Enter your Username and Password as indicated.
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On the home page, click on your Course Category, e.g. Electrical.
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Locate your Course Name and Course Code
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You have access to the “Introduce Yourself” Forum to introduce yourself to the group.
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Each of the numbered sections under “Module Outline” refers to each individual module
in a course (total number will vary between courses). This is where you can download
your reading materials, access your webinar schedules, assignments and additional
information.
Within each module, the study materials will become available as one progresses through
the course. To access the materials, simply click on the relevant link.
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Interacting with other students
There are many ways to contact/interact with other students in a course. If one selects the
“Participants” link (circled below), a list of all participants in a given course will be
provided.
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Participants can send students messages, see their details or see when they last accessed
the Moodle site by clicking on their name in the list that appears as per below.
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Students can also create their own blog. Click on the Blog tab indicated by the red arrow
above. Blogs created by any other students will be listed here. Click on “Add a new entry
(below)” to create a blog. Typically, one can upload files up to 2MB (although this limit
can be changed by the administrator).
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Editing your Profile
A course coordinator will only add a student’s name and country details to their profile.
Due to privacy rules, the college is not permitted to share student’s email address and
contact details with other students without specific permission. Students can thus edit
their details, add information to a personal profile or share contact details with other
students by clicking on the “Profile” link below. Passwords can also be changed but be
wary of doing this without recording it somewhere safe.
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Appendix C
A Typical Web Conferencing PackageC
This section gives a brief discussion of a typical web (and video) conferencing package
available called Electromeet. As web conferencing is a fairly mature market, most of the
features should be common across a range of packages. The main reason that Electromeet
is used is because of its video capabilities, remote labs and ability to run proctoring
(remote testing) sessions.
Electromeet has many communication channels that can be used for the purpose of
conferencing. These include text, talk, video, whiteboard, desktop sharing, YouTube
video sharing and recordings. All elements can be used in conjunction with each other to
create an effective conferencing session. Conventional online communication channels
such as text, audio and video are used alongside the whiteboard, desktop sharing,
YouTube video sharing and recordings to enhance the conferencing experience.
The whiteboard is a useful tool that allows a presenter to upload a document such as a
PowerPoint, PDF and Word document. The whiteboard also has drawing features that
will allow a presenter to annotate their presentation documents. The whiteboard features
when used alongside video, audio and text act as a virtual classroom for all remote
participants.
Desktop sharing is a useful tool for allowing all participants to see the desktop of the
sharer’s computer. This is particularly useful when a presenter wants to demonstrate a
software package relevant to the presentation topic. In addition, the desktop sharing
feature allows participants to gain control of the presenter’s computer (once provided
with access rights). This is a powerful tool giving participants a hands-on experience
rather than having them merely passively watching a demonstration.
The YouTube video sharing feature allows presenters to share YouTube videos with
everyone participating. This will mean that the student doesn’t have to sit and listen to
someone present only uploaded documents to the whiteboard, but can also watch some
relevant videos.
All sessions can be recorded. This allows for a session to be recorded and watched again
in the future, or provide participants who are absent from a presentation to catch up later.
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Overview of Electromeet

Figure 1: Electromeet Overview
To communicate with other users and the instructor, the student uses the talk and texting
feature.
•

•
•

The talk feature simply works by clicking on the “push to talk” button. If the
button turns yellow it means that someone is already talking and you have entered
the queue to talk. Once the button talks green, it is your turn to talk.
To send a text message, simply type in the text box and next to the “Send” button.
Click on the “Send” message to send your text.
There is also a text feature to send texts to specific users. Below the typing box is
a tab with the options to select whom you would like to talk to.
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Figure 1: Texting
There are also other ways in which you can communicate with the instructor:
By clicking on the smiley face you can convey your current emotions on the teaching
topics.

Figure 2: Sending Smileys
You can also raise your hand by clicking on the hand icon. When you do the instructor
will be told that a hand has been raised and can assist with queries.
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Setting up Audio
To ensure that the audio is configured properly, run through the following set up
procedure.
1.
2.
3.
4.
5.

Click on the “Audio” tab found at the bottom left of the Electromeet window.
Deselect the “Enable audio” check box.
Switch to the proper audio device.
Select the “Enable audio” check box.
When the proper audio device is selected, the volume indicator should show the
intensity of the audio captured.

Figure 3: Audio Configuration
Using / Viewing the Whiteboard
The whiteboard is a convenient and easy way for instructors to communicate. The
whiteboard has the ability to upload documents that have been previously created
(PowerPoint, PDF, etc.). The top left of the whiteboard contains all of the drawing
features, allowing the presenter to draw over any of the uploaded documents to
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communicate more effectively what they are presenting. They can also conduct their
presentation by simply drawing on blank slides with all of the available drawing features.

Figure 5: Whiteboard
The whiteboard feature is typically used by only the instructor. However, instructors can
provide students with the use of the whiteboard. If that is the case, participants will be
granted drawing permissions.
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Figure 6: Whiteboard Features
If this is the case, students can use the pointer, pen, line, circle and square drawing tools,
highlighter, text box, eraser, zoom, create question, web tour, formula and pointer
features associated with the whiteboard.
The pointer, pen, line, circle, square and highlighter tools are simple drawing features.
The textbox allows you to place test on the slides.
The eraser allows to erase all of you drawings. If a mistake is made, you need to use the
pointer feature, select what you want to delete and press “delete” on your keyboard.
The zoom features allow you to zoom in and out of the slides.
The question feature allows tour to create multiple choice questions.
The web tour allows you to access the internet and show everyone what you are accessing
online. Every time you access another site you must highlight the website URL and press
enter to refresh the web tour for everyone.
The formula feature allows you to write a simple mathematical formula using text or
import a more complicated formula from mathematical formula writing software.
The pointer feature allows you display a pointer on everyone’s screen to assist with
communication.
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The whiteboard features can be used to enhance the slides uploaded onto the whiteboard.
The below figure shows an uploaded PowerPoint with selected whiteboard features used
to draw over the uploaded slide.

Figure 4: Whiteboard Features Example
Streaming a Video
To access the video streaming feature simply click on the video icon that is highlighted in
the figure below.

Figure 5: Video Streaming Icon
Once the feature has been opened, a Multi Video window will open. This window allows
you to configure you videos you wish to stream. The configuration of a video stream is
very simple. All that is required is a webcam, frame rate and video size be selected. The
default fame rate is already set up to deliver good video quality, so a frame may not need
to be selected. To select a video device, you simply need to click on the video device
drop down box. This drop down box allows you to see all video devices running from
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your computer. Once a video device is selected, the picture size needs to be selected.
Simply click on “Big” or “Small” to select video size. Once the video device
configuration is completed click on the “OK” button. The configuration of a video device
can be seen in the figure below.

Figure 6: Enabling Video Streaming
After the video device has been configured, simply click on “Transmit” to stream the
device. If the camera has been successfully configured for streaming, the video will
appear above the transmit button. An example of a successful configuration can be seen
in the figure below.
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Figure 7: Video Streaming
Watching a Video
Instructors will sometimes want to demonstrate examples physically and will require the
video streaming or webcam feature. To view anyone’s webcam, simply right click on his
or her name, select watch video then select the desired webcam. This can be seen below.

Figure 8: Viewing a Streaming Video
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Once the video has been selected, it will display on the right hand side of Electromeet.
This is a convenient display since it allows the instructor to operate video and whiteboard
simultaneously. There is a capability for two webcams to stream simultaneously.

Figure 12: Enabled Video Viewing
However, depending on screen size, the webcam display won’t show all videos on the
side of the page. To allow all the video to be seen, the Multi Video Viewer tab can be
clicked and dragged to manipulate it to your liking.
It can be dragged to overlap the whiteboard or be dragged to fit into the features tab at the
top of the Electromeet page.
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Figure 9: Video Viewing Manipulation I

Figure 10: Video Viewing Manipulation II
Desktop Sharing

Figure 11: Desktop Sharing Icon
The figure below shows the desktop sharing feature once it has been opened.

Figure 12: Desktop Sharing
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To share your desktop with participants, you must click on the desired names and click
on the arrow to move them into the “Users to share viewing” side. If you want to share
the desktop with all participants you can simply select the double arrow. The arrows are
located between the “Connected users” and “Users to view sharing” sides. An example of
enabling desktop sharing can be seen in the figure below.

Figure 13: Enabling Sharing
Once sharing has been enables, the selected participants will be able to see the streamers
desktop activities. An example of enabled desktop sharing can be seen in the figure
below.

Figure 14: Enabled Desktop Sharing
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To pass control onto another user, click on the drop down icon as seen in the figure
below. This will allow you to give a selected participant control of your desktop. Once
they have control, they will be able to control the mouse icon on the instructors screen
with their own mouse. They also gain typing privileges and can type on the instructor’s
computer.

Figure 15: Passing of Control
Recording a Conferencing Session
A session can be recorded and viewed at a later date. The recording icon can be seen in
the below figure.

Figure 16: Recording Icon
To start a recording session you simply click on the recording icon as indicated in the
figure below.

Figure 17: Enabling Fast Recording
You can stop the recording at any time by selecting the stop icon displayed in the figure
below.

Figure 18: Recording Window
YouTube Video Sharing
YouTube sharing allows you to share YouTube videos with everyone participating. The
location of the YouTube icon can be seen in the figure below.
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Figure 19: YouTube Icon
Once the YouTube icon has been selected, the feature will enable. The YouTube feature
can be seen in the Figure below. At the top left of the YouTube feature is a log in. You
simply enter you YouTube username and password to access your YouTube account.
Once logged in you can select the YouTube videos associated with your YouTube
account to show to participants.

Figure 20: YouTube Feature
One you have logged into a YouTube account, the videos that are able to stream will be
displayed in a list as seen in the figure below.
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Figure 21: YouTube Account
Once a video has been selected, it can be streamed to other participants. This is simply
done by clicking on “Send to users” which is highlighted in red in the figure below. Once
the video is being send to users, the user can then click on “Play” to start streaming the
video, this is shown in the figure below in the green.

Figure 22: Sharing a YouTube Video
Once a video has successfully started streaming the YouTube Player window will appear.
It will begin to display the YouTube video as seen in the figure below.
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Figure 23: YouTube Video Sharing Enabled
The video size can be adjusted by clicking and dragging the bottom left of the video. An
example of an increased video size can be seen in the figure below.

Figure 24: Video Sharing Screen Size Adjustment
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Putting it all Together
Once all the features described above have been properly enabled, you can hold a
successful conferencing session. Examples are provided in the two figures below. The
figures below are set up to highlight the text, audio, whiteboard, multi-video and video
viewing working simultaneously. Having these features run simultaneously allows for a
more successful and interactive conference to be held. The talk, text and video features
running in conjunction with the whiteboard creates interactivity amongst an online
learning environment.

Figure 25: Talk, Text, Multi-video and Video Viewing

Figure 26: Talk, Text, Whiteboard and Video Viewing.
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Appendix D
A Typical Remote Labs Software PackageD
What are Remote Labs?
Remote laboratories are a feature allowing students to access laboratory equipment and
exercises situated at remote locations. By accessing a remote lab, a student can operate a
laboratory over the internet. In doing so, they are provided with control of the remote
laboratory computer that controls the laboratory. Remote laboratories offer students an
opportunity to conduct a laboratory session in circumstances where they cannot attend a
physical laboratory. The figure below shows how the remote laboratories function.

Figure 27: Remote Laboratories Block Diagram
How to use Remote Labs
Accessing the remote laboratory feature is done by simply clicking on the remote
laboratory icon in the Electromeet program. The proctoring icon is located at the top left
of the program and the icon looks like a stop watch. The location of the remote laboratory
icon can be seen in the figure below.

Figure 28: Locating the Remote Labs Icon
Once the remote laboratory feature has been successfully accessed, the feature should
appear as seen in the figure below. The figure below shows all the available remote
laboratory session and all the remote laboratory features. The remote lab feature is
extremely easy to use. The desired remote laboratory is accessed by simple clicking on
the appropriate lab name. The required laboratory feature is also accessed by simply
clicking on the desired feature. The features of the remote laboratories are view lab
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document, view remote computer, control remote computer, view lab cameras and lab file
explorer.

Figure 29: The Remote Labs Feature
The lab file features are indicated in the figure below and match the following
descriptions (with numbering):
1. View Lab Document. This feature allows students to view any documentation
necessary to complete the lab.
2. View Remote Computer. This feature allows students to view a lab that is
currently being conducted. They have no control over the lab; they will just
watch.
3. Control Remote Computer. This feature allows students to conduct the
laboratory. If someone is already running a lab, students trying to gain access will
join the queue. There are time limitations on the laboratories, so students will
never be forced to wait for extremely long periods of time.
4. View Lab Cameras. This feature allows students to view the webcams that are
steaming the videos of the laboratory equipment that will be using.
5. Lab File Explorer. This feature allows students to access any online files
relevant to the lab.
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Figure 30: The Remote Lab Features
The most useful aspect of the Remote Labs is the ability to control the laboratory
equipment and have live video streaming the laboratory to the student’s laptop computer.
To access the lab and watch the lab cameras simultaneously, both the control remote
computer and view lab camera features must be enabled. The figure below demonstrates
how to access the remote computer. This is simply done by clicking on the desired lab
name and clicking on the control remote computer icon. Once successfully done, a VNC
Authentication popup will appear. This requires a password that is unique to each
laboratory. In order to access the required laboratory, the student must enter the password
that will be provided to them.

Figure 31: Accessing the Remote Labs
Once the correct password is entered, control to the remote computer will be granted. The
remote computer desktop can be seen in the figure below. If another student is already
controlling the remote laboratory computer, the student trying to gain access will join the
queue. Whilst a student waits to gain remote laboratory access, they can watch the other
student undertake the laboratory practical by pressing on the view remote compute icon.
This grants the student viewing privileges–not control privileges. The view remote
computer feature will look identical to the figure below. It will just display the remote
laboratory computer desktop to the student viewer.
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Figure 32: Remote Laboratory Desktop Control
You can access the remote laboratory cameras by clicking on the “View lab cameras”
icon. This will enable the Remote Lab Video window. Once “inside” the lab, you can
enable the desired remote laboratory cameras. An example of enabled laboratory cameras
can be observed below. To enable the desired laboratory cameras, you simply click on the
cameras required and click the icon with the arrows facing to the right. Once the cameras
are activated, they will display as seen in the figure below.

Figure 33: Remote Laboratory Cameras
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Configuring a Remote Laboratory Session
Introduction
This short note is to illustrate how to install and to set up a remote laboratory session
using Electromeet for remote students to access. A remote laboratory session will allow
others to access a remote lab.
The first part regards installing the VNC software. This is the software which will allow
people control of the computer remotely. The second section provides instructions and
information regarding the remote lab software installation and set up. This will ensure
that the remote lab setting can be configured to suit the laboratory that will be run
(correct ports, lab title, lab duration, audio settings and video settings). Subsequent
sections show you how to choose whether the laboratory operations will be an application
or service, how to change laboratory configurations if any settings need to be altered, and
how to set up your firewall to allow Electromeet to operate successfully.
Installing VNC
In order to establish a remote laboratory session you must install the Remote Lab
software in conjunction with an installed VNC server.
Firstly, a VNC server should be installed. This can be installed by accessing uvnc.com/ .

Installing Remote Lab Software
Once the VNC server is installed to be able to use the remote lab, you must have the
installation package of the Electromeet remote lab software. The remote lab software can
we strongly recommend is version 1.0.9.6.1. This version can be obtained from the
following link.
uvnc.com/downloads/ultravnc/95-downlaod-10961.html
After installing the VNC package, run the configuration of the Remote Lab Service
(which can be downloaded from the Electromeet site).
The main panel contains list of available configurations or remote laboratory session.
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Figure 34: Remote Lab Service Introduction
When you start it for the first time, the list will be empty. This is because no
configurations or remote lab session have been configured.
The fastest and easiest way to configure it for the first time will be to run the wizard. This
is simply done by clicking on the “Start Wizard” icon.
Step 1

Figure 35: Step 1
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The first dialog of the wizard contains the most basic information for the remote
laboratory configurations.
Host name. This is the name of the log in server to which the lab service will advertise
itself.
Session name. This is the name that the session will have in the configuration list. It is
also the name of the session after the registration is complete.
Listen port. This is the port used by the lab server, to listen for incoming connections.
Step 2
This step contains the title of the laboratory sessions.
The title of application. This is the name given to the laboratory session.
Length of the lab in minutes. This allows for control and limitations to be placed on
how long students will be able to work in the lab. Students can only access a remote
laboratory one at a time. Once the time, which has been defined in the “Length of the lab
in minutes” box expires, students will be logged out from the Remote Laboratory session.
Immediately after the student has been logged out from the laboratory session, the next
student in line will be allowed to access the remote labs.

Figure 36: Step 2
Website of the lab details. This references students to a website. This website will
contain additional information about the laboratory session the students will be
undertaking.
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Select lab documentation. This feature gives you the opportunity to add a document
containing a description of the lab. These documents will provide full information
regarding the laboratories. The information will include purpose, procedure and any extra
information required by the students. The additional information may include further
instructions on gaining access to the remote laboratory sessions. The documentations
should include all necessary information required by the students.
Step 3
The third step of the wizard allows you to select webcams, through which the students
will be able to observe the results of their actions in the remote lab. This feature of the
remote labs is critical as it adds an element of realism. It separates a remote lab session
from a virtual simulation since it provides real observable behavior.

Figure 37: Step 3
You can select some, or all, of the available cameras, and also select the size of the
cameras. The size of the image display has only two options; big or small.
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Step 4

Figure 38: Step 4
The 4th step will let you select folders that you will share with the students. This allows
students to download or upload files at the lab server.
The transfer port is the port number through which files will be transferred. This port
number will allow you to exchange files with the lab server.
Remote Lab Service
After you have configured some labs, you can change the way it will run. The lab can run
as either an application or a service.
After saving the configuration, you will be able to use one of the labs by selecting it in
the lab list. The name you gave the remote lab session in the configuration will display in
the list. After selecting the lab, you can choose whether you want to run the remote lab as
either application more or service mode.
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Figure 39: Selecting a Lab for Use
Selecting application mode allows you to will be able to start or stop the lab running it
like an application.
Selecting “Service” mode allows you to run the session in the background of the
computer, referencing to the log in server and making it available to the remote users of
the remote laboratory sessions.

Figure 40: Remote Laboratory Installation
The “Install service with current config” button will install a service in your computer to
use the selected configuration. Once installed, the other icons will activate allowing you
to start, stop, install or uninstall services. If you have already used the lab, you will most
probably have configured labs in the list.
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Remote Lab Server Configuration

Figure 41: Lab Server Configuration
Using the “Configure” button will let you change the configuration of any listed labs in
your computer. The options here are similar to the items in the remote lab configuration
wizard. The only new thing here is VNC section. This section will let you configure VNC
service that you have already installed alongside with the remote lab software. You can
configure VNC port for incoming connections and passwords for the remote laboratory
sessions.
There is also a button that will open dialog of the VNC configuration to set up the more
advanced options.
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Figure 42: Advanced Options
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Figure 43: Video Cameras and Audio Tabs
The “Video and audio” tab will let you select audio devices and stream audio along with
the video streams to the students. The advantage of this feature is to add sound to the
observations gained through the video feature. Audio will make the remote laboratory
session, in conjunction with the video streaming feature, as realistic as possible. This
makes the remote laboratory session more realistic and less like a virtual simulation.
Opening the Firewall
Remote Lab uses, by default, only a few ports to accept connections.
The main default port is 5900.
This port is used by the VNC server. This is the port which is used to share the lab
server’s desktop with users. It can be changed from the configuration program of the lab
service, or from the configuration of the VNC server itself.
TCP port 1144 is used for file transfer between the lab server and clients. If the remote
lab is a public IP address, there is probably no need to configure the router. Usually it will
have a private IP address in the form 10.xx.xx.xx or 192.168.xx.xx.
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This will mean that the lab server is behind some router or firewall hardware, which is
completing NAT (Network Address Translation). If the remote lab server is behind a
firewall or router, you need to make sure that the default ports Electromeet operates form
are accessible from outside.
This procedure depends on the specific hardware, and there is no universal recipe to do it,
but most often it is called Destination NAT, Virtual server, or in the home routers, there
is an option called DMZ (demilitarized zone) which will forward the incoming
connection from internet to a specific IP address behind firewall on your internal
network. In most cases you will need to read the router’s manual pages and find the exact
commands to configure it.
A summary of the methodology is as follows: You need to forward incoming connections
to ports 5900, 1144 to the IP address of the lab computer.
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Appendix E
A Typical Proctoring Software PackageE
What is Proctoring?
Proctoring allows for examinations and testing to be conducted remotely. The proctoring
features allow for a fair method of monitoring to be conducted to try to eliminate the
prospect of students cheating during a remote examination.
There are three primary features that will monitor student activity during the examination
period: Audio recording, video recording and desktop recording. These features allow for
all of the student’s activities to be recorded. Audio and video are used to monitor the
student’s physical activities and the desktop recording will monitor the student’s
computer activity. This allows for a reasonably controlled environment to minimize the
possibility of cheating.
The audio and video features simply record any activities through external microphone
and video camera devices. When a proctoring session is commenced, the proctoring
feature will record and sound and video captured through the devices.
The desktop recording feature records the student’s computer screen activity. This feature
records the desktop activities of the student to ensure that the student does not access any
websites and does not copy and paste any material into their exam or test solutions.
How to use Proctoring
The proctoring feature has been designed and implemented to be an extremely easy
feature to use. To access the proctoring feature, you simply click on the “Proctoring” icon
in the Electromeet program. The proctoring icon is located at the top left of the program
and the icon looks like a business man in a suit. The location of the proctoring icon can
be seen in the figure below.

Figure 1: Location of the Proctoring Icon
Once the proctoring feature has been successfully accessed, the feature should appear as
seen in the figure below. The figure below shows all the available features of proctoring.
The proctoring features are easy to use and are designed such that a session can be
recorded and uploaded for inspection. The proctoring session firstly needs to be
configured to allow for the recording to be conducted properly. In order to see that the
features are behaving properly and are configured to the proper external devices, the
student will simply click on “Start preview” to check that everything is in working order.
The location of the start preview button can be observed in the figure below since it is
highlighted in a red box. The start preview button enables the microphone and video to
ensure that they are in working order and communicating to the proctoring feature.
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Figure 2: The Proctoring Feature
If the preview does not provide the required result, then further configuration needs to be
conducted. In most cases, the output devices have been incorrectly selected. The proper
video and audio devices can be selected by selecting the appropriate devices via the drop
down arrows displayed in the proctoring screen. The configuration of the devices
includes webcams, microphones and speakers. The applicable drop down boxes can be
observed in the two figures below. To check that the configuration is correct, another
start preview can be conducted to check that the selected devices are communication to
the proctoring feature.

Figure 3: Camera Configuration
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Figure 4: Audio Configuration
To end a preview, you can simply press the “Stop preview” button as observed in the red
highlighted icon in the figure below. Once the configuration is successful, you can
commence testing. This is simply done by selecting the green highlighted icon in the
figure below. Once you select “Start test,” the video, audio and desktop activities will be
recorded. This feature is really easy to use, for a student only needs to click on start test
and the proctoring feature will enable all of the recording functionality in the background
of the feature.

Figure 5: Start Test and Stop Preview
Once a student has finished their examination they need to click on the “Stop test” button.
It is in the same location as the “Start test” button. At the completion of a recording, the
session will be added to the recording list on the left hand side of the proctoring screen. A
list of recordings can be observed in the figure below. The recording is automatically
added to the list once the stop test icon is pressed. Once the recording has been ended, the
student will need to upload their test for review. Once again, this is an extremely simple
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task to do where the student only needs to click on the “Upload” button to send their
recording away for monitoring. The location of the upload button can bee observed in the
figure below.

Figure 6: Uploading the Recording
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The novel’s opening quotation is somewhat longer and reads as follows:
“It was the best of times, it was the worst of times, it was the age of wisdom, it was the age of foolishness, it was the
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e-learning: “Instructor-led classroom-based training has decreased from 80% in 1999 to 68% in 2005. And the use of
technology as a delivery method has increased from 8% in 1999 to between 28-38% in 2005” p.10. These are startling
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Chapter 2
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Banks (2004, p. 22) drew on O’Sullivan (1976) who pointed out that “without transfer of knowledge from
one person to another, or from one person to many people, work could not be effectively performed. In order for human
beings to be productive and or to perform, some form of training was utilized”. Flores (2006, p. 9) quoted Jack Welch,
former General Electric Chairman and CEO, who said: “An organization's ability to learn, and translate that learning
into action rapidly, is the ultimate competitive advantage”.
Banks, L. V. (2004). Brick, click, or brick and click: A comparative study on the effectiveness of content delivery
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Flores, J. G. (2006). Uniting learners around the world. Retrieved February 4, 2007 from
http://www.usdla.org/html/resources/1._USDLA_Overview.pdf
2.
Anderson (2000) referred to IDC, an international IT research organisation, who remarked that corporate
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then the best return on investment will not be realized. Similarly, downtime can be minimised by a well trained
workforce acting quickly to troubleshoot and then to remedy problems with defective equipment. Aitkenhead (2002)
noted that training needed to provide three items: greater cognitive skills to perform better, improved motor skills to
support good practical performance and the ability to make “reasoned judgements” (p. 376).
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with “knowledge handcuffs” (p. 28), whereby they get opportunities for learning and improving their knowledge. Fitzenz (2000), sometimes referred to as the Father of Human Capital Benchmarking and Performance Assessment, pointed
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Training includes classroom activities (instructor-led), distance learning, online learning, on-the-job training and
assignments. Gamble (2005) stated that “(blended) training is the process by which (blended) training material is
presented to the learner” (parentheses placed in by the author). Robinson and Robinson (1989) focused, more
appropriately for this research, on the acquisition of skills when they drew on Nadler and Wiggs (1986, p. 5) definition
of training as techniques that would “focus on learning the skills, knowledge and attitudes required to initially perform
a job or task or to improve upon the performance of a current job or task.”
Gamble (2005) noted that (blended) learning referred to the “absorption of the (blended) training material by the
learner” (parentheses placed in by the author). Whitney (2007) pointed out that there are important distinctions between
the terms learning and training. She felt that the generally understood viewpoint was that learning is a long-term
process associated with development, in contrast to training which focuses on acquisition of technical skills.
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to this: “..we must know the extent of the efficiency and effectiveness of that training.” J.J. Phillips (1991) urged
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inappropriate training. Schank (2002) pointed out that the amount of unnecessary or unproductive training (including
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is the diminishing number available due to aging and inadequate replacement by the younger generation. North
America has a particular problem with an aging engineering workforce and needs serious attention and a recent survey
by Wilkins (2007) pointed out that in the developed countries such as the USA and the UK, the engineering and
technical workforce is getting older and consequently retiring. He felt that manufacturing and engineering does not
appeal to the young person today and this is adding to the shortage of good quality entrants to the workforce where the
skills requirements in these jobs are far higher than in the past. He pointed that retention is as important to
manufacturers today as recruitment. He proposed a strategy of capturing organisational knowledge and experience of
their workforce and implementing a coherent and effective training program. Most of the respondents (65%) of his
survey indicated average training of 40 hours per annum and he remarked that this was inadequate. He did not indicate
what a desirable number of hours of training would have
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16.
Uhlig, R., Viswanathan, S., Watson, J. and Evans, H. (2007). AC 2007-2815: Effective Instruction of an
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Study Documenting Digital Media and Device Use Among Freshmen Engineering Students. Proceedings of the
American Society for Engineering Education 2011 Conference & Expo. Retrieved September 14, 2012 from
http://www.asee.org through the links Publications, Papers and Conference Proceedings.
They cite Tapscott and Williams in describing what the Net Generation expect:
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29.
Bersin, J. and Mallon, D. (2009). The Enterprise Learning Framework: A Modern Approach to Corporate
Training. April 2009 Bersin and Associates Research Report. Downloaded from bersin.com site on 15 October 2009.
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Tuovinen, J.E. and Sweller, J. (1999). A Comparison of Cognitive Load Associated with Discovery Learning and
Worked Examples. Journal of Educational Psychology, 91(2), pp. 334-341.
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Sitzmann, T. M., Kraiger, K., Stewart, D., & Wisher, R. A. (n.d.). The comparative effectiveness of web-based and
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measure impact at the levels of ….ROI. There are not simple models for assessing this, without really exploring the
individual organisation’s goals and creating a bridge between training and the bottom line”. Hence it was felt that the
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Keegan (2005) felt that pedagogy could be broken down into two main thrusts:

Behaviorist/objectivist as per B.F.Skinner’s approach requiring the transfer of knowledge from the teacher to the
students where learning is evidenced by a changed behaviour in the learners. This is the traditional form of classroom
teaching with the lecture format and is often referred to as positivist, realist, scientific or traditional (Fritze, 2003). The
teacher is responsible for ensuring that learning has indeed taken place.
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Constructivist on the other hand states that the students are active participants in the process constructing their own
learning. The teacher becomes a facilitator of the learning environment. This is often referred to as interpretivist,
naturalist, hermeneutic or alternative (Fritze, 2003).
Keegan (2005) supported the notion of other authors that if synchronous online learning used the traditional classroom
approach, it will be effectively employing the behaviorist/objectivist pedagogy. But he felt that it is important to go for
more interaction so that the online learning is aligned with a constructivist pedagogy.
Keegan, D., Schwenke, E., Fritsch, H., Kenny, G., Kismihok, G., Biro, M., et al. (2005). Virtual classrooms in
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of this to work through discrepancies to come to a new understanding” (p. 1). Mental models are “conceptual
interactions of knowledge used to interpret the world, which are understood by users themselves through
conceptualizations of those mental models” (Brandt, 1997). Brandt emphasised that experiential learning does more
than merely strengthen mental models through repetition but confronts the learner with variety which then challenges
their existing mental models of a given situation. The result is that the learner’s existing mental model is then tested,
modified and strengthened if new concepts are gained. Fritze (2003) felt that the constructivist worldview is relevant to
computer facilitated learning systems (online learning) due to its ease of handling the “real-life complexity and multiple
perspectives” inherent in this work (p. 34). Armarego, Fowler and Roy (2001), cited Laurillard (1993) and remarked
that the constructivist approach applied to a university engineering program, meant that learners could construct
personal meaning by engaging in dialogue with others and reflect on the multiple perspectives “to make sense of the
experience gained” (p. 258).
Brandt, D. S. (1997). Constructivism: Teaching for understanding of the Internet. Association for Computing
Machinery: Communications of the ACM, 40(10), 112. Retrieved December 12, 2006, from The Proquest
Science Journals database.
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the organisation. PhD Thesis. RMIT University, Melbourne.
Akpinar, E., & Ergin, O. (2007). The effect of interactive computer animations accompanied with experiments on grade
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Learning, 2(2), 1-6. Retrieved June 10, 2007, from http://online-journals.org/index.php/ijet/article/view/86/65.
Armarego, J., Fowler, L., & Roy, G. G. (2001). Constructing engineering knowledge: Development of an online
learning environment. IEEE.
Laurillard, D. M. (1993). Rethinking university teaching: A framework for effective use of educational technology.
London: Routledge.
Almala (2006) drew on the work by Piaget and Vygotsky in constructivism and noted that there are “two constructivist
learning models: individual constructivism, where knowledge is constructed from personal experience by the individual
and social constructivism, which declares that knowledge is acquired through collaboration with meaning negotiated
from multiple perspectives”. The emphasis in constructivism is that there is no single reality, but is constructed by the
learner during the training process. He noted that during a synchronous online learning session, learners build on their
existing knowledge, and the knowledge from the other participants and the instructor to work iteratively to a solution to
a joint problem by defining their ideas, concepts to the others and then defending and modifying their initial models in
a collaborative way. This is done in accordance with the principles of social constructivism. Almala (2006) noted that
Oliver (2000) pointed out that it is imperative that the instructor needs to provide adequate scaffolding. If the above is
done, Almala, indicated that constructivism would provide theoretical support to create quality online learning courses.
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understanding from the interaction between one’s experiences and ideas. When one absorbs information, one builds on
an existing framework without changing that framework (referred to as assimilation). Accommodation occurs when the
experience of the world doesn’t match up with one’s internal mental framework. This mental internal framework then
has to be adjusted to take this new experience into account. Three famous constructivist theorists were Jerome Bruner,
Jean Piaget and Lev Vygotsky.
Retrieved August 15, 2011 from http://en.wikipedia.org/wiki/Constructivism_(learning_theory)
On the other hand, objectivism refers to the learning that arises as a result from the transmission of information from
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It was pointed out that modern neuroscience would tend to support the thrust of constructivism but as with everything;
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Ubell, R. (2010). Virtual teamwork mastering the art and practice of online learning and corporate collaboration.
Hoboken, N.J.: Wiley.
Other contributors who were referred to were: Banner, P., Brown-Hoekstra, M.K., Dool, R., Huettner, B., JamesTanny, C., Pratt, E.L., Lee, H., Resta, P.E., Rutkowski, A.-F., Ryan, M., Saunders, C.S., Sivunen, A., Tai,
L., Grosse, C.U., Valo, M., van Genuchten, M., Vogel, D., & Volchok, E.
Constructivism means that all students have their own unique mental models of the world. The process of learning is
where the learner compares new information against existing information and then builds up their own mental model.
Perhaps a criticism of constructivism is that as each learner arrives at a different meaning based on her experiences,
there will be some disconnect between the meanings each learner constructs. Hence social constructivism, can
minimise this problem by having all new knowledge discussed within a community so as to arrive at a more aligned
understanding of the information (although each learner will still retain some uniqueness in their interpretation).
Woodill, G. (2010 August). High Definition Videoconferencing for Training. Brandon Hall Research Brief..
Connectivism is the ability to connect and then store different nodes of knowledge from a network of data and
information. This means there is a skill in being able to grasp the connections between ideas and concepts.
Khachadorian, S., Scheel, H., de Vries, P., & Thomsen, C. (2008). A Practical Approach for Managing Online Remote
Experiments (ONPReX). European Journal of Engineering Education, 00(00), 1-14.
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Constructionism
Bear in mind that there is a similar sounding theory called constructionist learning based on the work of Jean Piaget;
which is very important in science and engineering education. This drew inspiration from constructivism but it is a
different concept. Constructionism means that highly effectively learning occurs when people make or construct
tangible objects in the real world. Papert indicated:
"The word constructionism is a mnemonic for two aspects of the theory of science education underlying this project.
From constructivist theories of psychology we take a view of learning as a reconstruction rather than as a transmission
of knowledge. Then we extend the idea of manipulative materials to the idea that learning is most effective when part
of an activity the learner experiences as constructing a meaningful product."
Retrieved August 14, 2011 from http://en.wikipedia.org/wiki/Constructionist_learning.
47.
Crehan, M., Seery, N., Canty, D., & Lane, D. (2012). Constructivist E-Portfolios: The Use of Media in the
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constructivism, collaborative working in groups and learning centred on the student. When the students had finished
their experiments, they then presented their group results to the rest of the class thus developing their communication
skills and clarifying their thoughts. They believe that students who are required to approach their lab work with this
experiential approach (as compared to the traditional lecture approach) achieve 30% points higher on these type of
assessment questions.
Henderson, L. L., & Mirafzal, G. A. (1999). A first-class-meeting exercise for general chemistry: Introduction to
chemistry through an experimental tour. Journal of Chemical Education, 76(9), 1221. Retrieved on March
23, 2006 from the ProQuest Science Journals database.
50.
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Brant, D.S., (1997). Constructivism: Teaching for understanding of the internet. by D.S. Brandt in Assocation for
Computing Machinery. Communications of the ACM 40(10), 112-117.
51.
There have been questions raised about the poor quality that many users of online learning comment on, in
the research as evidenced by Schank. Schank added that whilst he believed that a considerable amount of online
learning is unacceptably poor, he felt that there are six attributes of measuring (and thus in knowing how to improve)
the quality of a training course. These include “failure” (when the course delivers unexpected results to the
participants); the requirement to use “reasoning” in proceeding through the course; “emotionality” (the need to provoke
an emotional response by the participant); “exploration” by the participants; “practice by doing”; “observation” (the
course allows the participant to view things for themselves) and “motivation” (how much does the course motivate
participants to complete the course).
Schank, R. C. (2002). Designing world-class e-learning - How IBM, GE, Harvard Business School, and Columbia
University are succeeding at e-learning: McGraw-Hill.
52.
Aring, M., & Brand, B. (1998). The Teaching Firm. Where Productive Work and Learning Converge. Report
on Research Findings and Implications. Education Development Center, Inc. Retrieved November 20, 2011 from
http://www.edc.org/
53.

This was cited from:

Carnevale, A. (2009). Georgetown University Center on Education and the Workforce’s Analysis of Macroeconomic
Advisers (MA) Long-Term Economic Outlook.
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Business Administration.
In:
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Driving Organizational Performance amidst an Imbalanced Global Workforce. Bersin & Associates Research Report.
56.
This was explained by Dr Ken Ryan, director of manufacturing automation research and education in the
Center for Automation and Motion Control at Alexandria Technical College, Alexandria, Minn, USA.
Amos, C.K. (2007). Troubleshooting Skills Top Training Needs, Automation World, 8.
57.
This observation was cited from:
Mote, Jr., C.D. (2011). Strategic Issues Facing Public Universities. Paper presented at the AAAS Annual Meeting.
in the paper by:
Peercy, P.S., & Cramer, S.M. (2011). Redefining Quality in Engineering Education Through Hybrid Instruction.
Proceedings of the Journal of Engineering Education, 100(4), 625-629.
58.
Abdulwahed, M., Nagy, Z.K., & Blanchard, R. (2008). Beyond the Classroom Walls: Remote Labs,
Authentic Experimentation with Theory Lectures. Proceedings of the 2008 AaeE Conference. Retrieved March 2, 2012
from http://www.aaee.com.au/conferences/papers/2008/aaee08_submission_W1A2.pdf
59.
Bourne, J., Harris, D., & Mayadas, F. (2005). Online Engineering Education: Learning Anywhere, Anytime.
Journal of Engineering Education, January 2005, 131-146.
60.
Brodie, L. (2007). Reflective writing by distance education students in an engineering problem based learning
course. Australasian Journal of Engineering Education, 13(2).
In her assertion, Brodie has drawn on sources from Engineers Australia, ABET and the IEEE.
61.
Abdulwahed, M., Nagy, Z.K., & Blanchard, R. (2008). Beyond the Classroom Walls: Remote Labs,
Authentic Experimentation with Theory Lectures. Proceedings of the 2008 AaeE Conference. Retrieved March 2, 2012
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62.
Pintong, K.P., Summerville, D.H., & Temkin, K. (n.d.). Transitioning a Lab-based course to an Online
Format: Strategies for Success. ASEE. Retrieved August 22, 2012 from asee.org through the links Publications and
Papers and thence Conference Proceedings.
.
The following paper is cited in support of the assertion:
Middendorf, J., & Kalish, A. (1996). The Change-Up in Lectures. The National Teaching and Learning Forum, 5(2).
Retrieved December 1, 2011 from http://www.ntlf.com/html/pi/9601/article1.htm.
63.

Bandura, A. (1997). The Self-Efficacy: The Exercise of Control. New York Press: Freeman.

The comment on self-efficacy is cited in the two papers by Dedic et al below:
Pajares, F. (2002). Gender and perceived self-efficacy in self-regulated learning. Retrieved August 10, 2008 from
http://www.findarticles.com/cf_dls/mONQM/2_41/90190499/print.jhtml.
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Pajares, F., & Miller, M.D. (1995). Mathematics self-efficacy and mathematics performance: The need for specificity
of assessment. Journal of Counselling Psychology, 42(2), 1-9.
Dedic, H., Rosenfield, S., Ivanov, I. (2008). Online Assignments and Interactive Classroom Sessions: A Potent
Prescription for Ailing Success Rates in Calculus. Proceedings of MERLOT Journal of Online Learning and
Teaching, 4(4), 515-525.
64.
The authors discuss a remote lab using a remotely controlled robotic arm. They discuss the peculiar
requirements of an engineering education compared to that of the other offerings.
Asimopoulos, N.D., Nathanail, K.I., & Mpatzakis, V.I. (2007) A Network-based Electrical Engineering Laboratory.
International Journal on ELearning, 6(1).
65.
James-Byrnes, C.R., & Holdhusen, M.H. (2012). Online Delivery of a Project-based Introductory
Engineering Course. Proceedings of the American Society for Engineering Education 2012 Conference & Expo.
Retrieved September 14, 2012 from asee.org through the links Publications, Papers and Conference Proceedings.
Research cited showing that online learning is detrimental to active learning is as follows:
Viswanathan, S. (2002). On-line instruction of Technology Courses – Do’s and Don’t. Proceedings of the International
Conference on Information and Communications Technologies in Education.
Uhlig, R., Viswanathan, S., Watson, J. and Evans, H. (2007). AC 2007-2815: Effective Instruction of an Online
Engineering Course, 2–11. Retrieved from the conferences section of the asee.org site. American Society of
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66.
Gardner, T.Q., Kowalski, S.E., & Kowalski, F.V. (2011). Interactive Simulations Coupled with Real Time
Formative Assessment to Enhance Student Learning. Proceedings of the American Society for Engineering Education
2011 Conference & Expo. Retrieved September 21, 2012 from asee.org through the links Publications, Papers and
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This assertion was cited from:
Bransford, J., Brown, A. L., & Cocking, R. R. (1999). How people learn brain, mind, experience, and school.
Washington, D.C.: National Academy Press.
67.
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68.
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The study on expert skill levels was cited from:
Ericsson, K.A., Charness, N., Feltovich, P., & Hoffman, R.R. (2006). Cambridge Handbook of expertise and expert
performance. Cambridge: Cambridge University Press.
69.
Bourne, J., Harris, D., & Mayadas, F. (2005). Online Engineering Education: Learning Anywhere, Anytime.
Journal of Engineering Education, January 2005, 131-146.
70.
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73.
This was sourced from:
Thomas, C., (2007). Online Learning: Anywhere, Anytime, Radically Altering Education for Engineers. SWE Spring
2007, 30-38.
74.
The survey discussed in this whitepaper is somewhat dated (2000) and is perhaps skewed to considerable
interest in computer science and technology because of the so-called dot com boom that was occurring at the time; but
our experience is that the key findings are still echoed throughout the western world.
Rutz, E. (2000). Use of Distance Learning for Continuing Education of Engineers: Results of an Educational Needs
Assessment. Journal of Engineering Education, 261-264
75.
A combined quantitative and qualitative approach was employed in the research methodology. The survey
and the results derived here were based on that done by Kim, Bonk and Zeng (2006), who kindly allowed us to use a
modified version of their survey instrument.
Kim, K.-J., Bonk, C. J., & Zeng, T. (2006). Surveying the future of workplace e-learning: The rise of blending,
interactivity,
and
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learning.
eLearn. Retrieved
November
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2006,
from
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76.
Mackay, S. G. (2008) The impact of blended learning in improving the reaction, achievement and return on
investment of industrial automation training. PhD Thesis. Curtin University of Technology, Australia.
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with a real plant is essential for good training. They suggested that “Practical education needs to be based on errors and
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the Web interface that controls the telescope….I set the shutter speed and snapped pictures ! The live nature of the
session allowed us to examine each picture right on the spot” (pp. 27-28). Finkelstein remarked that immediate support
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implementing techniques of learning via discovery” (Almgren & Cahow, 2005, p. 3). They noted the use of a single
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devalued the instructor in the learning process. He believed that it was imperative for the teacher to inspire the students
by motivating them to learn and to place the materials into a larger context. He also doubted whether online learning
would be able to totally replace the hands-on exercises conducted in laboratories. He concluded with the following
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Finally, in considering the nexus with the associated lectures to the labs, Zimmer, Billaud and Geoffroy
(2006) noted that for success in this endeavour, it was important that there was a high quality tie up between the
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How will you benefit from reading
this book?
With its focus on online learning for engineers, technologists, technicians
and tradespeople the following skills and knowledge can be gained from
this book:
s %XPOSURE TO THE NEW AND DIFFERENT TERMS ACRONYMS AND METHODS
s 4HE REQUIREMENTS TO MAKE A SMOOTH TRANSITION FROM THE CLASSROOM TO
THE ONLINE LEARNING APPROACH
s ! STRONG EVIDENCE BASED APPROACH TO ONLINE LEARNING

Contents
4HIS BOOK CONTAINS PRACTICAL INFORMATION FOR ONLINE ENGINEERING EDUCATION
WITH A FOCUS ON LABS AND A HANDS ON APPROACH 4HERE IS A RENEWED
IMPETUS FOR CLARITY IN THE ONLINE LEARNING SPHERE AS A RESULT OF THE RAPID
GROWTH OF -ASSIVE /PEN /NLINE #OURSES -//#S  )N A SIMILAR VEIN THERE
IS ALSO A TREND TOWARDS THE PRIVATIZATION AND CORPORATIZATION OF HIGHER
EDUCATION WITH PRIVATE PROVIDERS BEGINNING TO COMPETE EXTENSIVELY WITH
TRADITIONAL UNIVERSITIES 4HERE IS A WEIGHTY COVERAGE OF LABS IN GENERAL
AND REMOTE EXPERIMENTATION SPECIlCALLY IN THIS TEXT 4HIS IS A NECESSITY
WE BELIEVE FOR HIGH QUALITY ENGINEERING AND SCIENTIlC EDUCATION

Topics Include
s %NGINEERING %DUCATION
AND 4RAINING
s !SYNCHRONOUS AND
3YNCHRONOUS /NLINE
Learning
s 'OOD 0RACTICE
s -OBILE ,EARNING
s 4RADITIONAL AND /NLINE
Labs
s 6IRTUAL ,ABS
s 2EMOTE ,ABS
s 6IRTUAL %NGINEERING 4EAMS
s !SSESSMENT
s 0ROCTORING
s -ARKETING
s !PPLICATIONS

A BONUS!
In addition, you get a professional copy of the Electromeet software package
comprising web conferencing, remote labs and proctoring software.
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