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Executive Summary:
There has been growing world-wide interest in the use of remotely accessible
laboratories. Compared to traditional laboratories where students must be physically
present, this approach allows students to utilise the internet to remotely interact with
physical laboratory infrastructure. The most advanced examples are currently MIT’s iLabs
and the UTS remote laboratories (with an enhanced facility recently launched by Senator
Kim Carr).
By removing the requirement of co-locating the students and the hardware, we are
potentially able to realise numerous benefits, including:
• The convenience of being able to complete laboratory work from outside the
University, and at any time of day.
• The secure nature of the laboratories means that equipment attrition through loss or
misuse is minimised, reducing maintenance costs.
• The economy offered by the security and reduced maintenance costs, facilitates the
acquisition of expensive, specialised and elaborate experimental apparatus.
• Remote access to the laboratory increases the potential user base for the laboratory –
facilitating sharing of laboratories across multiple programs and institutions, leading to
much improved utilisation of expensive laboratory infrastructure.
Whilst most of the technological problems have been predominantly solved, many of the
benefits associated with increased student flexibility and improved learning outcomes are
yet to be consistently achieved. This is due, at least in part, to the lack of a common
understanding regarding how and when remote laboratories can best be utilised in
supporting student learning, and the factors which affect their effectiveness.
This project has helped to address this situation by investigating student reactions to
remote laboratories, including evaluation of cross-institutional access issues based on a
broader diverse base of students for evaluating educational outcomes. The factors which
have the potential to affect student learning in designing remote laboratories have been
identified and documented. Two key issues which we have considered in detail include
students’ acceptance of the reality of the laboratory experience, and how professional
reality is reflected in the laboratory design.

Accessing Project Materials
The major material outcomes of this project include:
• A literature review report identifying key issues and trends within the literature.
• A number of key publications highlighting the pedagogic design issues identified
through this project (see attachments).
• A set of USB memory sticks containing key resources:
The projects materials can be accessed through the relevant publications, through the
discussion forum which has been established, or by direct contact with the project team
leaders.

Page 3 of 18

Remotely Accessible Laboratories – Enhancing Learning Outcomes
Final Report

Example Remote Laboratory Infrastructure:
The following images, from the UTS Remote Laboratory Facility, illustrate current stateof-the-art infrastructure.

Typical interface

UTS Remote Laboratory Facility

Coldfire experiment

Coldfire experiments

FPGA experiment

Deforming Beam experiments
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INTRODUCTION
Background
Engineering and science degree programs in Australia face particular challenges
associated with the laboratory-based nature of these disciplines. To obtain the best
learning outcomes student learning needs to be informed by the educational use of
laboratory equipment which is typically specialised, complicated, and often expensive.
They often frequently need access to this equipment for extended periods, beyond the
normal timetabled class times. Particular challenges arise both with the cost of
establishing and maintaining laboratories, and with ensuring appropriate access to these
facilities within the context of increasingly flexible programs and complex student lives.
Conventional laboratory practice has the students being admitted to physical laboratory
buildings/classrooms in order to directly interact with the apparatus and equipment “proximal” experimentation. This enables them to complete experiments and deepen their
learning, but it also demands the construction and maintenance of expensive laboratory
infrastructure on a scale that attempts to meet the needs of escalating enrolments. This
in turn clearly presents a considerable demand upon teaching and learning budgets.
Also, in many (possibly most) cases, because of the specialised nature of the
laboratories their utilisation is very low, being used for only a very small percentage of
available time.
One approach to addressing these issues has been the increasing popularity and
utilisation of virtual laboratories or simulations. Instead of interacting with a real physical
system, students interact with a simulated model of reality. This however raises
significant issues both in terms of fidelity of the simulation (i.e. its accordance with the
complexity of real systems) and with students’ reaction to the simulation. For example,
when the simulation gives a response which differs from that predicted by their own
(erroneous) mental model, they are likely to question the fidelity of their simulation rather
than the validity of their current understanding. Interaction with real laboratory equipment
and apparatus etches so firmly on the mind of the student that it’s arguable, in the
context of deeper learning, there can be no substitute [1].
Remote laboratories are an attractive alternative both to the logistical constraints of real
physical laboratories and to the limitations of simulated laboratories.
Remote
laboratories provide access to the equipment within a physical laboratory through a Web
interface, allowing students to utilise the equipment to undertake experiments without
being physically present in the laboratory. The remote access can involve a range of
interfaces from very simple text data through to complex controls, live video and audio
feeds, and support for student collaboration.
By removing the requirement of co-locating the students and the hardware, we are able
to realise numerous benefits, including:
•

Student access at any time of the day to the equipment needed to complete a
laboratory assignment or exercise, rather than perhaps just a single timetabled class.
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•
•

•
•

•

•

The convenience of being able to complete laboratory work from home, or from a
library, or from anywhere else that an Internet connection is offered.
Guaranteed fair-share access, since all students are allocated automatically to the
apparatus immediately they request it, or queued by the management system and
allowed access on a time-quota basis. Independent of geography, users are afforded
the same opportunities.
The secure nature of the laboratories means that equipment attrition through loss or
misuse is minimised and this means that maintenance costs are comparatively low
compared to a proximal laboratory.
The economy offered by the security and reduced maintenance costs, facilitates the
acquisition of expensive, specialised and elaborate experimental apparatus – the
students tend to engage more readily when they are aware that they are using
modern, contemporary equipment. The value of this exposure to current industry
standard equipment has also been recognised by employers.
Tele-operation of equipment is an increasingly common part of engineering
professional practice, for example - communications carriers employ these techniques
in making operational checks on telephone systems. As well as the benefits listed
above, we are exposing them to another mode of hardware access that is relevant to
workplace contexts.
Remote access to the laboratory increases the potential user base for the laboratory –
facilitating sharing of laboratories across multiple programs and institutions, leading to
much improved utilisation of expensive laboratory infrastructure.

The ability to conduct laboratory classes remotely first surfaced in 1996 [2], and since
then has become increasingly prevalent. The breadth of laboratory experiences which
can be supported is illustrated by current examples of remote laboratory classes which
are available: determination of the speed of light from the resonant behaviour of an
inductive-capacitive circuits [3], use of a transmission electron microscope [4], and
control of an inverted pendulum [5]. Indeed, there are now conferences on Internetbased teaching in Engineering, with substantial numbers of papers on telelaboratories
[6]. The field of telelaboratories has matured to the point that there have been
publications providing a summary of remote laboratories throughout the world [7,8].
These summary papers give a good overview of the range of remote laboratories in
existence.
What is largely missing from the literature, however, is an evaluation of the pedagogical
consequences of the use of remote laboratories - “Unanswered is the question on the
effects of learning outcomes” [9]. Earlier work by the investigators in this project is
beginning to fill this gap in the literature, and has very significantly shown that remote
laboratory classes aren’t simply a logistical alternative to proximal laboratories. Rather,
they are pedagogically different to the traditional proximal experience [10]. The work
outlined in this report (and associated materials) goes further towards addressing these
gaps.
The work in this project represents the first steps towards the establishment of a network
of shared laboratory equipment distributed around Australia. Whilst UTS and Curtin are
pioneers for this work, this project has been partially responsible for the diversification
and broadening of additional remote laboratory initiatives, including either active work or
emerging projects at: the University of Southern Queensland; the University of
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Queensland; Queensland Institute of Technology; the University of South Australia; Royal
Melbourne Institute of Technology; and Swinburne University.

Pedagogical Aspects
The technical development of remotely accessible laboratories has received much
attention both internally within the host institutions and more broadly within the research
literature. For example, in 2005 the IEEE Transactions on Education devoted a special
issue to web-based laboratory experiences (Vol. 48, No. 5, 2005), with a strong focus on
the technical systems which were being developed – including issues such as the
different arbitration schemes, communications protocols and audio-video coding and
decoding techniques which are used. This technical focus has positioned the remotely
accessible laboratories concept well, in its ability to compete in a real-time sensory and
interactive way with many proximal configurations [11,12]. However, whilst consideration
of technical feasibility has been essential to initial developments in this area, it has
tended to occur in the absence of an explicit consideration of the learning context and
how remotely accessible laboratories can deliver learning outcomes. The process of
evaluating remote laboratory classes from a pedagogical perspective, and/or
understanding the effective design of remote laboratories has had limited consideration,
with the investigators for this project being leaders in this area.
Whilst some effort has been directed at ensuring that the quality of the learning
experience is acceptable when employing remote laboratories [15], it has only been
comparatively recently that very solid work has been completed in this area [10].
Example issues needing consideration include the following:
•

What impact does the remote experience have on student engagement with the
learning experience?

•

What is the impact of the group dynamics of typical laboratory experiences (e.g. in
terms of shared learning), and how can this be supported, emulated or replaced in a
remote laboratory?

•

To what extent to students trust the remotely-accessed experimental outcomes as
being truly representative of reality?

•

What ancillary elements of the proximal laboratory experience (e.g. the nature of the
physical environment? The presence or absence of other students?) are important to
establishing a context for achieving learning outcomes?

•

What aspects of the actual laboratory context need to be communicated in a remote
experiment in order for students’ to engage with, and understand, the experiment?
What aspects are crucial to the learning experience?

Our earlier work had shown that the learning outcomes of laboratory classes conducted
remotely are statistically significantly different to those of “traditional” laboratory classes
[10,15]. Significant changes in students’ perceptions of their learning have also been
found, with the separation of student and hardware leading to a dissonance between
students’ perceptions of the goals of the laboratory and of their actual learning [18].
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This project establishes a solid pedagogic framework for guiding the use of remote
laboratories. This will help ensure that remote laboratories are able to effectively support
improved student learning, whilst retaining the logistical and resourcing benefits which
accrue from their use.
Whilst the student cohorts which underpinned our investigations were predominantly
sourced from two different universities, the approach is relevant to, and will hopefully be
adopted by the vast majority of Australian Universities. The approach taken in this work
allowed us to expand the concept of “remoteness” to the sharing of hardware between
universities. Previous work in Australia was restricted to student use of hardware that
they knew was “local” in the sense that even though they were accessing it remotely,
they could actually visit the physical laboratory if needed. The knowledge that the
hardware is considerably distant (in that the physical location is beyond their ability to
reasonably access) was a key factor in our investigations, and it was found that, to some
extent, it can potentially affect the students’ sense of separation and hence alter the
learning outcomes, unless it is explicitly addressed (see the work described below on
establishment and maintenance reality).

APPROACH / METHODOLOGY
General Approach
This project aimed to investigate the factors which affect student learning outcomes
during the use of remote laboratory infrastructure – and hence to support design of
effective remote laboratory experiences and decisions on when such use if appropriate.
In this context, the project considered issues such as:
•

What impact does the remote experience have on student engagement with the
learning experience?

•

What is the impact of the group dynamics of typical laboratory experiences (e.g. in
terms of shared learning), and how can this be supported, emulated or replaced in a
remote laboratory?

•

To what extent do students trust the remotely-accessed experimental outcomes as
being truly representative of reality?

•

What ancillary elements of the proximal laboratory experience (e.g. the nature of the
physical environment? The presence or absence of other students?) are important to
establishing a context for achieving learning outcomes?

•

What aspects of the actual laboratory context need to be communicated in a remote
experiment in order for students’ to engage with, and understand, the experiment?
What aspects are crucial to the learning experience?

To achieve this, we developed a set of survey instrument which were used to support the
evaluation of the student experience, and utilised these within a range of different remote
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laboratory experiences. The student cohorts which were used in our evaluations were
sourced from two different universities (UTS and Curtin), however the approach is
relevant to the majority of Australian (and indeed international) Universities. (To facilitate
reuse, and enable comparison with other experiences, a copy of the survey instrument
was included in the memory sticks which were used in the dissemination strategy, and is
also included as an attachment to this report). The resultant data which was collected
was then analysed in order to determine student reactions to, and learning achieved
through, the utilisation of the remote laboratories.
The findings from our studies were contextualised within an exhaustive analysis of
existing literature. Rather surprisingly, we found that there was remarkably little literature
on the educational objectives of student laboratories, let alone remote laboratories. This
complicated the evaluation processes (it is difficult to evaluate educational outcomes if
the educational objectives are not clear, or even articulated in any form)!
The findings were reported in a series of publications which are included as attachments
to this report.

Specific Methodology
The original project plan was structured as a set five phases of activity: (1) an initial
evaluation to identify evidence related to the factors which impact on learning outcomes;
(2) design of a set of corrective measures based on the identified factors, and which are
expected to lead to improvements; (3) trialling of modified student experiences using the
corrective measures; (4) re-assessment of the student experiences to determine the
impact of the designed corrective measures; and (5) report and delivery.
Our initial investigations, however, highlighted that the above method was too naïve and
not appropriate (see the discussion below, in the section on Advances in Existing
Knowledge). In effect, a single educational approach (and hence a single set of
“corrective measures”) was found to be not appropriate, as the design of the laboratory
experience needed to be highly dependant upon the intended learning outcomes, which
in turn varied substantially. The result was that we modified the methodology to
accommodate this early observation.
We began with a thorough analysis of the existing research, and identified a key set of
factors that had previously been identified. The outcome was the literature analysis which
is included as an attachment to this report. We then undertook a series of evaluation
exercises with multiple student cohorts. Each evaluation served a triple purpose of:
(1) validating the previous analysis and the resultant factors which had been identified;
(2) determining whether any additional factors could be identified; and (3) addressing a
particular issue and identifying how that issue related to the design of the laboratory
experience.
The key issues which were considered through the evaluations were:
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•
•
•
•
•

How do students respond to experiment simulations versus remote access to real
physical experiments, and what are the key lessons in terms of remote experiment
design?
What is the impact of students’ perception of the “reality” of a remote laboratory,
and what factors affect that perception?
What are the consequences of supporting a clear connection of a laboratory
experience to the reality of students’ professional experiences?
What are the consequences of support or lack of support for collaboration in a
remote experiment?
What forms of interaction can be technically supported in a remote environment,
and how do these affect the students’ experience?

ADVANCES IN EXISTING KNOWLEDGE
The key advances in existing knowledge are outlined in the attached publications. A brief
summary of the key points from these papers is included below.
•

Very early in the project it was realised that there is currently a very substantial lack
of clarity the educational objectives of most laboratory experiments. One key item of
previous work came from an ABET Colloquy in 2002, (outlined in [19]) which
described a core set of thirteen objectives for Engineering laboratories. These related
to the development of abilities such as applying appropriate instrumentation and
tools, identifying the strengths and limitations of theoretical models, and the ability to
collect, analyze, and interpret data, as well as many others (see the sidenote
following for the full list of objectives). This diversity meant that identifying a single set
of design characteristics for remote laboratories was neither appropriate nor effective,
Instead it was appropriate to identify a set of guiding principle relating to how different
factors in the design could best be handled.

Sidebar: Taxonomy of Laboratory Learning Outcomes
The following is extracted from [19].
By completing the laboratories in the engineering undergraduate curriculum, you
will be able to....
Objective 1: Instrumentation. Apply appropriate sensors, instrumentation, and/ or
software tools to make measurements of physical quantities.
Objective 2: Models. Identify the strengths and limitations of theoretical models as
predictors of real-world behaviors. This may include evaluating whether a theory
adequately describes a physical event and establishing or validating a relationship
between measured data and underlying physical principles.
Objective 3: Experiment. Devise an experimental approach, specify appropriate
equipment and procedures, implement these procedures, and interpret the
resulting data to characterize an engineering material, component, or system.
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Objective 4: Data Analysis. Demonstrate the ability to collect, analyze, and
interpret data, and to form and support conclusions. Make order of magnitude
judgments and use measurement unit systems and conversions.
Objective 5: Design. Design, build, or assemble a part, product, or system,
including using specific methodologies, equipment, or materials; meeting client
requirements; developing system specifications from requirements; and testing
and debugging a prototype, system, or process using appropriate tools to satisfy
requirements.
Objective 6: Learn from Failure. Identify unsuccessful outcomes due to faulty
equipment, parts, code, construction, process, or design, and then re-engineer
effective solutions.
Objective 7: Creativity. Demonstrate appropriate levels of independent thought,
creativity, and capability in real-world problem solving.
Objective 8: Psychomotor. Demonstrate competence in selection, modification,
and operation of appropriate engineering tools and resources.
Objective 9: Safety. Identify health, safety, and environmental issues related to
technological processes and activities, and deal with them responsibly.
Objective 10: Communication. Communicate effectively about laboratory work with
a specific audience, both orally and in writing, at levels ranging from executive
summaries to comprehensive technical reports.
Objective 11: Teamwork. Work effectively in teams, including structure individual
and joint accountability; assign roles, responsibilities, and tasks; monitor progress;
meet deadlines; and integrate individual contributions into a final deliverable.
Objective 12: Ethics in the Laboratory. Behave with highest ethical standards,
including reporting information objectively and interacting with integrity.
Objective 13: Sensory Awareness. Use the human senses to gather information
and to make sound engineering judgments in formulating conclusions about realworld problems.

•

Understanding Procedures and Time on Task: Remote laboratories provide an
opportunity for students to spend more “time on task”, which can be a significant
advantage for laboratory experiments which are inherently exploratory. The design
should take into account the opportunity to allow students to repeat experiments, vary
parameters, observe their effects, and otherwise structure their own individual
learning experiences.

•

Social and Instructional Resources: In the absence of face-to-face support which is
typical in conventional laboratories, the design of the supporting resources becomes
more crucial.
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•

Student Preferences for Laboratory Formats: convenience is a major driver behind
remote laboratories, however traditional hands-on laboratories are likely to be
preferred for in the teaching of practical skills.

•

Learning Style of Students: Remote laboratories may be especially appropriate for
students possessing a highly visual or highly flexible learning style. Conversely,
students with a preference for a kinaesthetic learning style are likely to respond less
well to remote laboratories.

•

Prior Learning and Experience: In many cases, students’ performance in carrying our
laboratory exercises remotely was substantially improved by a short prior access to,
or even exposure to, the physical laboratory. This appears to be related to the
students ability to conceptualise the physical structure of the equipment.

•

Tutor Assistance: In the remote laboratory, the quality of instructional support (and
initial knowledge) may serve as more important predictors for the motivation and task
success of students versus any gradual difference in instructional method (Lindsay
and Good 2005). However, this said, observations of how students work in a
laboratory setting without tutorial assistance has shown that a combination of desktop
sharing and video chat can be as effective as a support from a local tutor.

•

Group Work and Collaboration: Given the separateness of students undertaking the
remote laboratory, the provision of opportunities for co-operative learning in which
there is group discussion and deliberations can be highly beneficial. However, the
authors note that while most students perceive that group work aided their
understanding, the combination of individual and group work may provide better
educational outcomes.

•

Mental Perception of Hardware Reality: In the remote setting establishing trust that
student-initiated actions are being relayed to the distant site is a prime concern in
order to convey a genuine sense of actually being in the laboratory and preserving
student engagement. Typically there is a different threshold of verisimilitude or
“authenticity” requires to establish the “reality” of the experiment compared to that
required in maintaining the “reality”. This implies that the initial engagement with the
student is the most crucial step.

Numerous other observations are included in the documents included as attachments.

PROJECT OUTCOMES
Material Outcomes
The major material outcomes of this project are:
• A set of USB memory sticks containing key resources related to the
pedagogy of, and effective utilisation of, remote laboratories. These memory
sticks were distributed widely to participants in a number of key conferences
and workshops (see section 2.2 below), and included:
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Resources associated with a number of existing remote laboratory
implementations
o Copies of key references in the field
o The literature review of a the field (included in this report)
o Copies of the student response survey instruments developed as part
of this project
o Materials from the AAEE workshop on remote laboratories
A literature review report identifying key issues and trends within the
literature.
A number of key publications highlighting the pedagogic design issues
identified through this project (see appendix 2).
o

•
•

Sharing of Outcomes / Dissemination
The outcomes have been shared through involvement in numerous workshops and
conferences. Broad-based involvement was supported through a remote laboratories
workshop at the annual conference of the Australasian Association of Engineering
Education (see http://www.cs.mu.oz.au/aaee2007/) which had approximately 25
participants. A subsequent listserv has been established to facilitate ongoing discussion
and collaboration and currently has 35 subscribers.
International input has been supported through organisation and/or participation in a
number of international conferences and workshops which are focused on remote
laboratories, as well as visits to a number of key institutions involved in work in this area
(especially MIT, Carinthia University, Stevens Institute of Technology, and Virginia Tech).
A number of visits by colleagues have also been hosted, as well as online
demonstrations of the approaches – with the aim of supporting the dissemination of best
practice and encouraging the effective creation and utilisation of remote laboratories.
This has included colleagues from USQ, Swinburne, UQ, QUT, UniSA, and UNSW.
To facilitate the dissemination process, the memory sticks described above – containing
a comprehensive set of key resources - have been widely distributed.
The following linkages have emerged as a consequence of this project:
• A strengthening of the pre-existing collaboration between Curtin and UTS,
particularly with regard to sharing of facilities and collection of data on student
experiences.
• Ongoing relationships – and emerging research and development collaborations –
with MIT (Boston, USA), Carinthia (Villach, Austria), Stevens (New Jersey, USA),
and Leeds (UK).
• Emerging collaborations on development of remote laboratories, and investigation
into the learning outcome, with colleagues at Swinburne (on remote supervision)
and UniSA (on student collaboration in remote laboratories).
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Relationship to other projects
This project did not have any substantive connections to other ALTC projects. It has
however been a major input into a pending project which is the subject of an application
for substantial funding from the Diversity and Structural Adjustment (DSA) Fund managed
by the Department of Education, Employment and Workplace Relations. This project,
being managed across the 5 ATN Universities (UTS, Curtin, UniSA, RMIT, and QUT) is
focusing on developing a national approach to the sharing of remote laboratory
infrastructure and expertise. This DSA-funded project aims to have the following key
outcomes:
(1) Identification and development of specific laboratory experiences which are suited to
these technologies – particularly focusing on laboratory sharing - and a set of public
resources which result in flexibility and quality learning outcomes.
(2) Development of improved technical architectures and infrastructure which inherently
support cross-institutional sharing and collaboration (e.g. federated login access control)
which result in overall reductions in laboratory costs.
(3) Development of operational models (such as MoUs and sharing agreements) which
support cross-institutional development and sharing of remotely accessible resources.
The result will be a much greater degree of national collaboration and development.
The outcomes from the ALTC project described in this report will help ensure that this
subsequent work will be solidly grounded in an understanding of the effectively
educational design of remote laboratory experiences.

OBSERVATIONS ON THE APPROACH
Success of the approach taken
Evaluation of the effectiveness of the project in raising awareness of, and broad
engagement with the utilisation of remote laboratories, has only occurred informally
through consideration of emerging activities in this area. Over the duration of this project
numerous new remote laboratory projects have emerged around Australia (with notable
projects at UQ, QUT, USQ, UniSA). A nascent remote laboratories interest group is
emerging with significant cross-institutional collaborations. As discussed above, a
pending project on a national strategy for sharing of laboratory infrastructure should
continue this development.
The most significant factor which supported this success was a highly effective working
collaboration between the team members. All members were actively engaged – both in
the work being undertaken as part of the research project and in the underlying domain
(the use of remote laboratories).
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The only major difficulty encountered was challenges in identifying appropriate staff to
employ to work on the project. In the early stages we struggled to find an appropriate
research assistant to employ on the project. Subsequent to this we also struggled to
obtain appropriate staff to provide support in undertaking data analysis. This was never
adequately resolved, and has limited the quality of some of the data analysis that we
were able to undertake.

Extensibility to other contexts
As discussed previously, the approaches developed in this project, and the knowledge
gained is relevant across all areas where physical laboratory infrastructure is utilised.
Whilst there are clear adoption pathways emerging in numerous institutions related to
Engineering education, we are also keen to see these approaches adopted in other
laboratory- or studio-based discipline areas – including science, health, design,
construction and architecture. The first stages of exploring these possibilities are
currently being carried out at UTS.
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Remotely Accessible Laboratory – Pre-use Survey
Below is a small collection of short-answer questions that we'd appreciate your responses to – these
will allow us to obtain a better understanding of your expectations in respect of the use of the remotely
accessible laboratory. There are no right or wrong answers of course, but please do respond with your
natural “first impression” thoughts.
Thanks.
1. How comfortable are you with the idea of controlling the pneumatic cylinder apparatus with a
PLC?

2. Do you have any experience in controlling this sort of equipment at a distance? If so, what?

3. How would you describe the learning style you normally use when you're using a conventional
laboratory to carry out experiments?

4. What sorts of differences, if any, do you think might be present in your approach to controlling
the equipment remotely, as opposed to having it on a bench top right in front of you?

... continued over

5. Do you think that conducting this experiment remotely will make the learning experience any
less real?

6. Would you say that you're more interested, less interested, or ambivalent to this laboratory
experiment being conducted on remotely accessible equipment?

7. Do you think that using the equipment in this experiment remotely will be any more or any less
beneficial to your learning than running a simulation program on your own computer instead?

8. Are there any other free-form comments that you wish to make? We'd like to hear your
expectations with respect to using the remotely accessible laboratory.

This survey forms part of a research project approved by the Curtin Human Research Ethics Committee (approval number
HR 12/2007). Queries regarding this research project can be directed to Dr Euan Lindsay via email at
e.lindsay@curtin.edu.au. The Human Research Ethics Committee may be contacted at: The Secretary, Human Research
Ethics Committee, Office of Research and Development, GPO Box U1987, Perth WA 6845, (08) 9266-2784
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Remotely Accessible Laboratory – Post-use Survey
Below is a small collection of short-answer questions that we'd appreciate your responses to – these
will allow us to obtain a better understanding of your experience in respect of the use of the remotely
accessible laboratory. There are no right or wrong answers of course, but please do respond with your
natural “first impression” thoughts.
Thanks.
1. How comfortable were you with the idea of controlling the pneumatic cylinder apparatus with a
PLC?

2. What did you think you were meant to learn from this assignment?

3. What is the most important thing you learned from this assignment?

4. How would you describe the learning style you used in this assignment?

... continued over

5. Did you feel like you were controlling real equipment?

6. Where did you do this assignment - from home, from uni, from work?

7. Do you think that using the equipment in this experiment remotely was any more or any less
beneficial to your learning than running a simulation program on your own computer instead?

8. Are there any other free-form comments that you wish to make? We'd like to hear whether you
think your expectations with respect to using the remotely accessible laboratory were met.

This survey forms part of a research project approved by the Curtin Human Research Ethics Committee (approval number
HR 12/2007). Queries regarding this research project can be directed to Dr Euan Lindsay via email at
e.lindsay@curtin.edu.au. The Human Research Ethics Committee may be contacted at: The Secretary, Human
Research Ethics Committee, Office of Research and Development, GPO Box U1987, Perth WA 6845, (08) 9266-2784
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Abstract: Remote laboratories offer new opportunities for students to engage in
laboratory-based learning, providing both increased flexibility and opportunities for
resource sharing. The move from face to face to remote laboratory classes can appear on
the surface to be a simple change of access mode; however there are a wider range of
factors at play in the changed learning environment. These have the potential to
significantly affect students’ learning outcomes – particularly if they are not taken into
account in the design of the laboratory experience. In this paper we discuss a number of
these factors, showing that the change of access mode is a much more complex change
to the students' learning environment.

Introduction
It is readily acknowledged that the environment in which learning takes place, whether online or face to face,
involves a complex array of factors that influence learner satisfaction and achievement (Stein and Wanstreet 2003).
These factors, as they relate to the online learning experience, may include an understanding of the relationships
between the user and the technology, the instructor and students, and the relationships among the students (Gibbs
1998). If it is acknowledged that the determinants of the traditional classroom experience are irrevocably changed, a
significant resultant task is – how do we best assist students to be successful in such a learning context? The
development of remote laboratories during recent times, particularly in the engineering educational field, has seen
many course designers face similar hurdles to those of other researchers in the online and distance education
learning environments.
As a part of the adoption process of remote laboratories into engineering curricula, various authors have made
attempts to determine an appropriate list of “quality indicators” for the online engineering educational experience.
These have often been linked with matters of implementation and design in order that the laboratory experience can
be suitably evaluated. The challenge of identifying appropriate indicators in turn has been approached primarily
from two perspectives, the first being relative to the expectations of students (e.g. Amigud, Archer et al. 2002;
Cohen and Ellis 2002; Patil and Pudlowski 2003); and the latter being driven by course content (e.g. Mbarika,
Chenton et al. 2003). A consideration of these indicators highlights some factors of commonality and importance
that can be considered in the design of online laboratories and assessed during evaluation. These include the level
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and speed of interaction, clear articulation of expectations, timeliness of feedback, and access. Similarly, educational
bodies have also recognised the need to address educational quality in online learning environments. The Sloan
Consortium for instance has identified and adopted five key pillars of quality online learning to be utilised as a
means for creating explicit metrics for online education and gauging progress in the field. These include learning
effectiveness, cost effectiveness, access, student and faculty satisfaction.
In highlighting such factors and relating them to the remote access mode, it is important to note that implicit to this
discussion is how these factors impact learning outcomes and whether or not the remote access modality actually
enhances certain learning outcomes in (engineering) education, in comparison with its traditional face-to-face
counterpart. From a broader perspective, simply referring to the literature to determine an appropriate answer is
inconclusive. On the one hand, there is the proposition that there is no significant difference between the educational
outcomes from students who performed an experiment remotely, versus those who carried out the experiment
proximate to the equipment and apparatus (Imbrie and Raghaven 2005). Such findings are similar in orientation to
the majority of research in web based learning (WBL) which has focused on WBL effectiveness compared with
traditional classroom learning (Barraket, Payne et al. 2001; Bourne, Harris et al. 2005). According to a number of
these studies, there is “no difference effect” in performance between students enrolled in the two environments
(Ogot, Elliot et al. 2002; Ogot, Elliot et al. 2003; Tuttas, Rutters et al. 2003; Corter, Nickerson et al. 2004). The
alternate view however proposes that students’ performances on different criteria can vary depending upon the form
of access used and that indeed some outcomes appear to be enhanced by non-proximate access modes, whilst others
seem to be degraded (Lindsay and Good 2002; Taradi, Taradi et al. 2005).

Factors affecting educational outcomes
Discussion of modality then as an explanatory note regarding educational outcomes must relate to their intrinsically
multi-dimensional nature in order to provide a more complete understanding of how learning is impacted,
particularly as it relates to the provision of remote laboratories. Such factors provide possible explanations as to why
remote and simulated laboratories may appear to do as well or better than traditional hands-on (i.e. proximate)
laboratories in promoting certain educational outcomes.
Understanding Procedures and Time on Task
According to students’ responses, a significant proportion of time and attention in traditional laboratories must be
devoted to understanding the procedures to be followed and to setting up and taking down equipment. In turn, less of
the students’ focus can be given to developing conceptual understanding of how the data and relevant
theories/concepts relate. However for students performing the remote and simulated based laboratories, the notion
of increased exposure, in which there is more “time on task” during the data acquisition phase represents a
significant advantage. In the technology enabled laboratory setting, there is a greater opportunity to collect data
individually and in turn, students (presumably) have more opportunities to repeat experiments, vary parameters,
observe their effects, and otherwise structure their own individual learning experiences. As a direct consequence,
this should lead to an improvement in the development and assimilation of relevant knowledge in those students that
are exposed to such laboratory formats (Corter, Nickerson et al. 2007).
Social and Instructional Resources
Students’ use of social and instructional resources differs in the non-traditional laboratory formats (Corter,
Nickerson et al. 2007). Many students in the simulated laboratories were relatively unhappy with the provided
instructions on operating that technology and in turn more readily sought out the assistance of TAs, fellow students
and instructors. The possibility of misunderstood instructions or a lack of (students’) experience with the equipment
aside, the relative success of the simulation labs in terms of learning outcomes may then be a result of students being
forced to interact to a greater degree. As a consequence, there is a need to consider further the impact of the quality
of instruction or the availability of instructor assistance, as well as the provision of access to asynchronous
communication media (see Tutor Assistance and Group Work and Collaboration).
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Student Preferences for Laboratory Formats
Of interest, student preferences for certain laboratory formats in some way reflect the advantages that are inherent to
these access modes. For instance, remote laboratories are especially appreciated by students for their convenience,
ease of setup and the relatively modest time required running the laboratory. Similarly, the unique advantages of
simulation laboratories are reflected in their higher ratings for presence and realism measures, an outcome which is
believed to be due to the perceived realism of the exercise as facilitated by the students’ capability to interact with
the display in the simulation, by changing views, sensor points, etc. With regard to traditional hands-on laboratories,
there is some argument for a preference in the teaching of practical skills. Traditional hands-on laboratories may
indeed represent the only feasible manner by which students can learn such skills and this may well explain
students’ ratings of proximate laboratories as having higher learning effectiveness versus remote or simulation
laboratories (Corter, Nickerson et al. 2007).
Learning Style of Students
The style of learning employed by students plays a significant role in the educational pathway and teaching (Corter,
Nickerson et al. 2007). Although it has not always been clear as to the causal relationship between learning style and
academic performance, students are likely to be prone to certain learning preferences which ultimately impact their
relative motivation and satisfaction in a learning environment. This includes the notion that a students’ cognitive
style can affect their preferences for educational media, including their interactions with hands-on versus remote
laboratories. As such, effective pedagogy must employ a multitude of modalities that addresses various learning
styles and preferences. In particular, instructional materials presented in a variety of formats that are aligned to
student preferences are more likely to engage and maintain student attention and be conducive to learning.
One such model that has seen some attention in the literature regarding remote laboratories is the VARK Learning
Preferences Theory. The VARK model supports the notion that there are four sensory preferences utilised by
students including Visual, Aural; Read/Write, and Kinaesthetic. The use of the VARK in the literature regarding
engineering laboratories has thus been predicated on its relative strengths. For instance, in an assessment of one
hundred laboratories to establish a small set of properties that any successful web-enabled laboratory needs,
Amigud, Archer et al. (2002) observed that VARK support was one of the top ten vital components of such
laboratories. These authors contend that the VARK model is an appropriate model to utilise as students use different
learning styles in their educational path. Latter work has considered how students’ sensory preferences impact their
interaction with laboratory access mode. Corter, Nickerson et al. (2004) correlated VARK subscale scores with
various student preference and satisfaction measures to determine the possibility of students being kinaestheticallyoriented as relevant to predicting student success with remote laboratories. They found that a Total VARK score
(claimed to measure comfort with multiple modalities of information) did predict higher ratings of effectiveness for
the remote laboratories versus hands-on, and also predicted a lower rating of the importance of physical presence in
the laboratory (as did the visual style subscale score). These findings replicated those of earlier work which
concluded that remote laboratories may be especially appropriate for students possessing a highly visual or highly
flexible learning style.
Prior Learning and Experience
The importance of prior exposure to information relevant to the laboratory experience of students has been
highlighted in the work of Ogot. (2004). In this study, results indicated that there were significant differences
between the remote subgroups that did and did not have an hour’s access to do the pre-laboratory, with those that
were provided with access performing better. The work of Bohne, Faltin and colleagues has also highlighted the
importance of prior experience. Describing this quantity as “initial knowledge”, these authors considered prior
experience in terms of it being linked to the issue of self-directed learning such that a lack of relevant knowledge (in
this case knowledge of Java programming) would equate to problems with self-directed learning and the need for
special support from a tutor. Conversely students with experience in programming will be able to work mostly
independently as their level of prior experience facilitates a degree of autonomous learning.
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Tutor Assistance
A significant limitation in many remote laboratories is the lack of tutor assistance experienced by students (Bohne,
Faltin et al. 2002). The importance of such a factor is accentuated in the learning environment of the remote
laboratory particularly as social cues are not as prominent and there is not necessarily a high social relatedness
between tutor and students (Faltin, Bohne et al. 2004). Although a distinct advantage of remote laboratories is that
they provide students with the opportunity for self-directed learning in which independent, asynchronous,
unsupervised access to hardware is the norm, it has been pointed out that the presence of an expert mentor is critical
in the area of learning by doing. The laboratory setting provides an example of a learning environment in which
instructional support can be critical to the learning process of students. In the remote laboratory then, the quality of
instructional support (and initial knowledge) may serve as more important predictors for the motivation and task
success of students versus any gradual difference in instructional method (Lindsay and Good 2005). However, this
said, observations of how students work in a laboratory setting without tutorial assistance has shown that a
combination of desktop sharing and video chat can be as effective as a support from a local tutor. Such a
combination makes for a communication and collaboration framework that provides a high quality of instructional
support in a remote laboratory with tele-tutorial assistance (Faltin, Bohne et al. 2004). Of course, it should be noted
that the change from supervised to unsupervised learning in the laboratory setting facilitates a substantial effect upon
the learning experience, an effect which Lindsay and Good (2005) have argued is above and beyond any difference
that can be accrued to that of simply changing access mode.
Group Work and Collaboration
Of parallel interest is the issue of distributed group work. One of the characteristics of both distance learning and
similarly the remote laboratory experience is that students often do not share the same space and therefore do not
have the opportunity to share information to the same extent as their counterparts who work side by side in hands-on
laboratories. Without support for communication, students undertaking a remote laboratory are faced with a very
strong sense of isolation. In order to address this sense of separateness, there is a need to establish a social protocol
through which students may linger, talk about their findings, help each other, and form collegial relationships. Such
opportunities for collaborative learning in combination with active presence and users having complete control over
the environment and the freedom to determine which action to take immerse students in a process of active learning.
Aktan, Bohus et al. (1996) point out that the three criteria for a successful distance learning application designed for
laboratory teaching include i) active learning, ii) data collection facilities and iii)safety.
In an attempt to determine how a collaboration process is related with meaningful learning in the laboratory context,
Ma (2006) considered students interactions with their group members in both hands-on and remote laboratories. By
focussing on time (synchronous and asynchronous), place (co-located and distributed) and collectivity of the group
(how groups structure their work: individually or collectively) in order to capture the nature of group interactions in
laboratories, Ma (2006) observed that different collaboration designs were adopted by different student teams. These
designs included integrated collaboration, responsive collaboration and isolated collaboration as defined by
interaction intensity and closeness between group members. The results of Ma’s (2006) work suggest that many
factors, such as geographic distance and relationship histories between group members, (which are less important in
hands-on laboratories), may become critical factors in determining the way students communicate and collaborate in
remote laboratories.
Research by Nickerson, Corter et al. (2006) also found that there was a great variability in the strategies employed
by student laboratory groups toward remote laboratories. While some student groups would meet in a dormitory
room and run the remote laboratories together, other groups would break up, run the experiments separately and then
reconvene the next day to discuss the results. However, in this instance, the authors do not provide an explanation
similar to that of Ma (2006), instead simply proposing that students much prefer communication between
themselves regarding any problems they may encounter versus with faculty staff. Whether there was some impact
due to the depth of relationships between students was not explored.
Corter, Nickerson et al. (2007) noted that differences in laboratory formats led to changes in group functions
particularly in terms of coordination and communication between students. For example, students did less face-toface work when engaged in remote or simulated laboratories as they usually ran laboratories individually in the data
acquisition phase. In hands-on laboratories however, often only one student interacted with the laboratory apparatus,
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while the remainder of the group observed. Depending on what is considered to be the most important outcome of
the laboratory (i.e. witnessing the actual physical experiment as in the hands-on situation, versus individual
interaction and potential for multiple runs of the procedure as in the simulation and remote laboratory scenario), it is
postulated that the latter reasoning may be an observed advantage in learning outcomes for remote and simulated
laboratories. This said, the authors also propose that possibly most of the learning for a laboratory experience takes
place after the actual laboratory session, when results are compiled, analysed and discussed. Given the separateness
of students undertaking the remote laboratory, the provision of opportunities for co-operative learning in which there
is group discussion and deliberations can be highly beneficial. However, the authors note that while most students
perceive that group work aided their understanding, the combination of individual and group work may provide
better educational outcomes. As an improvement on all-group work for instance, it may be best for the interactive
hands-on experience of individual experimentation to be followed by group discussion of the results. In this regard
the mix of individual and group work may be more important than the specific technology platform used.
Interaction
Implicit to any discussion of tutor assistance and group work and collaboration in the remote laboratory setting, is an
understanding of interaction. Interaction has been noted as a defining and critical component of the educational
process and context (Ng 2007) and has received much attention in the literature regarding learning theories with a
particular focus on active learning that promotes an increase in learning effectiveness. In describing active learning,
two contexts for interaction have been identified: individual and social. The individual context refers to interaction
between the individual learner and learning material. The social context refers to interaction between two or more
people and learning content, and supports collaborative theories of learning.
Interaction has commonly been addressed as a key issue facing program designers, particularly in the distance
education field. In an attempt to improve the quality of the learning experience in distance learning environments
and enhance learning outcomes and student satisfaction, many distance educators have incorporated collaborative
learning methods among students. This is particularly in light of research findings that show that students benefit
significantly from their involvement in small learning groups and that students are more motivated when they are in
frequent contact with the instructor.
While the lack of face to face contact between instructors and students is perceived by many administrators and
faculty as a significant drawback in the delivery of distance education, it has been observed that two way distance
education systems which promote high levels of interactivity and user control are best suited to instructional needs
(So and Brush 2006). Deep and meaningful formal learning then is supported as long as one of the three forms of
interaction (student-teacher, student-student, student-content) is at a high level. The other two ways may be offered
at only a minimal level or even eliminated, without degrading the educational experience. The term “equivalency of
interaction” has been used to describe this perspective on interaction as it relates to online learning.
The effectiveness of the interactive learning experience however is not simply influenced by the level or form of
interaction and is subject to a range of diverse and complex factors (Ng 2007). It has been argued that the essential
determinants of the success of interactive, computer-enhanced learning environments include an increased level of
participation on the part of learners and the creation of learning opportunities more aligned to the characteristics and
preferences of individual users. This has been supported in other work which has found that student-teacher and
student-student interaction is critical to successful online learning, whereby frequent, positive and personal
interactions assist in bridging the communication gap created when face-to-face courses are moved online.
Opportunities for high levels of participation were also seen as a key course design feature for promoting learning.
In particular, courses which encouraged equitable exchanges of ideas, in which the contributions of all students were
valued, were seen as the preferred option.
Mental Perception of Hardware
Students’ engagement with hardware which is present in front of them in a hands-on laboratory can be quite
different to hardware which is located elsewhere such as in another room. This difference in engagement can
significantly alter the nature of their learning experience (Yarkin-Levin 1983). Similarly, the feedback received by
students can differ substantially between a hands-on laboratory versus its remote counterpart. While in the former
instance, students’ interactions with the hardware is technology mediated, there still exists the opportunity for them
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to inspect the hardware itself minus this mediation. In remote laboratories however, all of the students’ interactions
including the processes by which they establish their understanding of the hardware, are moderated by the
technology (DeVries and Wheeler 1996), leading to a situation in which the student may question the reality of the
experimental experience (Lindsay and Good 2005). In the remote setting then, establishing trust that studentinitiated actions are being relayed to the distant site is a prime concern in order to convey a genuine sense of actually
being in the laboratory (Lindsay and Good 2005) and preserving student engagement. As students like to perceive
and influence reality (Bohne, Faltin et al. 2002), the need to consider the issue of presence and more particularly
how to address the critical challenge of establishing presence through the mediation of technology is of paramount
importance (Aktan, Bohus et al. 1996).
Presence
The concept of presence has seen a great deal of attention in the literature regarding online learning environments
and distance education, and is of particular relevance to the remote laboratory given the issue of separation of the
learner and the equipment, and the impact this has on the learning experience of students (Tuttas and Wagner 2001).
Such separation occurs in terms of both physical and psychological distance, with the literature on distance learning
illustrating that both are equally important in determining the effects of separation, with the possibility that
psychological distance may be more meaningful (Lindsay, Naidu et al. 2007).
Various attempts to explain the concept of presence have been made. The simplest definition of presence is that it is
the sense of being in a place. However it is true to say that various other interpretations of presence have arisen over
time in the literature. Most recently, Lee (1998) has defined presence as “a psychological state in which the
virtuality of experience is unnoticed”. Given these varied approaches to presence, it is important to note that in
qualifying an individual’s perceptions of others in a different place and time, two commonly discussed constructs in
the literature on presence have included telepresence and social presence. Telepresence has been defined as
involving a user’s sense that remotely located people or machines are working as expected so that they can control
them without being physically present at the place. Telepresence is particularly useful when working in potentially
hostile environments (e.g. mines or underwater) or when performing difficult surgical operations (Mandernach,
Gonzales et al. 2006). Social presence on the other hand has been defined as the degree to which a person is
perceived as “real” in mediated communication. As communications media vary in their degree of social presence,
these variations are important in determining the way individuals interact. The degree of social presence of a
communications medium is determined by the capacity of the medium to convey information about various factors
including non-verbal cues - facial expression, direction of gaze, posture, dress etc. In a remote or distance learning
environment, establishing social presence is a more challenging task, although not impossible. A third construct,
Instructor presence, has also seen some discussion, particularly given that it is central to a consideration of the
effectiveness of online learning and is related to discussions of social presence. The importance of the instructor in
learner efficacy can not be understated and instructor presence forms a key distinction between online versus
traditional education (Garrison, Anderson et al. 2000). Whereas traditional instructors may readily utilise their
physical presence to signal their active involvement with a class, online instructors can't afford such subtlety and
must actively participate in the course to avoid the perception of being invisible or absent. Of course a sense of
presence or feeling of community does not just occur in an online environment, nor can it be mandated by an
instructor/facilitator. However, the instructor can play an important role in facilitating a sense of presence through
the implementation of various strategies and techniques which serve to increase feelings of connection and
belonging as students adjust and adapt to such an environment.

Conclusions
Remote laboratories offer new opportunities for students to engage in laboratory-based learning. The increased
flexibility of access provides a solution to the logistical challenges of both students and institutions, enabling greater
utilisation of limited resources. Whilst these benefits are usually ascribed to a simple variable – a change of mode –
the reality of the situation is far more complex. The move from face to face interaction to a remote interaction
involves changes to a wide range of elements in the learning environment. Many of these changes have already
been shown to impact upon the learning outcomes of the students; many more are yet to be explored.
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The reality of the situation is that a change to remote laboratory access is a sophisticated and complex shift – the
single-dimensional variable, “Mode”, is in fact an aggregation of a myriad of other important variables. Similarly
there are a wide range of intended learning outcomes from laboratory-based instruction, each of which depends upon
some or all of the (sometimes competing) facets of the learning environment.
Students’ interactions with the laboratory-based learning environment constitute a complex system, and the design
of these environments – whether remote or face to face – needs to account for the way in which the many important
aspects interact. The simplistic model – shifting from “Face to Face” to “Remote” masks the true complexity of the
situation, and compromises the potential educational value of remote laboratories. An awareness of all of the factors
involved is necessary to get the full value from these learning experiences.
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Abstract: Remotely accessible laboratories are an increasingly popular innovation in
engineering education. Since 2001, The University of Technology, Sydney has
implemented a number of remotely accessible laboratories. This paper presents an
analysis of students’ feedback responses to their use of the laboratories. The responses
show that students not only appreciate the flexibility of the remote access option, but also
that they feel that the remote option encourages them to take a deep learning approach to
the material.

Introduction
Remote laboratories allow students to conduct practical laboratory exercises with real equipment
without being physically present in a conventional laboratory. This is different to simulated
laboratories that do not use real equipment. The flexibility that comes with twenty four hour seven
days a week access to remote laboratories has the possibility to change teaching and learning in the
ways of practical assignment/project design; students’ opportunities to do more practice/additional
experiments to help reinforce concepts and provide further understanding; access to state-of-the-art
equipment; more effective lab management, etc.
In June 2001, the Faculty of Engineering at the University of Technology, Sydney (UTS), decided to
pursue a strategic focus directed toward developing remotely accessible laboratories for undergraduate
engineering courses. Five remote laboratories have been developed and used in various undergraduate
subjects (Lasky et al. 2005; McIntyre et al. 2006).
When moving to a new teaching approach, it is important to ensure that this approach still leads to the
required learning outcomes for the students. In order to assess whether these remote labs are adequate
for student learning, three surveys were conducted in the Autumn and Spring semesters in 2006. This
paper presents the survey instrument, analyses student feedback, and summarises student comments to
show their perceptions not only of their access to the hardware, but also of their learning within the
remote laboratory context. Section 2 in this paper briefly introduces the two remote laboratories.
Section 3 covers the numerical data gathered by the surveys, and section 4 deals with the open-ended
responses of the students. The last section is conclusion and remarks.

The UTS remote PLC and water-level control labs
This paper deals with two of the UTS remote laboratories – the Programmable Logic Controller (PLC)
laboratory, and the water level laboratory. These laboratories are designed for mechanical and
mechatronic engineering students, and have been used in the teaching of subjects “Advanced
Manufacturing”, “Dynamics and Control” and “Mechatronics 2” since 2006.

The Remotely Accessible PLC Laboratory
There are six PLC test rigs with each consisting of two electro-pneumatic cylinders, two valves, one
Allen-Bradley PLC (MicroLogix 1200) and NetENI Ethernet module (Figure 1). Two reed sensors are
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installed in each cylinder to measure the piston position. One camera and a microphone are used to
take the video and sense the sound of piston movement, respectively. The NetENI module is
connected to both the PLC and a private PLC Ethernet network. The rig is monitored by an Apple
iSight™ firewire webcam, providing video and a Macmice Micflex™ USB microphone providing
audio. These are connected to the server (Lasky et al. 2005). Ladder logic diagrams can be developed
in the RSLogix programming environment and then downloaded to the PLC for controlling the
movement of the two pistons.

PLC

Sensor 1

Sensor 2

Piston 1

Valve 1&2

Piston 2
Sensor 3

Sensor 4

Valve 3&4

Figure 1: (a) Remote PLC lab and (b) User interface (Lasky 2005)
This remote lab allows students to write programs for PLC to interact with pneumatically driven
cylinder apparatus. Students can view streaming video over the Internet, which provides them with
visual feedback on the effectiveness of their programming.

The Remotely Accessible Water-Level Control Laboratory
The coupled tank apparatus, purchased from Kent Ridge Instruments, consists of two tanks, two
pumps, two level sensors and a reservoir as shown in Fig.2. The two tanks are connected together via a
small opening at the bottom of the tanks. Water flows into the top of the first tank, and into the second
tank via the small opening. The water then flows out of the second tank and into a reservoir via a valve
at the bottom of the tank. The two pumps and two levels sensors on the coupled tank apparatus are
connected to the analogue voltage outputs and inputs of a LabJack data acquisition board. Two
cameras and a microphone are used to provide visual and audio feedback. The user can access this via
the Remote Laboratory webpage, where they can watch the live feed using Windows Media Player or
Apple’s QuickTime player. For low bandwidth connection users have the option of viewing static
JPEG snapshots that can be refreshed by clicking the image with their mouse. Audio feedback is
provided using a MacMice MicFlex microphone (McIntyre et al. 2006).
In this laboratory, a computer-based control system can be developed and tested by the students which
manages the water levels in two coupled tanks that are fed by water pumps. Again, the students
observe real-time video and audio signals over the Internet which provides feedback.

(a)

(b)

Figure 2: (a) Remote water-level control lab and (b) User interface (McIntyre et al. 2006)

Proceedings of the 2007 AaeE Conference, Melbourne, Copyright © Lindsay, Liu, Murray and Lowe, 2007
2

Lindsay, Liu, Murray and Lowe, “Remote laboratories in engineering education: trends in students’
perceptions”

Quantitative Responses
The remote PLC lab and the remote water-level control lab were used in 2006 Autumn and Spring
semesters. The students were asked to respond to each of the following questions, using a 1-10 scale:
1= very poor/strongly disagree, 2-4 = poor/disagree, 5 = Neutral, 6-9 = good/agree, 10 = very
good/strongly agree:
1. How do you rate the overall performance of the remote PLC lab?
2. Is it easy to use the user interface?
3. Did you find it easy to open and view the live video feed?
4. Didn’t you feel a degree of isolation between the physical system and you?
5. Did the information provided in the User Guide allow you to easily set up and run the
experiment?
6. "While you were using the remote PLC lab, did you feel like you were operating real
equipment?"
7. Did the remote PLC lab help you understand the practical aspects of PLC control system?
8. Did the ability to spend extra time on the experiment allow you to re-enforce the concepts
learnt in class (imagine you have ten minutes only for the experiment if you physically do the
experiment in the real lab)?
9. Did the ability to spend extra time conducting additional experiments allow you to further
your understanding of PLC control and programming (imagine you have ten minutes only for
the experiment if you physically do the experiment in the real lab)?
10. Did the flexibility of the remote PLC lab allow you to fit the laboratory work into your
schedule
11. "Based on your experience using the remote PLC lab, do you prefer to use the remote lab in
the future?"
12. Do you suggest us to develop more remote labs?
13. Do you think the UTSOnline discussion board helps in solving your problems while you are
using the remote PLC lab?
14. Does the user guide provide sufficient information you need for the experiment?
Student responses to Questions 1 to 14 after they used the two remote labs (PLC: remote PLC lab and
WLC: remote Water Level Control lab) are shown in Figure 3. It can be seen that student feedback is
overall positive to all the 14 questions with many of them ranked over 8 out of 10. The responses to
Questions 4 and 13 are not as good as those to other questions. Students feel a degree of isolation
between the physical system, and that UTSOnline discussion board does not help very well in solving
your problems while they are using the remote labs. Students would like to get their questions
answered immediately.
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Figure 3: Student survey
Figure 3 shows that there is agreement to most of the questions. The flexibility-related questions as
well as the pedagogically-related questions consistently show average agreement values of 7 or higher.
This shows that students value the flexibility, but they also feel that the remote implementation is
supporting their learning.

Qualitative Feedback
In order to provide scope for more rich feedback, and to promote the students’ reflection about their
own learning, students, who used the remote PLC lab in Autumn 2006, were also asked the following
open ended questions:
1. What did you like about the remote PLC lab?
2. Suggested Improvements?
3. How do you feel that the remote PLC lab affected your learning outcomes for the subject
(imagine you have ten minutes only for the experiment if you physically do the experiment in
the real lab)?
4. How did the remote lab change the way you learnt compared to conventional laboratories?
5. What problems with the remote lab did you experience while using the remote PLC lab?
There were a wide range of responses to these open-ended questions, but some definite themes
emerged.

Flexibility of Access
The flexibility themes were strongly represented, with 77 % of students explicitly mentioning some
aspect of flexibility as a positive. The responses emphasised asynchronous scheduling:
“It made a great difference I like being able to spend time to do the experiment in my own time”
There was also an emphasis on the ability to take longer to complete the laboratory:
“Allowed more time to understand without the pressure of having to take it all in.”
This appreciation of the flexibility was tempered by frustrations with the remote interface. Students
had many comments on the interface as a negative – the desktop should have been configured better,
there were problems with video lag etc. These responses are consistent with transparency statements
from elsewhere (Givens and McShea 2000; Lindsay and Good Submitted).
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There was, however, one counter example suggesting that the transparency isn’t necessarily perceived
as critical for the students’ learning:
Although the remote lab didn’t feel as ‘real’ as the actual lab, (I couldn’t get the live video to work) I
didn’t care about this. Its benefits in flexibility far outweighed this, and the remote lab gives the same
results anyway

Nature of the Learning Experience
The students also commented on a range of pedagogical issues, which shows an awareness of the
changed nature of the learning experience. The social context of the laboratory appeared in a number
of the responses, with students commenting on the lack of a laboratory demonstrator, or their
colleagues:
“The only thing was the lack of interaction with lab assistants which is always interesting to talk to
someone who works with the equipment.”
“Can not discuss with others, can’t make sure on the right track or not so have to compare answer
with others.”
“A negative would be the fact that there is no lecture supervision, preventing me from asking more
questions as they came to mind during the experiment. I believe such a lab should be used after a
demonstration in a real lab to allow students to communicate personally with the lecturer.”
The absence of the social context is one of the key challenges facing the development of remote
laboratories, and the move from group work to individual work has significant consequences for the
nature of the learning (Lindsay et al. 2007). Not all students were upset at the loss of the social
context, however – one self-directed learner had this to say:
“Was able to spend more time experimenting for myself rather than listening to an expert tell us what
would happen.”

Approach to the Lab
Student responses indicate that they had taken a changed approach to the lab – that they were engaging
differently with the learning experience. In particular, they seemed to show a more reflective
approach to their learning:
“In conventional labs you pretty much write down the results and think about what actually happened
afterwards. With the remote lab you watch the first result, and then alter your settings depending on
what your outcome is. It makes it a lot easier to clarify a misunderstanding of the theory”
“it was possible to test hunches and just generally much around with the equipment and see what
happened.”
In addition to the remote access changing the way in which students go about tasks that they could
otherwise perform in a hands-on laboratory, one student also identified a possible paradigm shift in the
laboratory. The remote access mode is inherently computer-mediated, which provides new options for
the recording of information:
“It was easy to type up the report as I go, instead of waiting till the experiment was finished, then
forget what happened, and then try to write up a report from my notes.”
The remote access mode is offering new options to the students – options that either were previously
unavailable to them, or options that they had previously not chosen to take.

Move to deeper understanding
Perhaps the most pleasing theme to emerge from the students responses was an apparent shift towards
deeper learning outcomes. A number of students indicated that the remote access mode had
encouraged them to learn more, rather than to just pass:
“Instead of only to achieve the subject outcome, we can further discover knowledge with time.”
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“Gave more time to learn the concepts, was a more relaxed environment in which to learn and
allowed the student to take responsibility for the undertaking of the laboratory.”
“The lab lets you practice the experiment many times and compare the results in order to have a more
fundamented idea.”

Conclusion and remarks
Overall, the students respond positively to the remote laboratory implementations. A more fine
grained analysis shows that this positive response extends across a number of aspects of the learning
experience. Students appreciate more than just the flexibility of access – their appreciation is more
than just a convenience. They see that the remote access mode transforms the learning experience,
offering options (eg increased time, ease of recordkeeping) that are not available in a traditional handson on laboratory. They feel that these options have encouraged them to achieve deeper learning
outcomes, and have improved the overall educational experience.
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Abstract
Remote and virtual laboratories are increasingly prevalent alternatives to the face to face laboratory
experience, however the question of their learning outcomes is yet to be fully investigated. There are
many presumptions regarding the effectiveness of these approaches; foremost amongst these
assumptions is that the experience must be “real” to be effective.
Embedding reality into a remote or virtual laboratory can be an expensive and time consuming task.
Significant effort has been expended to create 3D VRML models of laboratory equipment, allowing
students to pan, zoom and tilt their perspective as they see fit. Multiple camera angles have be
embedded into remote interfaces to provide an increased sense of “real-ness”.
This paper shows that the necessary threshold for reality varies depending upon how the students are
interacting with the equipment. There is one threshold for when they first interact – the Establishment
Reality – which allows the students to familiarise themselves with the laboratory equipment, and to
build their mental model of the experience. There is, however, a second, lower, threshold – the
Maintenance Reality – that is necessary for the students’ ongoing operation of the equipment.
Students’ usage patterns rely upon a limited subset of the available functionality, focussing upon only
some aspects of the reality that has been originally established.
Keywords: Virtual Laboratory, simulation, student perceptions, verisimilitude

1. INTRODUCTION
Remote and virtual laboratories are increasingly prevalent alternatives to the face to face laboratory experience,
however the question of their learning outcomes is yet to be fully investigated. There are many presumptions
regarding the effectiveness of these approaches; foremost amongst these assumptions is that the experience must
be “real” to be effective.
The creation of a realistic simulation is not a simple process. It requires experts who understand the physical
phenomena being simulated. It requires experts who can build an accurate model of these phenomena. It
requires experts who can build an interface to this model. Each of these tasks requires different skills, often from
different people, and as the required verisimilitude of the simulation increases, the complexity of each of these
skills increases.
It is possible to achieve high degrees of realism in a simulation, but it is an expensive process. Each of the
experts involved needs to be paid for, as do the computer resources used in the development of the software. For
complex simulations there is further expense when they are implemented – high end computing resources
become necessary to make the software function. Some highly sophisticated simulations – such as flight
simulators for pilot training – require dedicated physical infrastructure for their use, further increasing the cost.
Embedding reality into a remote or virtual laboratory can be an expensive and time consuming task. Significant
effort has been expended to create 3D VRML models of laboratory equipment, allowing students to pan, zoom
and tilt their perspective as they see fit. Multiple camera angles have be embedded into remote interfaces to
provide an increased sense of “real-ness”. There have been a wide range of impressive simulations, ranging
from wind tunnels [1] to virtual refineries [2]. The investment of time, energy and money into these simulations
shows that there is a clear perception that the increased realism of sophisticated simulations is worthwhile.
Whether this is in fact the case bears further inspection.
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2. THE EFFECTIVENESS OF REALITY
There is a widespread presumption that a realistic simulation is a more effective learning experience. There are
certainly good grounds for this presumption; however the desire for the simulation to be realistic is in fact a
simplification of a number of other objects that correlate well with realism.
Students must be able to anchor what they are learning into their prior knowledge [3], much of which will have
been learned in a “real” context. Thus, a realistic experience will reduce the cognitive dissonance, and facilitate
the assimilation of new knowledge. If the students have real experiences in which to anchor new knowledge, it
is logical that it will be easier if these new experiences are themselves real.
Fidelity is an important aspect of establishing the presence of the simulation. Fidelity impacts on the learner’s
ability to transfer the knowledge they have learned. As practicing engineers, the contexts in which they will
need the knowledge will be real, rather than educational simulations. Learners transfer better in high fidelity
situations, but if they do not learn in the first place, then there can be no transfer [4]. This is the risk of high
fidelity simulations - “Increasing fidelity, which theoretically should increase transfer, may inhibit initial
learning which in turn would inhibit transfer” [4].
A simulation with too much fidelity – such as an aircraft cockpit with hundreds of controls and masses of
feedback – can be overwhelming to a learner, particularly an inexperienced learner. Another example of where
higher levels of fidelity are inappropriate was raised by Aldrich, who observed that the best selling bird-watching
guides use illustrations of birds rather than photographs [5].
There is an additional danger in the use of simulations that students lose sight of the real hardware being
simulated, and instead get caught up in the “computer game” attitude towards the software [2]. This issue –
whether the students focus on the equipment being simulated, or the interface of the simulation, is known as
transparency. If the simulation is transparent – and thus, by implication, more “real” – then the students are
focusing upon the real physical phenomena, rather than the artificial environment of the simulation.
A more realistic simulation offers many advantages in light of these desirable outcomes – the mental distance
between the learning experience and the students previous and future experiences is lower. In these instances
reality is good, but it must not be reality for reality’s sake – the “real-ness” of the simulation must be focussed to
achieved the desired outcomes.
An important tool for learning through experiments is how students deal with contradictions between their
expectations and their observations. If the data they collect does not match their expectations, then they must
address their discrepancy. Students can question their data, and retake measurements. Alternatively, they can
question their expectations, and change their understanding of the phenomena. It is this evolution of
understanding that is the objective of the laboratory exercise.
With a simulation, there is an additional third option – to question the accuracy of the simulation. Students are
able to question whether the data is an accurate representation of reality, and in doing so avoid having to
question their own mental models of the physical phenomena. The greater the sense of reality the students
experience from the simulation, the less likely they are to fall into this trap.
The challenge is to ensure that the simulation is able to provide a level of reality that best fits the needs of the
students. Too simplistic and there is a risk that the transparency will be compromised, and the simulation
becomes a computer game. Too complex and there is a risk that the students will be overwhelmed with
information. The challenge is further complicated by the way in which students’ needs change over time.

3. THE STAGES OF REALITY
The core objective is to ensure that the level of verisimilitude matches the needs of the students as they operate
the simulation. The challenge is that the needs of students vary over the course of their use of any given
simulation. Their use can be broadly split into three phases – initial use, regular use, and expert use.
In the initial use phase, students encounter the simulation for the first time. Everything is new to them, and they
need to familiarise themselves not just with the physical phenomena being modelled, but also with the interface,
the experimental procedures and a range of other potential factors. The use of standardised interfaces across a
suite of simulations can help reduce the burden of learning a new interface, but ultimately this orientation is
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unavoidable. Students are learning in this phase, but this learning is mostly preparation for the objective-specific
learning in the regular use phase.
In the regular use phase, the students have familiarised themselves with the simulation interface, developed a
mental model of the physical phenomena, and are now able to explore how changing input parameters leads to
changes in the output parameters. In this way the students can address the objective-specific learning outcomes
of the simulation.
In the expert use phase, the students seek to make their use of the simulation more efficient and effective. This
phase is also characterised by students finding more efficient ways to implement functionality that they are
already used – they seek short cuts through the simulation.
There is not a crisp distinction between the three phases, and students will move backwards and forwards
through the phases. Indeed, the expert use phase will involve exploration to find new short cuts, which is a form
of exploration similar to the initial use phase. The needs of the students are different in each of these phases.
A simulation provides students with a range of interaction options – they have many branches in the pathway in
which they interact with the software. In the initial user phase, the students’ objectives are familiarisation with
the simulation, which requires them to travel through many of the branches, forwards and backwards. As they
become increasingly familiar with the simulation, they will identify which of the branches they require most
often, and start to identify how some of these branches link up to provide the functionality of the simulation.
In the regular use phase, the students tend to stick to the same regular pathways through the software. They have
identified how to change parameters, how to collect output data, how to change perspectives of on-screen
imagery, and now they use these skills to explore the physical phenomena. What they are doing in this process
is reducing the range of pathways they take through the simulation – they are unconsciously making options in
the simulation redundant.
In the expert user phase, the students consciously seek to make pathways in the software redundant. Rather than
stick to their existing pathways, they look for newer, shorter pathways, and having found them, they no longer
use the old approaches. Richardson et al [6] illustrated this clearly with their simulation of an electronics
workbench, in which students could use hotkeys to snap directly to specific views of the equipment. While in
the initial use phase, students were happy to pan, zoom and tilt their way across the workbench. They then
quickly moved to the expert phase, where they chose specific views of the equipment, and then used hotkeys to
swap between them – abandoning the pan, zoom and tilt functions completely.
Richardson’s pan, zoom and tilt functions are largely redundant once students become familiar with the software,
but they form a critical part of the students’ initial use of the simulation. These functions are essential to help
establish the reality of the simulated workbench, but are largely redundant in the maintenance of this reality.
The reality will persist as long as the transparency of the interface remains, and it is only when the simulation
prevents an option to the user that the transparency will suffer. Many of the paths through the simulation are
only used in the initial familiarisation stage, and as such they are only necessary in that phase. Once the students
become familiar with the simulation, they narrow down the range of pathways that they use – potentially
allowing for these pathways to be removed without the students noticing, and thus without a loss of transparency
or reality.

4. DIFFERENT REALITY THRESHOLDS
Students have different learning objectives in the different phases of their use, and these manifest in different
usage patterns as they become more familiar with the simulation. Indeed, sometimes students will deliberately
compromise the reality of the simulation as part of their expert user phase. This was observed by Koretsky et al
[7] with their virtual silicon wafer factory, in which students must set the parameters for the silicon deposit
process, and then test the wafers that are produced. The virtual factory contained separate interfaces for the two
operations, with one interface that controlled the virtual factory, and a second that controlled the virtual testing
rig. The first interface would generate experimental data and save it to disk, which would then be available
through the interface to the testing rig.
The students realised that although the factory interface was displaying the “Process underway” message,
representing the time taken for the manufacturing process to occur, the experimental data was in fact already
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saved to disk, and available at the testing station. This allowed for students to enter the production parameters,
commence the process, then collect the results before the simulation had in fact “completed” the process. This is
a quicker way to access the data, but it undermines the “reality” of the experience.
The question then becomes which is more important? Is it appropriate to make students wait for data to
reinforce the concept that industrial processes are not instantaneous? Or is it better to disregard this aspect of the
reality in order to allow them to run more combinations of the parameters, and understand how each of these
parameters changes the outcome of the process. A simulation allows the possibility of sacrificing reality to
enhance other learning outcomes. Slow physical processes can be sped up, slowed down or even reversed to
allow for a deeper understanding to be achieved. For students in the initial use phase, these deviations
undermine their establishment of the reality of the simulation. For students in the regular and expert use phases,
however, the reality is already established, and these deviations allow them to pursue the other learning
objectives more effectively.
Effectively, there are two different thresholds for adequate realism from a simulation – one that is sufficient for
students to establish a sense of reality from the simulation, and a second, lower threshold that is necessary to
maintain the sense of reality. These two thresholds correspond to the different learning objectives and contexts
that students encounter during the different phases of their use.

5. CONCLUSION
Developing a simulation is a complex balancing act. There are many compromises that must be made to create
the most effective learning environment within the constraints of the available resources. There is a general
consensus that the more realistic the simulation, the better – but this consensus may be flawed.
The learning needs of students evolve throughout their interactions with simulations. While it is essential to
establish that the simulation is an accurate representation of reality, it is not essential that this reality be
maintained to the same level. Many of the features that are so impressive at first contact, and so useful in
establishing the reality of a simulation, are in fact unnecessary bells and whistles for the experienced user.
The differences in the necessary levels of reality – the two distinct thresholds – offers new opportunities in the
design and implementation of educational simulations. By focusing the resources into the areas that will provide
the best return on investment, rather than into improving functionality that will ultimately go unused, educational
simulations can be made more efficient and effective.
References
[1] R. Jia, S. Xu, S. Gao, E.-S. Aziz, S. Esche, and C. Chassapis, "A virtual laboratory on fluid mechanics," in
American Society for Engineering Education, Chicago, IL, 2006.
[2] D. Schofield, E. Lester, and J. A. Wilson, "Virtual reality interactive learning environments," in EE2004,
Wolverhampton, UK, 2004, pp. 225-231.
[3] D. P. Ausubel, The acquisition and retention of knowledge : A cognitive view. Dordrect ; Boston: Kluwer
Academic Publishers, 2000.
[4] S. M. Alessi and S. R. Trollip, Computer-based instruction: Methods and development, 2nd ed. Englewood
Cliffs, New Jersey: Prentice-Hall, 1991.
[5] C. Aldrich, Simulations and the future of learning. San Francisco: Pfeiffer, 2004.
[6] J. J. Richardson, N. Adamo-Villani, E. Carpenter, and G. Moore, "Designing and implementing a virtual 3d
microcontroller laboratory environment," in Frontiers in Education, San Diego, 2006.
[7] M. Koretsky, D. Amatore, C. Barnes, and S. Kimura, "Enhancement of student learning in experimental
design using a virtual laboratory," IEEE Transactions on Education, vol. 51, pp. 76-85, 2008.

Page 4

Project Report: Remotely Accessible
Laboratories – Enhancing Learning Outcomes
Attachment 6

LOWE, D., MURRAY, S., LINDSAY, E. & LIU, D. (2008 (Submitted))
Evolving Remote Laboratory Architectures to Leverage Emerging
Internet Technologies. Internet Computing.

Evolving Remote Laboratory Architectures to
Leverage Emerging Internet Technologies
David Lowe, Steve Murray, Euan Lindsay, and Dikai Liu
david.Lowe@uts.edu.au, stevem@eng.uts.edu.au, E.Lindsay@curtin.edu.au, Dikai.Liu@uts.edu.au

Abstract - There is growing research into, and development of, the use of the internet to support remote
access by students to physical laboratory infrastructure. These remote laboratories can, under appropriate
circumstances, support or even replace traditional (proximal) laboratories, provide additional, provide
improved access at reduced cost, and encourage inter-institutional sharing of expensive resources. Effective
design of remote laboratories requires attention to the design of both the pedagogy and the technical
infrastructure, as well as how these elements interact. In this paper we consider the architectures of remote
laboratories, the shortcomings of existing implementations, and we argue that emerging internet technologies
can assist in overcoming these shortcomings. We also consider the opportunities which these technologies
provide in moving beyond both existing remote laboratories and existing proximal laboratories, to create
opportunities which were not previously possible.

Index Terms – laboratory, remote, architecture, technology, design

1. INTRODUCTION
Laboratory work has long been identified as an important element of undergraduate degree courses in many
disciplines, especially engineering and the applied sciences [1,2]. With the increasing availability of advanced
telecommunications infrastructure and associated access to internet-based applications, there has been a
recent increase in the development of remote laboratories [3]. The facilities typically provide internet-based
access for students to monitor and/or control physical laboratory equipment which is located remotely from the

student. Current implementations 1 vary in sophistication, ranging from the simple ability to monitor output data
from a single piece of equipment, through to systems which provide queuing and automated allocation of
students to one of a set of multiple laboratory rigs with complex video/audio/data monitoring and control. As
an illustration, Figure 1 shows the remote laboratory facility in the Faculty of Engineering at the University of
Technology, Sydney. This facility currently supports 5 different experiments, with multiple sets of equipment
for each experiment. Access occurs through the internet using a combination of a web interface and a remote
desktop connecting to an experiment server, and is managed through an arbitrator system which either
allocates equipment to students, or places the student in a queue if all equipment is currently in use.

(a)

(b)

FIGURE 1: UTS Remote Laboratory Facility (http://remotelabs.eng.uts.edu.au)
(a) Physical equipment; (b) Student interface to the Beam Deflection Experiment

There are several motivating factors supporting the use or remote laboratories, including cost, security,
reliability, flexibility and convenience [4]. The earlier era of remote laboratory development saw most effort
directed at technical development – preoccupations included experimenting with technologies for real-time
audio and video streaming in an effort to overcome bandwidth limitations whilst ensuring service quality, and
dealing successfully with the arbitration of multiple simultaneous connections to shared online laboratory
apparatus and equipment.

1

Good lists of existing remote laboratory infrastructure can be found at:
•
http://telerobot.mech.uwa.edu.au/links.html
•
http://dynamics.soe.stevens-tech.edu/

Evolving Remote Laboratory …

Page 2 of 14

Lowe, Murray, Lindsay, Liu

To a significant extent, many of these issues have been successfully overcome. Continuous, reliable and high
quality services have been maintained for much of the past decade [4,5]. This progress has resulted in a shift
in the focus of development effort away from technical refinement.

Recent trends have focused upon

enriching the nature of the student interaction (for example, including support for student-student collaboration
and student-teacher interaction). In parallel there have been moves towards developing a clearer
understanding of the pedagogic aspects related to conducting laboratory work remotely and indeed a more
reflective consideration of the laboratory learning context in general (both conventional laboratories where
students are proximate to the equipment they're using as well as remote laboratories) and the place of
experiment simulation [6]. This change in focus however has meant that we have not yet adequately
considered the complex inter-relationship between the student interaction, learning outcome, and
technological constraints and opportunities. Most particularly, the rapidly evolving suite of internet
technologies provides increasing opportunities to address issues which were previously unacknowledged or
ignored. For example, Web 2.0 technologies potentially enable a much richer student engagement,
collaboration, support and reflection to occur when remotely interacting with laboratory experiments. Similarly,
it may be possible to use technologies such as AJAX to simplify architectures, provide a more integrated and
responsive environment, and hence improve the nature of the student experience. Further afield, the
impending explosion in networked sensor and actuator devices which link the real-world and the virtual world
will provide an opportunity to move student experimentation out of the laboratory altogether and into the realworld.

In section 2 we discuss related work and the current situation with regard to remote laboratories. In section 3
we look at contemporary architectures using two examples to illustrate current approaches. In section 4 we
discuss the way in which these systems typically utilize internet technologies, the constraints which this
imposes, how this influences the nature of the laboratory experience, and the implications of future trends in
internet technologies.

2. RELATED WORK
A standpoint advocating that all undergraduate practical experimentation should (or even could) be carried out
remotely would be difficult to defend, but evaluation of existing implementations has demonstrated that, when
used in the right context, remote laboratories can provide significant advantages over conventional proximate

Evolving Remote Laboratory …

Page 3 of 14

Lowe, Murray, Lindsay, Liu

laboratories [3,6,7]. Whilst there is not yet any significant research data on remote laboratory cost
comparisons, anecdotal evidence indicates that operating costs can be significantly reduced. This is in part
due to the equipment and apparatus being held in a physically secure environment with tightly constrained
access that limits either intentional or unintentional misuse. This reduction in attrition and “wear and tear” on
the equipment, an entrenched characteristic of proximate laboratories, means that more elaborate, expensive
and/or delicate experiments can be constructed. This in turn makes possible student exposure to systems that
might not have otherwise been afforded them. The result is that when viewed on a macro scale, more rather
than less experimentation by students becomes possible. Additionally, the convenience and flexibility of being
able to complete laboratory experiments remotely tends to fit well within the complex lifestyle of the
contemporary undergraduate student – it is as welcome amongst the student body which is comprised of fulltime or part-time “on campus” students as it is with those that are distance-mode. A final advantage which
remote laboratories offer is that they offer a capability of inter-institutional sharing of laboratory infrastructure
and resources [5]. The potential benefits to students are enormous and profound, but it requires a global view
if it is to be realised.

Having accepted that there are considerable “logistical” benefits of remote laboratories – flexibility, cost,
resource sharing – attention needs to be given to the impact that a change to remote laboratories has on
student learning outcomes. It is clear that the environment in which learning takes place, whether online or
face to face, involves a complex array of factors that influence learner satisfaction and achievement [8]. These
factors include the relationships between the user and the technology, the instructor and students, and the
relationships among the students [9]. This is of particular relevance when considering the evolution of the
internet to incorporate increasing support for interactivity and social collaboration.

As a part of the adoption process of remote laboratories into engineering curricula, various authors have
made attempts to determine an appropriate list of “quality indicators” for the online laboratory experience. This
has been approached primarily from two perspectives, the first being relative to the expectations of students
(e.g. [10,11]); and the latter being driven by course content. These include the level and speed of interaction,
clear articulation of expectations, timeliness of feedback, and access. In highlighting such factors and relating
them to the remote access mode, it is important to note that implicit to this discussion is how these factors are
influenced by the nature of internet technologies. From a broader perspective, simply referring to the literature
to determine an appropriate answer is inconclusive. On the one hand, there is the proposition that there is no
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significant difference between the educational outcomes from students who performed an experiment
remotely, versus those who carried out the experiment proximate to the equipment and apparatus [12]. The
alternate view however argues that students’ performances on different criteria can vary depending upon the
form of access used and that indeed some outcomes appear to be enhanced by non-proximate access
modes, whilst others seem to be degraded [6,13].

So, having recognized that the nature of the learning outcomes arising from laboratory experiences has a
complex relationship with the characteristics of the interaction modality, it is worth considering the way in
which the technologies which are used affect the nature of the interaction. From this point we can then
consider the most appropriate way to leverage emerging technologies.

3. REMOTE LABORATORY ARCHITECTURES
A design challenge in the practical development of a remote laboratory is to identify an architecture which can
provide appropriate access to the remote hardware. In the simplest form, the remote laboratory may be a
single experiment, with a custom-built web-based interface which may optionally include reporting of
measurement data and audio/visual feedback. A more sophisticated facility may involve multiple sets of
equipment, multiple experiments and many users. To illustrate the challenges presented by the design of
remote laboratory systems, we will consider the architecture of two contemporary systems: the UTS remote
laboratory facility (shown previously in Figure 1) and the MIT iLabs.

Within the UTS remote laboratory, there are currently five collections of significantly different experimental
equipment [4,14,15]:
•

Microcontroller design (12 x Embedded Operating System Experiments)

•

Beam Deflection (10 x Beam Behaviour Experiments)

•

Automation (5 x PLC Experiments)

•

Dynamics and Control (3 x Coupled Water-Tanks Experiments)

•

Programmable Hardware design (5 x FPGA Experiments)

The UTS architecture was developed to provide flexibility and extensibility, as well as the ability to manage
multiple sets of equipment. A key aim was to ensure that all experiments can be accessed from any
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networked computer without having to install additional software, including control applications, onto the
remote computer (since students may be accessing the laboratory from computers on which they have limited
access). The resultant architecture is shown in Figure 2a. A remote user logs-in through a web browser (with
authentication managed by an arbitrator) and requests access to a set of equipment. The arbitrator allocates
apparatus to students from the pool of unused devices, queuing allocation requests when necessary. The
student is then provided, through the Web interface, audio/visual monitoring of the equipment. In order to
support control of the equipment (and the differing user interfaces associated with the control applications),
the arbitrator boots a Windows virtual machine on a master server (using VMware) and associates this virtual
machine with the relevant equipment. The student creates a remote desktop connection to this virtual
machine, runs the control application, and controls the equipment. The control application is therefore running
on the master server (not on the remote user’s computer) but with the user-interface being presented on the
remote machine. Figure 1b shows the resultant hybrid interface. When a session of use is completed by a
student, the arbitrator reclaims the apparatus, re-initialises it, and returns the device to the free pool. This
architecture means that the only software required on the client side is a Web browser and a remote desktop
client.

Remote (User)

Local (Lab)
Web Server

Web

Equipment
Arbitrator

Users

Master
Virtual
Virtual
Server
Virtual

Remote

(a)

(b)
FIGURE 2: Typical Remote Laboratory Architectures

(a) UTS Remote Laboratory Facility; (b) iLabs Architecture (from http://icampus.mit.edu/iLabs/architecture/)

Contrasting with the UTS architecture is the more distributed architecture used for the MIT iLabs (see figure
2b). Here, the equipment is managed by Lab servers, and authentication and access is moderated by a
service broker. There are two forms of experiment in this configuration: batched and interactive. With batched
experiments, the student interacts indirectly with an experiment through a client on their remote machine,
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which passes the student-configured experimental parameters to the service broker, which in turn
communicates to a laboratory server which executes the experiment. Ultimately the results are returned to the
client once complete. In this form of experiment there is no interaction between the client and the experiment
whilst it is executing. Students receive results only on completion of the experiment (indeed they need not
even remain logged-in whilst the experiment is queued or executing). Conversely, interactive experiments
allow direct communication between a student’s client and the laboratory server. The architecture
incorporates a modified Interactive Service Broker (ISB) which provides a scheduling feature and (at the
appropriate time) establishes communications between the student-side client and the Laboratory server.

Whilst there are many other architectures which have also been adopted in supporting remote laboratories,
they typically are either simpler than the above (e.g. a single downloaded client application communicating
with a single experiment) or share similar characteristics to either or both of the above examples.

4. UTILISATION OF TECHNOLOGY AND EDUCATIONAL IMPLICATIONS
Existing remote laboratory systems utilize the internet in diverse ways. In considering this it is useful to return
to the core relationships which exist during student laboratory experimentation. As discussed previously, this
includes the relationships between the student and the equipment, between students, and between the
instructor and students [9].

4.1. Supporting the student-equipment relationship
At the core of the interaction between a single student and remote equipment is consideration of the way in
which a student engages with that equipment. There are two primary dimensions to this interaction: the extent
of the live interactivity, and the richness of the representation of the experimental reality which is exposed to
the student.

In terms of live interactivity, the iLabs architecture illustrated support for different ends of this spectrum. In
batch mode, students submitted their experimental parameters and the experiment was then queued to be
carried out remotely and asynchronously. This form of interaction places relatively low demands on the
technology - bandwidth is generally not an issue (there is no requirement for live monitoring) and there is no
direct interaction between the student and experiment. Conversely, interactive experiments involve live
Evolving Remote Laboratory …
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synchronous interaction with the experiment. Where the monitoring involves video and/or audio, this implies
streaming of the media and adaptation of the system to varying bandwidth. In the case of the UTS remote
laboratories, this is addressed through providing the student with a choice of media access: streamed video in
various formats and auto-refreshed image snapshots. One of the key issues in student monitoring of the
experiment involves how experiment events are handled. When monitoring occurs through a Web browser,
the inherent “pull” model of the Web (i.e. interactions are initiated by the client) means that creative
approaches have been developed for passing information from the experiment server to the user with minimal
latency. The simplest approach is to use automatic web page refreshes – but this tends to be somewhat
cumbersome. An alternative is to use separate client applications which establish a continuous
communication with the experiment. This solution however requires the installation of user-side applications,
which may not always be feasible. The emergence of AJAX technologies has provided an alternative to these
approaches, whereby finer-grained data updates within the web view of the experiment can be achieved.

The second element of the user-experiment interaction relates to the perceived “reality” of the experiment.
Previous research [16] has considered the significance of experimental verisimilitude and how this affects
student engagement. In particular, it has been shown that students’ perception of whether the experiment is
“real” or a simulation can affect their willingness to accept the experimental results as valid and hence affects
the learning outcomes. Interestingly, the requirement for experimental verisimilitude varies during the student
engagement. Lindsay et al [16] refer to the concepts of “establishment reality” (i.e. the initial establishment of
the students’ acceptance of the reality of the experiment) and “maintenance reality” (i.e. maintaining the
students’ acceptance of the experimental reality). This has implications for nature of the experimental
interface and how technology might be used in constructing it. For example, we have anecdotally noted that
inclusion of video information showing the broader context of the experiment within the laboratory can
significantly affect the establishment reality. An interesting comment came from a student who noted that it
wasn’t until he overheard several technical staff members talking near the equipment, that he realized the
equipment was real rather than a simulation (despite the quality of the streaming video which was included in
the interface).

As part of evaluating the student-equipment relationship in more detail, student survey data was collected
from the students who used the UTS remote PLC laboratory and the remote water-level control laboratory
during 2006 [18]. Students were asked to respond to a series of questions on a 10 point Likert scale –
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including two that related to the student-equipment relationship: Question 4: Didn’t you feel a degree of
isolation between the physical system and you? And Question 6: While you were using the remote PLC lab,
did you feel like you were operating real equipment? The survey results [18] show that average agreement
values of 5.4 or higher for Question 4 and 6.8 or higher for Question 6, indicating that students did feel a
degree of isolation from the physical equipment, but in general they believe they are using real equipment.
The survey also indicated that the student-equipment relationship is affected by many factors such as the
nature of the video and audio feedback.

4.2. Supporting the student-student relationship
It has long been accepted that peer collaboration can play a major role in affecting student learning outcomes.
Also, the majority of conventional (proximal) laboratory exercises are group based (though admittedly this may
often have been for logistical rather than pedagogic reasons). Despite this, the vast majority of current remote
laboratories provide limited support for student collaboration, and largely remain one-to-one connections
between student and equipment. One form of support which is often provided (including in the UTS facilities)
is a simple discussion board used separately from the experiment to student discussion and communication.
The student survey described previously [18] included the question: Do you think the UTSOnline discussion
board helps in solving your problems while you are using the remote labs? The results gave average
agreement values of 6.6 and 4.8 over two semesters, indicating an ambivalent reaction to this mechanism - a
conclusion supported by the student comments. This indicates that more effective approaches or tools are
required to support enhanced student-student relationships.

In terms of “live” (i.e. during experiment) collaboration, where this does occur it is typically through remote colocation of the students rather than through technological support. If we are to provide support for studentstudent collaboration where the students are also remote from each other then several issues emerge. The
first is the creation of a shared experience which can form the basis for a common learning context. Issues
arise such as: how do we provide each student with access to a common view of the experiment? Who has
control of the experiment and how can this be managed? How aware of other students (both within their own
group and in other parallel groups) can each student be? Where the implementation has used a stand-alone
client, this can be a difficult issue to address, though again recent technological developments can assist in
addressing this. As an illustrative example, the UTS remote laboratory architecture removed the need for
student-side installation of control applications by running the control application in a virtual server which is
Evolving Remote Laboratory …
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accessed through a remote desktop. Whilst an elegant solution, this does mean that we are using applications
which are not designed for shared access, and the virtual machine on which is runs does not support multiple
simultaneous log-ins. A solution currently being developed is to use a separate proxy to access the control
application, and this proxy provides shared access (as well as managing who has control) using AJAX
techniques to update the users view. Another approach being considered is the integration of real
instrumentation into environments such as Second Life (see work by IBM in [17]). Whilst this is yet to result in
mainstream remote laboratory implementations, it does hint at the possibilities for creating rich shared
laboratory experiences.

In terms of student communication (text chat, audio and video connections, and shared workspaces), there
has been significant development of technology in these areas, and there are now numerous toolkits which
facilitate integration of these functionalities into both web-based and stand-alone applications. However, a
key issue which should be considered in the design of solutions is the role not only of intentional
communication (i.e. where two or more students consciously initiate communication – a focus of most existing
development) but also the role of incidental and serendipitous communications. Much of the learning context
for students in conventional proximal labs involves incidental interactions with students in their own laboratory
groups, as well as other groups in the same laboratory. Being able to “eavesdrop” on related conversations,
notice the issues confronting other students, and overhear the questions they are asking the instructor, can all
play a role in assisting the learning process. Given this, it is important to consider how emerging internet
technologies can be used to support exposing this broader context to students. Partly, this is a design issue –
being able to construct interfaces which expose peripheral activities, but it is also a technological issue – in
terms of how this rich set of information can be structured and presented to users without it being distracting.
Certainly virtual reality worlds such as Second Life (http://www.secondlife.com/) can be used to provide a rich
context and their feasibility is improving as the understanding of linking real-time data into these environments
develops.

4.3. Supporting the student-instructor relationship
A similar issue to the above is the relationship between students and instructors. To a large extent the
utilization of technology will be the same as for student-student interactions, with the difference largely being
in the system design, and control over the level of information which can be accessed. Typically we would
want to support both student-initiated interactions (“Please, I need some assistance with…”) and instructorEvolving Remote Laboratory …
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initiated interactions (“You seem to be having trouble with X – can I suggest that …”). This latter form of
interaction implies that we need to provide rich information to the instructor so that they can identify when
students might be struggling with a laboratory exercise. Some of this might be supported by allowing warning
flags to be established (e.g. has the amount of time taken to perform a certain experimental stage exceeded
some threshold; has some control parameter been set outside some acceptable range), but it might also be
effective to provide alerts based on overall level of, or imbalances in, student-student communication,
semantic analysis of any text chats, or other forms of rich data mining.

4.3. Future Trends
Most of the above discussion has focused on what is currently feasible in terms of constructing laboratories
which are accessed across the internet. There are a number of trends in the development of internet
technologies which are likely to play a role in the ongoing evolution of remote laboratories. Whilst crystal-ball
gazing can be fraught with danger, we will nevertheless briefly discuss possible impacts of these trends.

Improved bandwidth availability: As available network bandwidth increases, it will become progressively
more feasible for students interacting with remote laboratories to have higher resolution audio and video, and
a richer collection of media streams. This will pertain not only to the experiment, but to interactions with other
students and instructors, and will hence facilitate improved quality of both interaction and contextualization of
the experiment.

Improved sensors and actuators: As the quality of sensors and actuators improves, and costs drops, the
extent to which students can understand aspects of the experimental environment, and control that
environment will increase. Consider, for example, the beam deflection experiment shown in Figure 1. In the
current implementation of this experiment the camera positions, orientations and zoom levels are fixed, as are
the locations of the actuators which are used to place a load on the beam. The experiment would (possibly)
be enhanced if the students were able to move, rotate and zoom the cameras, and change the position of the
actuator.

Improvements in interaction technology: Whilst AJAX technologies have provided an improved ability to
create highly interactive environments, it is expected that future developments in this area will extend these
capabilities. For example, AJAX is inherently based on client-initiated events, which proves to be a significant
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limitation with remote laboratories, where much of the event stream originates on an experiment server.
Emerging technologies and architectures which provide server-side content push (or HTTP streaming), such
as Comet, can address this limitation and improve the quality of the data presented to the student. Similarly,
changes to HTML (particularly the introduction of HTML5) is likely to facilitate richer interfaces – particularly in
terms of inherent support for rich media.

Linking real-world equipment: Possibly the most substantial impact on remote laboratories will come, not
from specific internet technologies, but rather from the way the internet is used. It is becoming increasingly
straightforward to connect real world devices into the internet, both in terms of specific equipment and
appliances, but also at a finer level of granularity through network-enabled sensors and actuators. Whilst
these devices are often installed to support specific applications, they provide a rich data source and control
mechanisms that links the real and virtual worlds. This in turn can potentially be used to support much richer
experiment experiences. Whilst (real physical) laboratories have often been used because they provide a
controlled environment, equally they have also been used because they simplify the logistics of providing
access to “real environments” by students. In many cases, it would be more desirable for students to be
exposed to real-world environments, and this is only not achieved because of the logistical difficulties. The
combination of the internet and networked sensors and actuators can change this. Consider, as a simple
example, a thermodynamics laboratory where students monitor the changing temperature profile of a heated
steel block, and compare their measurements to those predicted by heat conduction theory. Compare this to
an online experiment where students have direct access to live temperature measurements on steel castings
in a foundry (which could potentially by anywhere in the world). Apart from being a more realistic context, it
reduces the need to establish specific laboratories in those cases where a student-controlled environment is
not essential. In essence, these technologies (networked sensors and actuators, and distributed access via
the internet) provide an opportunity to move at least some experimentation out of the laboratory and into the
real world.

6. CONCLUSION
When used appropriately, remote laboratories can provide significant benefits over some proximal
laboratories. For these benefits to be realised, consideration must be given to the complex interplay between
desired educational outcomes, pedagogical design, and the nature of the technology supporting the
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laboratory. In this paper we have discussed current technological and architectural issues with remote
laboratories, how these relate to the factors which affect student learning, and how these laboratories may
evolve in light of future technology developments.
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Abstract— An ABET Colloquy in 2002 described a core set
of thirteen objectives for Engineering laboratories. An
implicit theme amongst these objectives is the development
of an understanding of real-world Engineering. Often this
will have occurred though exposure to commercial tools,
equipment and processes, as well as realistic problems.
Whilst remotely accessible laboratory infrastructure is
becoming more common, the question of how these affect
student perceptions of reality is salient - a question which
has barely been considered in the literature. The only
related work is some discussion on the fidelity and/or
authenticity of the experience. In this paper we discuss these
issues. In particular, we consider the factors within a
laboratory experience which potentially affect the students'
interpretation of the industrial or professional "reality" of
the experience. We then discuss whether remote
laboratories help or hinder in the development of this
professional reality.
Index Terms—Laboratory, remote, professional, practice,
experience.

I.
INTRODUCTION
Laboratory experiences have long been considered a
core component of technical degree programs –
particularly in engineering and the applied sciences.
Despite this, there has been surprisingly little
consideration given to why laboratories are utilised and
what are the intended learning outcomes for students. An
ABET Colloquy in 2002, described in (Feisel and Rosa,
2005), described a core set of thirteen objectives for
Engineering laboratories. These related to the
development of abilities such as applying appropriate
instrumentation and tools, identifying the strengths and
limitations of theoretical models, and the ability to collect,
analyze, and interpret data, as well as many others (see
Addendum 1 for the full list of objectives). While not
addressed explicitly, an implicit theme amongst a number
of these objectives is the development of an understanding
of either real-world Engineering, or the way in which
specific skills and knowledge relates to professional
practice. This was well articulated in earlier work (Panel
on Undergraduate Engineering Education, 1986) which
considered the role of laboratory instruction, and quoted
work by Ernst (1983), stating:
The undergraduate student should become an
experimenter in the laboratory, which ‘should provide
him with the basic tools for experimentation, just as
the engineering sciences provide him with the basic
tools for analysis’ Ernst, 1983b:4~. It is a place to
learn new and developing subject matter as well as
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insight and understanding of the real world of the
engineer. Such insights include model identification,
validation and limitations of assumptions, prediction
of the performance of complex systems, testing and
compliance with specifications, and an exploration for
new fundamental information.
Of particular salience is the articulated need to support
students in gaining insights into the “real world”
(presumably, in this context, “real world” refers to the
domain of professional practice within which the students’
are likely to be applying their skills).
Once again, there has been remarkably little
consideration given within the literature to how
laboratories support this engagement with the realities of
professional practice. Anecdotally, this will often have
occurred through aspects such as:
• Exposure to tools, equipment, instrumentation,
etc. which is either used in professional
contexts, or which is indicative of commercial
equipment;
• Utilisation of skills (both technical and
prosess-management orientated) which are
explicitly relevant within real-world settings;
• Laboratory exercises which are representative
of realistic problems and behaviours or which
highlight relevant elements of these problems;
While these may be objectives, it is unclear what
elements of the design of laboratories make the
professional reality of the laboratory experience selfevident to students. These issues become even more
salient in the context of the increasing interest in the use
of remote laboratories, where there is an additional and
obvious level of disconnect between the student and the
laboratory, and hence the student and their connection to
the professional practice elements of those laboratories. If
we are to design remote laboratories effectively, we need
to understand this relationship to reality and how the
design of the laboratory mediates this relationship.
BACKGROUND: REMOTE LABS
As ICT infrastructure has become increasingly
prevalent in most areas of the world, there has been a
steady increase in the development of remote laboratories
over the past few years (Corter and Nickerson, 2007).
Figure 1 is an example of a current remote laboratory
facility – that which we have developed, and are
continuing to refine, in the Faculty of Engineering at the
University of Technology, Sydney. Figure 2 shows a
typical interface for a single remotely access laboratory
II.
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Figure 1: UTS Remote Laboratory Facility

experiment – in this case an introductory undergraduate
included experimenting with technologies for real-time
civil engineering laboratory exercise investigating beam
audio and video streaming in an effort to overcome
deflection under loading.
bandwidth limitations whilst ensuring service quality, and
dealing successfully with the arbitration of multiple
There are several motivating factors supporting the
simultaneous connections to shared online laboratory
development of remote laboratories, including cost,
apparatus
and equipment. To a significant extent, many of
security, reliability and convenience (Murray and Lasky,
these issues have been successfully overcome.
2006). Operating costs can be reduced through saving in
Continuous, reliable and high quality services have been
physical space and with the equipment and apparatus
maintained for much of the past decade. This progress has
being held in a physically secure environment with tightly
resulted in a shift in the focus of development effort away
constrained access which limits either intentional or
from technical refinement. Recent trends focus upon
unintentional misuse. Greater flexibility of access can be
enriching the nature of the student interaction (for
provided to students (potentially providing a richer
example, including support for student-student
engagement than might occur in limited and controlled
collaboration and student-teacher interaction). In parallel
direct access to physical infrastructure). They also offer a
there have been moves towards a clearer understanding of
capability of inter-collegial sharing of expensive
the pedagogical aspects related to conducting laboratory
laboratory infrastructure and resources (it is an interesting
work remotely and indeed a more reflective consideration
exercise to consider current utilisation levels of much
existing Engineering laboratory
infrastructure).
Partly
as
a
consequence of the above issues, it
also becomes possible to develop
and make available more elaborate,
expensive
and/or
delicate
experiments. This in turn makes
possible student exposure to
systems that might not have
otherwise been afforded them
(potentially more commercially
realistic and/or relevant). The result
is that when viewed on a macro
scale, more rather than less
experimentation
by
students
becomes possible. Additionally, the
convenience and flexibility of
being able to complete laboratory
experiments remotely tends to fit
well within the complex lifestyle of
the contemporary undergraduate
student profiles. The potential
benefits to students are enormous
and profound, but it requires a
global view if it is to be realised.
The earlier era of remote
laboratory development saw most
effort directed
at
technical
Figure 2: Student Interface to the Beam Deflection Remote Laboratory
evolution
–
preoccupations
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of the laboratory learning context in general (both
conventional laboratories where students are proximate to
the equipment they are using as well as remote
laboratories) and the place of experiment simulation
(Lindsay and Good, 2005).
III. ENGAGING WITH REALITY
As this remote laboratory infrastructure becomes more
prevalent, it raises questions on the impact on students’
insight and understanding of the real-world nature of the
practice of their profession. As discussed above, this is an
area which has barely been considered for traditional
proximal laboratories, let alone remote laboratories.
One area of existing work which does have some
relevance, is discussion on the fidelity and/or authenticity
of the laboratory experience. In particular, Aldrich (2004)
discussed simulations and the impact of the fidelity of the
simulation. Interestingly, it was noted that in some
circumstances an overly-realistic simulation may prove to
be distracting to students and inhibit the learning process
rather than enhancing it.
Our own work (Linday et al, 2008) has extended this
and considered the investigation of issues such as the
notion of “establishment reality” versus “maintenance
reality“. Establishment reality refers to the threshold for
establishing a perception of reality when students first
encounter a remote experiment (that is, to what extent do
the students believe they’re interacting with real
apparatus). This is related to the knowledge required to
build a mental model of the experiment. Conversely,
maintenance reality refers to the (lower) level of detail
required to maintain the perception of reality once a
student has developed an engagement with the
experiment.
It is important to consider which reality is being
established or maintained. Many simulation- or remote
access laboratories focus upon the extent to which
students perceive this as ‘real’ rather than artificial –
rather than the extent to which it reflect commercial
reality. In other words, it is important to distinguish
between a constrained academic reality and a broad
contextual professional reality.
If we are to develop remote laboratory experiences
which support students in constructing an understanding
of professional engineering, then we need to consider
what is required for the establishment and then
maintenance of a professional practice reality. There is no
value in making a remote access laboratory equivalent to
its face-to-face predecessor if the industrial reality has
since moved on. In fact, it could conceivably become
counter-productive in the sense that students might tend
toward a disengaged mindset if they consider the
apparatus antiquated.
As part of considering students’ utilization of our
remote laboratories we undertook a series of surveys of
students’ reactions to the remote laboratories – and in
particular a laboratory experiment involving the
employment of a Programmable Logic Controller (PLC)
to control a pair of pneumatically driven pistons. These
are of the type that in a production environment would be
used to push objects onto a conveyor belt for example.
The surveys included an evaluation of students’
perceptions of whether they were controlling real
equipment. Of 39 responses, 29 responded “yes” and 7
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responded “no”. Interestingly, a number of those who
responded “yes” qualified their response in various ways,
including indicating that the sense of realism depended
upon:
- if they had the right PLC;
- if the network had not too much lag/latency.
The most significant response, in terms of perceptions
of reality, however related to the existence of a live video
feed of the equipment, and the extent to which this made
visible the “reality” of the experience – that being, an
immediate contributer to “establishment reality”.
Similarly, when asked if using the remote laboratory
was more, or less, beneficial than a simulation 53% of
respondents indicated more beneficial and only 7%
indicated less beneficial. Of those who felt that it was
more beneficial, a number of responses indicated that this
was so because having the exposure to remote technology
was more real – both in conducting the experiment and
also more like what they would face in the future.
Mentioned also was the fact that having something
physically working felt more satisfying (in comparison to
simulations which “just don’t feel right”), and it was more
exciting so they felt more motivated. In other words, a
sense of “feeling right” was considered a significant
positive factor.
Before we can consider the implications of these
comments on connecting remote laboratories to
professional reality, we need to take a step back. In
particular, we need consider the factors within a
laboratory experience which potentially affect the
students' interpretation of the industrial or “professional
reality" of the experience, as distinct from the more usual
consideration of the “academic reality" of the experience.
• Professional setting: the extent to which the
laboratory infrastructure will be perceived by the
students as indicative of a professional practice
setting. This will require the inclusion, within the
student interface, of the contextual elements which
may be seen as extraneous to the experiment, but
which position the experiment within a broader
setting. For example, a “beam deformation”
experiment may position the beam within the
context of a support for a broader structure. This is
a quantity which theoretically should translate
seamlessly from a similarly configured experiment
in a proximate laboratory.
• Real-world complexity: the extent to which the
experiment includes an opportunity for the student
to appreciate the complexity associated with actual
practice. This need not include additional
experimental complexity, but rather might involve
time limitations, team and communication
requirements, limitations on cost or materials etc.
• Delegation of control over the focus and purpose of
the experiment to the student (Edward, 2002). By
allowing students to take greater control over the
progress of the experiment, they are able to explore
various possibilities, and hence to make stronger
connections to reality.
• Connections to real industrial problems. Drake et
al. (1994) describe experiments in which an
explicit link was made to real industrial problems –
including an overall duration for completion of
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more than a year. This led to a much stronger
student sense of accomplishment, but would be
likely to present logistical challenges.
IV. CONCLUSIONS AND FURTHER WORK
With remote laboratories reinforcing the progression of
technical and professional formation of engineering
students, the sponsors of remote laboratories are obliged
to be sensitive to both technical and professional contexts
of student learning. The level of student engagement with
a laboratory exercise is critical in achieving these
outcomes – not just in the initial Establishment Reality
phase of conducting an experiment, but in the sustained
requirement of the Maintenance Reality phase.
Establishment reality is not difficult to achieve if the
students can be permitted to see the remotely accessible
apparatus for themselves, for example. Maintenance
reality depends more upon constructing a convincing
scenario that envelopes an experiment – that is, something
which would appear to be a realistic proposition for a
professional engineer.
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ADDENDUM 1
The following is extracted from (Feisel and Rosa,
2005).
By completing the laboratories in the engineering
undergraduate curriculum, you will be able to....
Objective 1: Instrumentation. Apply appropriate
sensors, instrumentation, and/ or software tools to make
measurements of physical quantities.
Objective 2: Models. Identify the strengths and
limitations of theoretical models as predictors of realworld behaviors. This may include evaluating whether a
theory adequately describes a physical event and
establishing or validating a relationship between measured
data and underlying physical principles.
Objective 3: Experiment. Devise an experimental
approach, specify appropriate equipment and procedures,
implement these procedures, and interpret the resulting
data to characterize an engineering material, component,
or system.
Objective 4: Data Analysis. Demonstrate the ability to
collect, analyze, and interpret data, and to form and
support conclusions. Make order of magnitude judgments
and use measurement unit systems and conversions.
Objective 5: Design. Design, build, or assemble a part,
product, or system, including using specific
methodologies, equipment, or materials; meeting client
requirements; developing system specifications from
requirements; and testing and debugging a prototype,
system, or process using appropriate tools to satisfy
requirements.
Objective 6: Learn from Failure. Identify unsuccessful
outcomes due to faulty equipment, parts, code,
construction, process, or design, and then re-engineer
effective solutions.
Objective 7: Creativity. Demonstrate appropriate levels
of independent thought, creativity, and capability in realworld problem solving.
Objective 8: Psychomotor. Demonstrate competence in
selection, modification, and operation of appropriate
engineering tools and resources.
Objective 9: Safety. Identify health, safety, and
environmental issues related to technological processes
and activities, and deal with them responsibly.
Objective
10:
Communication.
Communicate
effectively about laboratory work with a specific
audience, both orally and in writing, at levels ranging
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from executive summaries to comprehensive technical
reports.
Objective 11: Teamwork. Work effectively in teams,
including structure individual and joint accountability;
assign roles, responsibilities, and tasks; monitor progress;
meet deadlines; and integrate individual contributions into
a final deliverable.
Objective 12: Ethics in the Laboratory. Behave with
highest ethical standards, including reporting information
objectively and interacting with integrity.
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Objective 13: Sensory Awareness. Use the human
senses to gather information and to make sound
engineering judgments in formulating conclusions about
real-world problems.
Support for this publication has been provided by The Carrick
Institute for Learning and Teaching in Higher Education Ltd, an initiative
of the Australian Government Department of Education, Employment
and Workplace Relations. The views expressed in this publication do not
necessarily reflect the views of The Carrick Institute for Learning and
Teaching in Higher Education.
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Abstract - There is growing interest in the use of remote
laboratories to access physical laboratory infrastructure.
These laboratories can support additional practical
components in courses, provide improved access at
reduced cost, and encourage sharing of expensive
resources. Effective design of remote laboratories
requires attention to both the pedagogic design and the
technical support, as well as how these elements interact.
We discuss our experiences with a remote laboratory
implementation based on a hybrid architecture. This
architecture utilises a Web front-end allowing student
access to an arbitration system, which permits students
to select one of a number of experiments, before being
allocated to a particular experimental station. The
interaction with the equipment then occurs through a
separate stand-alone application which runs on its own
virtualized server which the user accesses via a remote
desktop client. This hybrid architecture has many
benefits, as well as some limitations. For example, it
allows rich control and monitoring interfaces to be
developed, but also requires students to understand a
slightly more complex process for establishing the
control. We discuss the reactions to this architecture by
different cohorts of students as well as the extent to
which the architecture facilitates evolution and
expansion of the laboratories.
Index Terms – architecture, hybrid, laboratory, remote.
INTRODUCTION
With laboratory work being identified as an important
element of undergraduate degree programs in engineering
and the applied sciences [1]-[2] and an established ubiquity
of telecommunications infrastructure in most areas of the
world, there has been a steady increase in the development
of remote laboratories over the past few years [3]. There are
several motivating factors supporting this including cost,
security, reliability and convenience [4]. The earlier era of
remote laboratory development saw most effort directed at
technical evolution – preoccupations included experimenting
with technologies for real-time audio and video streaming in
an effort to overcome bandwidth limitations whilst ensuring
service quality, and dealing successfully with the arbitration
of multiple simultaneous connections to shared online
laboratory apparatus and equipment.

To a significant extent, most of these issues have been
successfully overcome. Continuous, reliable and high quality
services have been maintained for much of the past decade
[4]-[5]. This progress has resulted in a shift in the focus of
development effort away from technical refinement. Recent
trends focus upon enriching the nature of the student
interaction (for example, including support for studentstudent collaboration and student-teacher interaction). In
parallel there have been moves towards a clearer
understanding of the pedagogical aspects related to
conducting laboratory work remotely and indeed a more
reflective consideration of the laboratory learning context in
general (both conventional laboratories where students are
proximate to the equipment they're using as well as remote
laboratories) and the place of experiment simulation [6].
REMOTE LABORATORIES IN THE CURRENT CONTEXT
A standpoint advocating that all undergraduate practical
experimentation should (or even could) be carried out
remotely would be difficult to defend, but remote
laboratories do offer some undeniable advantages over the
conventional proximate laboratory setting when used in the
appropriate context.
Operating costs can be reduced with the equipment and
apparatus being held in a physically secure environment
with tightly constrained access which limits either
intentional or unintentional misuse. This reduction in
attrition and “wear and tear” on the equipment, an
entrenched characteristic of proximate laboratories, means
that more elaborate, expensive and/or delicate experiments
can be constructed. This in turn makes possible, student
exposure to systems that might not have otherwise been
afforded them. The result is that when viewed on a macro
scale, more rather than less experimentation by students
becomes possible. Additionally, the convenience and
flexibility of being able to complete laboratory experiments
remotely tends to fit well within the complex lifestyle of the
contemporary undergraduate student profile – it is as
welcome amongst the student body which is comprised of
full-time or part-time “on campus” students as it is with
those that are distance-mode. A final advantage which
remote laboratories offer as an obvious consequence of their
very make up is that beyond the scope of individual
institutions, they offer a capability of inter-collegial sharing
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of expensive laboratory infrastructure and resources [5]. The
potential benefits to students are enormous and profound,
but it requires a global view if it is to be realised.
REMOTE LABORATORIES IN A LEARNING CONTEXT
It is essential to view remote laboratories as an enabling
technology – not simply the use of technology because we
can – and this implies we need to understand what it is that
we are enabling. With this approach accepted we can ensure
that the pedagogical aspects, the educational objectives
targeted by laboratory work, will not be forfeited. The most
constructive appreciation of the application of remote
laboratories can be obtained if there is a conscious effort
taken to facilitate the experimental procedures which would
be used in a proximate setting to be unaltered when the same
experiment is being conducted remotely. In this way, a
superficial observation might be stated that compared to
conventional proximate laboratories where students all enter
a room and stand around benches of equipment and
apparatus, remote laboratories are not influencing learning at
all – the same experiments can be carried out on the same
equipment, with the same students learning the same
concepts, with the only difference simply being spatial.
A more realistic assessment though, uncovers some
subtleties – in a proximate laboratory, students are usually
grouped at an experiment and there are undeniably
interactions both intra- and inter-group during the course of
conducting the experiment. These interactions can have a
significant effect on the learning experience – and hence the
learning outcomes which are achieved. There will also
typically be a laboratory staff member (teaching assistant,
tutor or facilitator of some description) present, and their
interaction with the students can be seen to take two forms:
“Consultative” – the students attempting to conduct an
experiment wish to seek advice and approach the staff
member for assistance, and “Interrogative” – the staff
member will instigate an interaction as a way of prompting
students to consider and reflect (for example, “What are you
expecting to achieve by measuring that?”). These sorts of
interactions are limited when laboratory work is carried out
remotely and are one of the foci of our ongoing
investigations. In particular, we are interested in the nature
of the tripartite interaction between the technological

infrastructure used in remote laboratories (both hardware
systems and especially the software environment), the
characteristics of the interactions which students experience
in using remote laboratories, and the learning outcomes
which these interactions support. It is the first of these
elements which is the focus of his paper. We consider a
particular architecture which we have utilised and how this
relates to student interactions and learning.
THE HYBRID ARCHITECTURE
One of the design challenges in the practical development of
a remote laboratory is provide a consistent user access
facility to what may be a collection of varied experiments.
Within the remote laboratory at the University of
Technology, Sydney (UTS) there are currently five
collections of significantly different experiment apparatus
and equipment [4],[7]-[8].
•
•
•
•
•

Microcontroller design (Embedded Operating System
Experiment) – Computer Systems Engineering.
Beam Deflection (Loaded Beam Experiment) – Civil
and Construction Engineering.
Dynamics and Control pneumatics (PLC Experiment) –
Mechanical and Mechatronic Engineering.
Fluid Mechanics (Coupled Water-Tanks Experiment) –
Mechanical Engineering.
Programmable Hardware design (FPGA Experiment) –
Computer Systems Engineering.

The current facility is shown in Figure 1. Whilst sharing a
common architecture, the specific interfaces and access
mechanisms vary. One involves the use of Linux hosted
software development tools which are character-based and
accessed through terminal sessions, yet provides a webbased output user interface [4]. Others require windows
based development tools to be available to the user in order
to create control programs for industrial PLCs
(Programmable Logic Controllers), and still others have
been constructed to present a LabVIEW derived application
to the user to manage the testing of control algorithms for
coupled tank apparatus models [7]-[8].
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FIGURE 1
UTS REMOTE LABORATORY FACILITY

The heterogeneity of the experiment types (and the preexisting tools which are important to their use) complicates
the development of a unified user access system. One
common feature amongst the experiments is the multiplicity
of apparatus types. For example, there are up to one dozen
microcontrollers all of the same type to be allocated to
students as they request access to conduct particular
laboratory experiments, five PLCs all with identical
configuration and attached electromechanical actuators, and
three identical sets of coupled tanks fluid level control
experiments. A suite of programs running on a main server
work in collaboration to allocate apparatus to students from
the pool of unused devices, queuing the allocation requests
when necessary. This software system (the “Arbitrator”)
transparently handles a request for a piece of apparatus from
a student and their authentication and authorisation, the
allocation of a particular piece of experimental apparatus
and the connection of the user interfaces presented to the
student to the selected device. When a session of use is
completed by a student, the Arbitrator reclaims the
apparatus, re-initialises it so that it has a state that is healthy
for the next usage session and returns the device to the free
pool. The Arbitrator directs resource allocation and does so
without direct user interaction, however it does not attempt
to deal with the differing user interface and client-side
requirements.
Many engineering laboratory exercises require specialised
software tools to be available to the user. Examples include
tools to develop bitstreams for Field Programmable Gate
Array (FPGA) devices, and student-edition versions of
proprietary tools for constructing PLC programs in ladderlogic. Ordinarily, this would require that a licensed version
of the tool at the correct maintenance level be installed by
the student on the remote client computer that they are using
to carry out a remote laboratory experiment. This is a
logistical requirement which is not without cost and
complication. It might transpire that the tool is available as
an accompanying aid to a textbook, which alleviates

acquisition cost – but that doesn't reduce the cost of the
requirement that it be installed and correctly configured at
any/every computer that the student might use over the
period of time that they complete a potentially complex
laboratory assignment. As well as installing it on a studentowned computer at their home, they may also then need to
install it on a computer they might have access to at their
place of work, or on a computer available in their
university/college computing centre. These last two
environments would almost certainly be controlled by policy
preventing the ad-hoc installation of programs by users, and
license restriction on the student-edition software might
require it be uninstalled from their home computer before an
attempt could be legally made to install elsewhere. Finally,
the software tool might make demands upon the operating
system type and version resident on the computer that the
student would be attempting to install the tool on. These
administrative encumbrances make attempting to complete
laboratory work remotely problematic, which is in conflict
with one of the principle goals of remote access laboratory
work.
The solution which we have adopted offered an elegant sidestepping of these problems. The approach was to use
virtualisation software on the Linux-based remote
laboratories servers (in particular, VMware) to set up virtual
windows machines running on the remote laboratories server
[9]. All necessary operating systems software (of the correct
type and release level) was installed into the virtual
machines, and any user-level software tools the students
might require was also bundled into the remote virtual
machines. Upon login and experimental apparatus selection
by the student, a virtual machine is started up to run the
correct version of the guest operating system and required
user programs. A desktop is then exported from this virtual
machine by the remote laboratories’ server to the client
computer used by the student – this graphical user interface
(GUI) is then used in an intuitively obvious way by the
student, as if it was running on the user's local machine. This
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technique offers a hybrid approach to systems architecture.
In effect, the remote client computer being used by the
student acts as a remote interface to a virtual machine
running locally on our servers, and this local virtual machine
can then interact directly with the laboratory hardware as
necessary.

BENEFITS AND LIMITATIONS OF THE HYBRID
ARCHITECTURE

FIGURE 2
UTS REMOTE LABORATORY ARCHITECTURE

This hybrid architecture offers management and logistical
benefits that are easily identified – client side computers
have no special software requirements along the lines of
application software installation and configuration which
increases availability and access to the remote laboratory.
The only requirements are a web browser and remote
desktop connection software – both of which are supplied
standard with recent versions of Microsoft Windows and
have comparable alternatives which may be suitable for use
on other client operating systems. Apart from these benefits,
this architecture makes rich control and monitoring
interfaces reasonably easy to implement. Specialised
applications can be constructed using laboratory
instrumentation toolkits and development environments like
LabVIEW. These provide real-time control inputs and a
diverse collection of outputs including tables, charts and
graphs of physical parameters within the experimental
apparatus. These elements can be collected by the
experimenter and included within documents prepared by
the students as reports for assessment.

The resultant architecture, as shown in Figure 2, comprises
an Arbitrator to manage access to laboratory resources, a
Web interface to support student interaction with both the
Arbitrator and some elements of the interaction with the
hardware (such as video feeds of the equipment operation),
and the virtual machines used to provide richer access to
laboratory-specific interaction software applications when
needed. Figure 3 shows the student interface for the Beam
Deflection experiment. The left part of the screen shows a
Web browser being used to provide video information from
the experiment. The right part of the screen shows the
interface to the virtual machine running on the local server,
and (in this case) running a custom application for
controlling the Beam experiment.

One potential negative side effect is a demand that the
student be capable of completing somewhat more complex
interaction processes (needing to use a Web browser to login, be allocated equipment, and then access some elements
of the experiment – particularly video feeds – but also
needing to use the virtual desktop to access other elements
of the experiment). However, carefully constructed user
documentation by academic staff along with a demonstration
completed by knowledgeable technical staff can reduce the
severity of any possible problems to do with user familiarity.
A significant bandwidth demand is also inherent in this
architecture, but that is less significant with continually
evolving hardware and the cost-effectiveness of networking
infrastructure.

FIGURE 3
STUDENT INTERFACE TO THE BEAM DEFLECTION REMOTE
LABORATORY

A cohort of students using a remotely accessible PLC
laboratory [7] were surveyed before and after their use of the
laboratory at the UTS 2007 Autumn semester (FebruaryJune 2007). Of 43 students to use the remote laboratory, 21
were located in and around Sydney NSW and 22 were
located in and around Perth, WA. The remote laboratory is
located on the Broadway campus of the UTS and the cities
of Sydney and Perth are separated by a distance of
approximately 3,900 km. A pair of pre-use and post-use
surveys were aimed at collecting a variety of observations
pertaining to the use of the remote laboratory, but the subset
that is relevant in this paper focused on gauging the
effectiveness of the hybrid architecture. Of the population
surveyed, 79% reported that they felt either “fairly”, “quite”
or “very” comfortable with the process of remote interaction
with the equipment and apparatus. Possibly the most
relevant outcome is that there was no marked difference in
responses related to learning between the students in Perth
and those in Sydney, but the Perth based students were
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attracted to the idea of this degree of “remoteness”. We
would contend that the hybrid architecture is responsible at
least in part, for the observation that the greater majority of
students were at ease with the process of accessing the
remote laboratory and conducting interactive experiments.
Finally, one other feature of the hybrid architecture which is
beneficial is that there is no anticipated limits on scalability
and flexibility. As more remote laboratories are evaluated
and considered for development, it is likely that this
architecture will accommodate them. More virtual machines
can be created on the servers with each being a container for
the user application software necessary to permit the student
to complete their assigned laboratory exercises. The
scalability as already been demonstrated as we have grown
from a single experiment with a small number of stations to
5 different experiments (with several more currently under
development) with multiple stations in each case. This
growth has not necessitated any significant changes to the
core architecture of our system.
CONCLUSION
The hybrid remote laboratory architecture presented here,
builds on the many advantages that remote laboratories
offer. It represents a robust solution to the problems of
management of a varied collection of experiments, yet
simultaneously reduces the effort required by the end user to
obtain access to the equipment and to the specialized
software tools that are required to configure and complete
the experiment. Furthermore, it is not likely to introduce a
limit with respect to scalability in the context of future
expansion.
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Abstract
It is readily acknowledged that within any learning environment there are a complex array of factors
that influence learning outcomes and learner satisfaction and achievement. The recent move to
remote laboratory experiences sees the introduction of an environment with additional factors for
consideration by course designers. Given that the field is relatively young and experimental in
nature, much of the focus in this area has been on the development and implementation of laboratory
infrastructure, with the corresponding evaluation framework being focussed predominantly on
student and faculty satisfaction with this process, rather than learning ourcomes. Concurrent with
this approach, attempts to develop a set of standardised criterion for the evalution of these laboratory
experiences (particularly in terms of the extent to which they support student learning) have only
been made by a few notable authors although for the most part this still represents a key challenge to
be further addressed.
One of the critical factors impacting upon the difficulty in evaluating the success or otherwise of
remote laboratories is the lack of clear objectives for engineering laboratory experiences. Many
educators, when developing both proximal and remote laboratory experiences, have either not
explicitly defined learning objectives or have only done so in terms that make it difficult to assess
whether those objectives have been achieved. Another factor worth noting is the lack of agreement
as to which of the three laboratory formats (i.e. traditional hands-on or proximal; simulation; and
remote hands-off) is more efficient and best facilitates effectiveness in student learning.
The literature which does exist on remote laboratory evaluation is somewhat contradictory. While
some research has shown that there is no discernible difference between students performing an
experiment in person versus students performing an experiment remotely, there is other evidence
that students’ performances on different criteria vary according to the form of access used. Further to
this point, recent literature suggests that for certain educational objectives certain technologies, when
coupled with associated coordination processes, may achieve educational goals more effectively.
IF we move beyond simple achievement of learning outcomes, we can investigate the relationship
between these outcomes and the the particular characteristics of the different access modes, and in
particular whether the remote mode enhances certain learning outcomes rather than others. Various
factors have been observed in the literature as being of significance in this regard. Some of these
issues such as the separation of the learners and the equipment, and the impact of presence and the
type of interaction on the nature of the learning experience of students, have been previously
considered in the literature on Distance Education. However in acknowledging this previous work,
the literature on remote labs is generating a discussion of related issues that may serve as possible
explanations as to why remote (and simulated labs) appear to do as well or better than traditional
hands-on labs in promoting understanding of course concepts. Such factors include the importance
of the level of tutor assistance, the learning styles employed by students and the benefits of prior
learning and experience to students’ educational experiences.
The development then of a prescribed evaluation framework for remote lab education has seen many
researchers adopt descriptive research designs commonly in use prior to the advent of remote labs.
These have typically included pre and post knowledge tests to measure learning effect as well as
student surveys and faculty feedback on “identified” quality indicators of the online experience.
Although some instances exist where researchers have utilised a pedagogical framework to underpin
their investigations, there is opportunity to further link such research with work already conducted in
other fields such as distance education and e-learning. This is particularly so given that a number of
learning theories and approaches (e.g. social presence theory, social constructivism, transactional
4

distance theory and learning space theory) have arisen to underpin this literature and may prove of
some assistance in terms of a framework that the engineering education community may adapt to
guide its own assessment and evaluation efforts.

Introduction
It is readily acknowledged that the environment in which learning takes place, whether online or face
to face, involves a complex array of factors that influence learner satisfaction and achievement (Stein
and Wanstreet 2003). These factors, as they relate to the online learning experience, may include an
understanding of the relationships between the user and the technology, the instructor and students,
and the relationships among the students (Gibbs 1998). How best to assist students to be successful
in such a learning context is a significant task, as the determinants of the traditional classroom
experience are irrevocably changed. Learning activities as applied to the online learning environment
must take into consideration group dynamics, social interaction and instructional technology (So and
Brush 2006) with course designers having to address major challenges such as the increasing time
for delivery of the course, creating a sense of online community, and encouraging students to
become independent learners (Wiesenberg and Hutton 1996).
The development of remote engineering educational laboratories during recent times has seen many
course designers face similar hurdles to those of other researchers in the online and distance
education learning environments. One of the distinct challenges implicit to this process is that the
literature is either spread across many fields (Amigud, Archer et al. 2002) or is focused in
Engineering (Ma and Nickerson 2006). The reasons for the later phenomenon are varied, with Ma
and Nickerson (2006) observing the following reasons as to why much of the literature appears to be
focussed in the Engineering domain:
i) Engineering is an applied science and laboratories are a place to practice the application of
scientific concepts;
ii) Engineering educators are more likely to create technology enriched laboratories; and
iii) No off the shelf remote laboratory systems are currently available and therefore educators
who desire them are more likely to develop these themselves if they have the skills.
Certainly it may be argued that this is indicative of the significance of laboratories to the teachingresearch nexus in this discipline.
Other factors worthy of a more detailed consideration will be discussed in the following sections.

1.0 Assessment of Online Laboratories
The establishment of criteria for the structured assessment of remote laboratories is still rare in the
literature (Amigud, Archer et al. 2002; Sicker, Lookaburgh et al. 2005; Ma and Nickerson 2006);
and provides an indication that the field is relatively young and experimental in nature (Sicker,
Lookaburgh et al. 2005). The work by Amigud, Archer et al.(2002) is a point in hand. Having
assessed one hundred laboratories from fifteen disciplines, (Amigud, Archer et al. 2002) observed
that while 71% of laboratories have a clearly defined educational goal, only 22% assess their
students’ performance. Furthermore, whilst many laboratories (72%) acknowledged the importance
of student assessment and readily possessed an assessment feature, more often than not such a
feature was only a recent addition, having for the most part been developed within the last four
years.
1.1

Quality Indicators:

5

While it has been observed that the majority of work regarding the application of remote labs does
not in general go beyond a cursory assessment of educational outcomes (Sicker, Lookaburgh et al.
2005), it is acknowledged that a framework for the evaluation of the lab experience is critical,
particularly in ensuring that the effectiveness of the implementation is measured suitably and to
assist in the design of the remote laboratory (Imbrie and Raghaven 2005).
To this end, attempts to address matters of implementation and design have been concurrent with the
desire for the achievement of quality in online education and have proven motivation for various
authors to endeavour to identify quality indicators for online engineering education and their
importance, as perceived by students and faculty in measuring the success of the online experience.
The challenge of identifying appropriate quality indicators has been addressed from two perspectives
then, the first being relative to the expectations of students (e.g. Amigud, Archer et al. (2002), Patil
and Pudlowski (2003); Cohen and Ellis (2002) and the latter being driven by course content (e.g.
Mbarika, Chenton et al. (2003). A consideration of these prescribed lists of essential characteristics
(see Table 1) highlights some factors of commonality and importance that can be considered in the
design of online labs and assessed during evaluation. These include the level and speed of
interaction, clear articulation of expectations, timeliness of feedback, and access (Imbrie and
Raghaven 2005).
TABLE 1: Essential Characteristics for Online Engineering Education
Amigud et al.
(2005)
•
•
•
•
•
•
•
•
•
•

Clear goal statement
VARK support
Interactivity
User guide
Quick to download
Website easy to navigate
Aesthetic appeal
Chat function
Links to helpful ancillary
information
Accomplishment of goal
verified by student test results

Mbarika et al
(2003)
•
•
•
•
•
•

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

Patil and Pudlowski
(2003)
•
•
•
•
•
•
•

User friendliness
Appropriate engagement for
self motivation
Simple web delivery methods
Learner centred focus
Opportunities for learners to
test theories
Facilitation of active learning
Facilities for self-assessment
throughout the learning
process.

Cohen and Ellis (2002)
Factor 1: Instructor-Student
Interaction
• Connection with professor
• Effective instructor-tostudents communication
• Effective student-to-instructor
communication
• Feedback clear, timely and
meaningful
• Expectations clearly
articulated

Factor 2: Student-Student
Interaction
• Connection with other students
• Effective student-to-student
communication
• Peers adequately prepared for
online course
• Class size

Factor 3: Class Organisation
• Immediately engages the
student
• Learner (student) centred
• Anytime, anyplace learning
• Self paced schedule
• Simulates an in-class feel
• Incorporation of leading edge
technologies

Previous work in the literature regarding e-learning has made similar attempts at determining
appropriate (design) metrics for evaluating student interaction with an electronic learning system.
Most notably, the work of CMEC (2001) and Sivakumar (2003) have addressed this matter from
student, university/instructor/facilitator and technology viewpoints. These design metrics are listed
below in Table 2.
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TABLE 2: Design metrics for evaluating student interaction with an e-learning system
Student-centric design factors
University-centric design factors
CMEC (2001)
• Ease of use
• Learning at anytime
• Learning at any place
• System availability and ease in locating facilitator
• Quality of inter-student interaction and multi-media
exchanges
Sivakumar (2003)
• Privacy and secure communication
IMS Global Learning Consortium (2003)
• Real-time perception

Sivakumar (2003)
• Accessibility
• Reliability of system
• Help available
• Responsiveness of the system and appropriateness of
system response to student input
• Support for multiple simultaneous student interactions

Sivakumar and Robertson (2004) note that good e-learning encourages the student to spend time
electronically to bring about learning and in particular it requires effective real-time, reliable and
secure student interaction. For this to occur there is a need to customise and personalise the
interaction, learning process and communication channel, thereby ensuring that student interaction is
successful through a two-way, integrated, recorded and managed process. Student interaction is a
key aspect to the efficacy of the e-learning process as other steps in the process are reliant on this
phase. These include addressing the pedagogy employed in instructional design, infrastructure
management for delivering learning materials and tracking student performance for grading
purposes. Schocken (2001) concurs that online learning design objectives include tailoring course
content and technological capabilities to address how students engage in learning, fostering effective
learning strategies, providing a rich repertoire of resources and aids, and articulating an instructional
design that incorporates the latest techniques in pedagogical research in order to support learning at a
pace that is comfortable to the student.
Given these considerations, the university-centric metrics by which e-learning resources may be
evaluated can be drawn from curriculum quality; ease of use; continuous student assessment
methodology; real-time feedback to track student performance; multimedia simulations;
laboratories and user interaction; and enhanced problem-solving techniques on an individual or
group basis (Dorneich 2002; Sivakumar 2003).
Educational bodies too have recognised the need to address educational quality in online learning
environments. The Sloan Consortium has identified and adopted five key pillars of quality online
learning to be utilised as a means for creating explicit metrics for online education and gauging
progress in the field. These include learning effectiveness, cost effectiveness, access, student and
faculty satisfaction (Barraket, Payne et al. 2001; Bourne, Harris et al. 2005). Similarly, a 2001 report
by Department of Education Training and Youth Affairs (DETYA) regarding an evidence based
approach to the usage of computer and information technology (CIT) in higher education
recommends not only a focus on determining how CIT can cost effectively add value to students’
learning, but also comments that decisions regarding usage should be informed by evidence which
supports that any improvements to learning contribute to the achievement of the objectives of the
respective learning program (Moulton, Lasky et al. 2004).
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1.2
Laboratory Aims and Objectives:
Ma and Nickerson (2006) observe that a number of approaches have been adopted to associate
laboratory aims and outcomes in the literature regarding remote engineering laboratories. These have
included Fisher (1977) proposing that the variance between ideal aims and actual results should be
used as the assessment criterion to evaluate laboratory learning outcomes, to the development of a
checklist of different learning aims with relative weightings (Boud 1973; Rice 1975; Cawley 1989).
Others, most notably Hegarty (1978), has also argued for a change in the primary focus of laboratory
work to that of purely scientific inquiry.
More recent reviews have discussed different approaches to investigating lab work (Scanlon, Morris
et al. 2002), a consideration of LabView-based laboratories with respect to both simulated and
remote laboratories (Ertugrul 2000) and attempts at the development of criterion for assessing virtual
laboratories (Amigud, Archer et al. 2002; Patil and Pudlowski 2003). Ma and Nickerson (2006) note
that whilst these later reviews provide invaluable insights in studying laboratories, they are limited to
within their focus topic.
In keeping with the observations of Ma and Nickerson (2006), efforts to come to a general
agreement on the objectives of engineering instructional laboratories or to develop a comprehensive
set of objectives has been lacking in the literature, with there being many instances in which
educators have not explicitly defined objectives at all or when doing so, doing so in terms that make
it difficult to assess whether those objectives have been achieved (Feisel and Rosa 2005). This state
of affairs was particularly highlighted to the Accreditation Board for Engineering and Technology
(ABET) when distance education programs began inquiring about accreditation and it became
apparent that whilst criteria existed for evaluating the cognitive component of engineering education,
no such understanding existed for laboratories. Working in conjunction with the Sloan Consortium
during a colloquy session, the ABET defined objectives for evaluating the efficacy of distance
delivered engineering laboratory programs in line with the key educational question – “What are the
fundamental objectives of engineering instructional laboratories?” independent of the method of
delivery. The hope of these objectives is to not only prompt discussion as to why laboratories are
important and what characteristics are entailed in a good laboratory exercise, but to also direct and
facilitate curricular discussions and assist in the judgement of effectiveness of practises in
institutions (Feisel and Rosa 2005).
The fundamental objectives of engineering instructional laboratories (Feisel and Peterson 2002)
were defined as follows:
Objective 1 – Instrumentation. Apply appropriate sensors, instrumentation, and/or software tools to
make measurements of physical quantities.
Objective 2 – Models. Identify the strengths and limitations of theoretical models as predictors of
real-world behaviours. This may include evaluating whether a theory adequately describes a physical
event and establishing or validating a relationship between measured data and underlying physical
principles.
Objective 3 – Experiment. Devise an experimental approach, specify appropriate equipment and
procedures, implement these procedures, and interpret the resulting data to characterise an
engineering material, component, or system.
Objective 4 – Data Analysis. Demonstrate the ability to collect, analyse, and interpret data, and to
form and support conclusions. Make order of magnitude judgements and use measurement unit
systems and conversions.
Objective 5 – Design. Design, build, or assemble a part, product, or system, including using specific
methodologies, equipment, or materials; meeting client requirements; developing system
specifications from requirements; and testing and debugging a prototype, system, or process using
appropriate tools to satisfy requirements.
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Objective 6 – Learn from failure. Identify unsuccessful outcomes due to faulty equipment, parts,
code, construction, process, or design, and then reengineer effective solutions.
Objective 7 – Creativity. Demonstrate appropriate levels of independent thought, creativity, and
capability in real world problem solving.
Objective 8 – Psychomotor. Demonstrate competence in selection, modification, and operation of
appropriate engineering tools and resources.
Objective 9 – Safety. Identify health, safety, and environmental issues related to technological
processes and activities, and deal with them responsibly.
Objective 10 – Communication. Communicate effectively about laboratory work with a specific
audience, both orally and in writing, at levels ranging from executive summaries to comprehensive
technical reports.
Objective 11 – Teamwork. Work effectively in teams, including structure individual and joint
accountability; assign roles, responsibilities, and tasks; monitor progress; meet deadlines; and
integrate individual contributions into a final deliverable.
Objective 12 – Ethics in the Lab. Behave with highest ethical standards, including reporting
information objectively and interacting with integrity.
Objective 13 – Sensory Awareness. Use the human senses to gather information and to make sound
engineering judgements in formulating conclusions about real world problems.
1.3
Assessment Practices:
Apart from a few examples indicating preliminary intentions of how evaluation will be undertaken
(e.g. Tuttas and Wagner 2002), the majority of literature has focussed on determining the feasibility
of remote laboratories or on the mechanics of providing remote access versus evaluation of actual
outcomes (Lindsay and Good 2005). Given this state of affairs, the popularity of descriptive designs
(e.g. surveys, interview, focus groups, observation and experimental designs) in the remote
laboratory literature is both unsurprising and well documented. That such practises are commonplace
is an outcome of both the observable advantages that such designs possess and a reflection that the
use of these research methodologies were commonly in place prior to the advent of the remote lab
experience and continue to be so as a matter of convenient habit. Olds, Moskal et al. (2005) point out
that the advantages of descriptive research include the efficiency in capturing data that cannot be
readily observed, the facilitation of probing opportunities regarding subjects’ responses, and its
usefulness in capturing behaviours that participants are unlikely to report. Of course, drawbacks also
exist and may range from difficulties in ensuring the accuracy of data due to its dependence on the
honesty of subjects, to low response rates and the need for significant time and labour investment in
order to collect reliable and valid data (Olds, Moskal et al. 2005).
The use of such designs then has seen particular relevance in the validation of evaluation
frameworks (as cited in the work of numerous authors mentioned in TABLE 1.), and has typically
included pre and post knowledge tests to measure learning effect as well as student surveys and
faculty feedback on “identified” quality indicators of the online experience (Lang, Mengelkamp et
al. 2003; Ogot, Elliot et al. 2003; Tuttas, Rutters et al. 2003; Dearholt, Alt et al. 2004). The focus for
such work has predominantly been to determine student and faculty satisfaction with the
implementation and development of relative laboratory platforms e.g. Rice, Owies et al. (1999);
Tzafestas, Palaiologou et al.(2005). However, whilst much of the literature agrees that increased
motivation and enthusiasm among students is often observed, and that students may potentially
benefit from exposure to more sophisticated hardware, it has been argued that the reliance on
anecdotal evidence and student surveys in particular is problematic. Lindsay and Good (2005) point
out that a fundamental problem with student feedback is the potential for dissonance between the
students’ perceptions of their learning and the reality of this learning. While students may be able to
determine a broad progress in their learning, this does not necessarily extend to a capacity to
adequately evaluate alternative access modes. Similarly, positive student feedback (a commonly
9

cited validation for research of this nature), does not necessarily equate to an improvement in
learning outcomes. In other words, irrespective of whether a student believes he/she has learned
better, the actual outcomes may differ somewhat and should not be predicated on assumption alone.
Research in the distance education field has highlighted similar concerns in regard to student
satisfaction, specifically as a means for evaluating course and faculty excellence (Gisburne and
Fairchild 2004). In particular, it has been suggested that there are varied student agendas,
motivations and expectations that occur readily in the distance education environment, but fall
outside the scope of academic excellence. Judgements of value and quality are subjective at best and
difficult to produce. By inference, consideration of satisfaction relative to the implementation and
development of laboratories is fraught with similar concerns.
The same can be said for faculty and academic quality and excellence which can also be viewed
from different perspectives (Trindade, Carmo et al. 2000). For those institutions that use student
satisfaction evaluations, rather than other measurable professional outcomes (Strother 2002), there is
an increased risk of finding themselves striving to meet the lowest students’ lowest expectations, and
in turn bringing about a drop in academic credibility. What may be more advantageous, is for
institutions to invest in the utilisation of student professional performance measures and outcome
assessments, which would benefit not only program participants and external stakeholders
(Kretovics and McCambridge 2002), but could also provide a means for systematic measurement for
continuous faculty, course and program improvement (Gisburne and Fairchild 2004).
In this respect, Olds, Moskal et al (2005) propose that the research already undertaken in education
provides a framework that the engineering education community may adapt to guide its own
assessment and evaluation efforts. Indeed, partnering with educational researchers to support and
compliment efforts in engineering education assessment should provide fruitful outcomes and
opportunities for rapid advancements within this field.
1.4
Definition of Laboratories:
Whilst Ma and Nickerson (2006) have provided definitions of the three types of laboratories (see
TABLE 4), they are quick to point out that such definitions have been inconsistent and ambiguous in
previous literature with various authors utilising different nomenclature. For example, remote labs
have also been called web labs (Ross, Boroni et al. 1997), virtual labs (Ko, Chen et al. 2000),
distributed learning labs (Winer, Chomienne et al. 2000) or (more recently), hands off labs (Feisel
and Rosa 2005).
TABLE 3: Types of Engineering Laboratory
Type of Laboratory
Hands-On

Simulated

Remote

Source: Ma and Nickerson (2006).
Definition of Laboratory

Hands-On labs involve a physically real investigation process and possess
two characteristics which distinguish them from the other two labs: i) All the
equipment required to perform the laboratory is physically set up, and ii) the
students who perform the laboratory are physically present in the lab.
Simulated labs are the imitations of real experiments. The entire
infrastructure required for laboratories is not real, but simulated on
computers.
Remote labs are characterised by mediated reality. Similar to hands-on labs,
they require space and devices. In remote labs, experimenters obtain data by
controlling geographically detached equipment i.e. reality is mediated by
distance.
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1.4.1 Advantages and Disadvantages of Different Laboratory Types:
1.4.1a Hands-on/ Traditional Labs
The traditional methodology of utilising local laboratories for engineering education has been
predicated on the belief that such activities provide invaluable opportunities for measurement, data
collection, analysis and design activities, as well as for hands on experience of equipment, physical
devices and for empirical evaluation (Deniz, Bulancak et al. 2003).
In opposition, reasons for seeking out alternatives to the traditional format for engineering
laboratories have arisen due to disadvantages such as fixed time and place, limitation on the number
of equipment sets and hence the number of students who can use them, and the need for some rare
and expensive equipment (Deniz, Bulancak et al. 2003), all of which are subject to rising costs (Ma
and Nickerson 2006). These limitations on space and resources also impact specific groups of
students, particularly the special needs of disabled students (Colwell, Scanlon et al. 2002) and distant
users (Shen, Xu et al. 1999). Other reasons to find alternative lab set-ups include that the set-up and
calibration of hands-on labs are often disproportionately time consuming, they may not necessarily
represent the best example of teaching efficiency i.e. a closed laboratory setup is not necessarily the
most conducive to learning, and there maybe questions relating to feasibility and safety (Esche
2002a).
1.4.1b Simulated Labs
In response to the issue of increasing costs of hands on labs, labs that utilise simulation are seen as
an appropriate alternative, particularly as they may reduce the amount of time it takes to learn (Ma
and Nickerson 2006) and can readily provide opportunities for students to stop the simulation,
review the simulated process and better understand what has happened (Parush, Hamm et al. 2002).
In this regard, they also promote an active mode of learning that improves students’ performance
(Whiteley and Faria 1989; Faria and Whiteley 1990).
Other uses of simulation in the laboratory include as a pre-lab experience to give students some idea
of what they will encounter in an actual experiment (Hodge, Hinton et al. 2001), as stand-alone
substitutes for physical laboratory exercises which are then assessed by comparing the performance
of students who used simulation with those who used traditional laboratories (Campbell, Bourne et
al. 2002), and for experimental studies of systems that are too large, too expensive or too dangerous
for physical measurements by undergraduate students (Baher 1999; Lee, Gu et al. 2002; Svajger and
Valencic 2003).
Of course one of the main criticisms of simulation labs relates to their inherent artificial nature
which can translate into an inability to instil the sense of reality into the learner (Tuttas and Wagner
2001; Feisel and Rosa 2005), resulting in a disconnection between the real and virtual worlds (Magin
and Kanapathipillai 2000), and also inhibit opportunities for students to learn from trial and error
through a lack of realistic data Grant, 1995). The cost of running simulations is another issue worth
noting. It can be both expensive and time consuming to mathematically model many systems which
is the first step in developing a simulation environment, and in the complex process of making the
simulation as close to real as possible, close attention will need to be paid to a number of inner and
outer parameters (Deniz, Bulancak et al. 2003).
1.4.1c Hands-off/ Remote Labs
Proponents for the utilisation of Remote labs cite a number of advantages to this lab format. (Esche
2002b) provides a useful segmentation of the various advantages according to the perspectives of
students, instructors and institutions respectively. For students, the benefits of remote labs include
exposure to a comprehensive experimental experience without requiring physical access to a
building with specific experimental equipment ((Baranuik, Burrus et al. 2004; Peek, Depraz et al.
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2005), the encouragement of asynchronous learning as suited for non-traditional, commuting and
part-time students (Esche 2002b; B. Oakley II 2005), and students who are not conveniently located
to their institutions (Lindsay and Good 2004b), the promotion of self and collaborative learning
(Esche 2002b; Esche 2002a; Almgren and Cahow 2005) and the integration of self-assessment and
feedback (Esche 2002b). For instructors, the ability to monitor the remote use of experimental setups
and track student performances (B. Oakley II 2005) is matched by an increased flexibility in
tailoring experiments and the opportunity to include laboratory experiment demonstrations in
lectures (Esche 2002b; Almgren and Cahow 2005). For institutions, remote labs become the vehicle
to realise distance learning with an experimental component whilst providing an inherently safe
experimental environment (Esche 2002b; Lindsay and Good 2004b; Muller and Ferreira 2005).
Furthermore, strains on class schedules, equipment budgets and key personnel are reduced
(Salzmann, Gillet et al. 2000; Esche 2002b; Lindsay and Good 2004b), particularly where
universities are able to share laboratory hardware with other institutions or industry to provide
affordable real experimental data for a learning opportunity (Ogot, Elliot et al. 2002; Sonnenwald,
Whitton et al. 2003; Zimmerli, Steinemann et al. 2003; Lindsay and Good 2004b; Muller and
Ferreira 2005) and where the number of times and places students can perform experiments is
increased (Salzmann, Gillet et al. 2000; Canfora, Daponte et al. 2004; Almgren and Cahow 2005;
Muller and Ferreira 2005).
Other advantages to the use of remote labs include opportunities for student teams to collaborate
across multiple institutions and the use of synchronous tools for bringing experts live to a class
(B. Oakley II 2005), plus the provision of a multi-cultural environment via a network of online labs
that is appreciated by students and which effectively contributes to an improvement in their
communication and language skills (Muller and Ferreira 2005).
The main limitations identified regarding remote labs begin with the significant up-front investment
needed in development time and effort. This includes the need to address such issues as request
queuing, task scheduling, handling of equipment and network failures, and the design of feasible
experiments (Esche 2002b). Other disadvantages may be the loss of haptic experience (Muller and
Ferreira 2005), and the limited and conditional equivalence between the original experiment and its
remote implementation as experienced by students (Keilson, King et al. 1999). In particular,
students’ engagement with the experiments may suffer from distraction and impatience with the
computers, as they may not consider the remote lab experience as realistic (Nedic, Machotka et al.
2003). Another disadvantage focuses on the difficulty in enforcing independence of student work
(Esche 2002b).
1.5
Goal Model for Lab Education
Having reviewed the literature regarding engineering laboratories, and generally observing a lack of
agreement on what constitutes effectiveness in student learning plus a contradiction of results as to
which format is more efficient, Ma and Nickerson (2006) propose a four-dimensional goal model for
laboratory education. This model was designed to specifically test the hypothesis that “since
advocates of the competing technologies measure against different objectives, they all can claim
superiority, but each in reference to a different criterion.”(p.7)
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TABLE 4: Educational Goals for Laboratory Learning
Lab Goals
Description

Source: Ma and Nickerson (2006).
Goals from ABET
•

Illustrate concepts and
principles

•

Ability to design and
investigate
Understand the nature of
science (scientific mind)

Social Skills

Extent to which laboratory activities
help students understand and solve
problems related to key concepts
taught in the classroom
Extent to which laboratory activities
increases student’s ability to solve
open-ended problems through the
design and construction of new
artefacts or processes.
Extent to which students learn how
to productively perform engineeringrelated activities in groups

•
•

Professional Skills

Extent to which students become
familiar with the technical skills they
will be expected to have when
practicing in the profession.

Conceptual
Understanding

Design Skills

•
•

•

Social skills and other
productive team behaviours
(communication, team
interaction and problem
solving, leadership)
Technical/ procedural skills
Introduce students to the world
of scientists and engineers in
practice
Application of knowledge to
practice

When applied to a sample of 60 articles from the literature, the focus on educational goals differs
slightly from one lab type to another. For Hands-On Labs, a strong emphasis was placed on
Conceptual Understanding, Professional Skills and Design Skills respectively (see FIGURE 1). In
terms of Simulated Labs, the results skewed even more so towards Conceptual Understanding and
Professional Skills, with less than half of the articles discussing Design Skills (See FIGURE 2).
Remote Labs differed greatly from the previous two formats, with their focus being largely on
conceptual understanding and professional skills and very few addressing Design Skills or Social
Skills (See FIGURE 3) (Ma and Nickerson 2006).
While all lab types typically focussed on conceptual understanding and professional skills, the
teaching of design and social skills varied across the different formats, suggesting that the value
associated with each of these goals differs according to the approach taken by the relative educators.
In the way of explanation, Ma and Nickerson (2006) propose that the proponents of Hands-On Labs
may find other lab types to be lacking. This is particularly the case with regard to design skills which
many authors have argued for as the essential element of traditional laboratories (see Hegarty 1978;
McComas 1997; Magin and Kanapathipillai 2000). While the addressing of design skills and social
skills is present amongst the literature on Hands-On Labs, there is less focus on such goals with
regard to Simulated Labs and then relatively few examples with regard to Remote Labs. The
majorative absence of design skills in this literature may suggest that educators utilising this lab
format are more predisposed to assess their efforts with regard to conceptual understanding and
professional learning. They may not perceive that Remote Labs provide the best possible opportunity
to teach design skills, although they may provide some advantage in the teaching of both concepts
and professional skills.
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FIGURE 1: Educational Goals of Hands-On Labs.
Design Skills

13

Professional Skills

Social Skills

8

15

20
Conceptual
Understanding

FIGURE 2: Educational Goals of Simulated Labs.
Design Skills

9

Professional Skills

Social Skills

5

16

20
Conceptual
Understanding

FIGURE 3: Educational Goals of Remote Labs.
Design Skills

1
Professional Skills

Social Skills

13

4

19
Conceptual
Understanding
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1.6
Assessment model for investigating effectiveness of the three types of labs
In an effort to work towards resolution of the debate as to which type of educational lab is best,
Corter, Nickerson et al. (2004) present a model for investigating the relative effectiveness of handson, simulated and remote labs (see FIGURE 4). This model builds on previous work conducted by
Esche, Chassapis et al (2003).
The independent variables considered in this model are clustered into several areas as follows:
i.
Student characteristics including individual differences in abilities and cognitive style.
ii.
The topic or experiment performed including degrees of freedom, openness and whether the
data is good or bad.
iii.
The characteristics of the lab interface including hands-on versus mediated, real-time versus
batch mode of execution and audio versus silent.
iv.
The format of the educational laboratory i.e. whether the lab is hands-on, simulated or
remote. To be more specific, the perceived format of the lab such as whether the student
believes the lab is remote or simulated. Manipulations of these beliefs are referred to as
framing of the lab format.
FIGURE 4:

Assessment Model for Lab Types

Source: Corter, Nickerson et al. (2004)

Individual differences
Cognitive style

Hands-on/
mediated

Interface
Audio/ silent

SAT scores

Past grades

Ethnicity

Gender

Lab frame
Real-time/
batch

Hands-On

Simulated

Test scores

Experiment
Parameterized/
open

Goes right/
goes wrong

Remote

2 degrees/
3 degrees

Cognition

Lab scores
Preferences

More recent work by Nickerson, Corter et al (2007) provides a more comprehensive explanation of
the initial efforts of Corter, Nickerson et al (2004), providing additional aspects to this model.
FIGURE 5 illustrates the revised model with the following explanation:
i.
Three types of outcomes are measurable – student test scores, student grades and student
preferences for specific labs and their associated formats and interfaces;
ii.
Motivation is perceived of as an important factor in education and as such educators often
measure motivation (as an individual trait) by considering grade point averages, which is
shown as a variable in the individual differences box;
iii.
Experiment and experiment interface including purpose, openness (depending on whether the
problem, the method and the answer is given), complexity (more complex experiments may
be more appropriate to a particular type of laboratory); and design of the interfaces to the
equipment (hands-on versus mediated), and synchronous versus asynchronous
communication.
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iv.

v.

vi.

Social coordination and the coordination interface including communication between
students and between students and faculty; and collocated versus remote, and synchronous
versus asynchronous communication.
Lab frame and lab technology which includes whether the lab format is real, simulated or
remote. This is reliant on two factors - the technology underlying the lab may affect
outcomes or the perceived format may be critical (i.e. whether the student believes the lab to
be remote or simulated)
Individual differences including the cognitive style of students, SAT scores and past grades.

FIGURE 5:

Assessment Model for Lab Types (Revised) Source: Nickerson, Corter et al (2007)
Experiment
Parameterized/
open

Purpose

Simple/
Complex

Experiment Interface
Hands-on/
mediated

Synchronous/
Asynchronous
Motivation

Coordination

Test scores
Lab scores

Students

Faculty/ TAs

Cognition

Preferences

Coordination Interface
Colocated/
Remote

Synchronous/
Asynchronous

Lab Frame
Real

Simulated

Remote

Lab Technology
Real

Simulated

Remote

Individual Differences
Cognitive Style

SAT Scores

Past grades

The findings of both the Corter, Nickerson et al. (2004) and Nickerson, Corter et al. (2007) studies
were identical. Both studies indicated that more than 90% of the student respondents rated the
effectiveness and impact of remote labs to be comparable (or better) than the hands-on labs. This
level of equivalence was also demonstrated by analyses of exam scores involving specific lab
content. Such findings are consistent with the observations of other researchers who found that there
is no discernible difference in performance between students performing experiments on campus or
from a distance (Gurocak 2001; Ogot, Elliot et al. 2002).
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1.7
Learning Outcomes:
Linked to the question of efficacy of lab format, is whether or not the remote access modality
enhances certain learning outcomes in engineering education. While there are many examples of
studies conducted to evaluate the educational outcomes for online courses that evolved from lecture
styles courses (Baher 1999; Jimoyiannis and Komis 2001; Mackenzie and et.al. 2001) or laboratory
courses that are now purely simulation (Starr 1998; Mason 2000; Thiagarajan and Jacobs 2001),
very few studies exist that have considered the educational outcomes of remote labs (Ogot, Elliot et
al. 2003). The little work that has been undertaken in this regard however, suggests that there is no
significant difference between the educational outcomes from students who performed an
experiment remotely, versus those who carried out the experiment in-person (Ogot, Elliot et al.
2002; Ogot, Elliot et al. 2003; Tuttas, Rutters et al. 2003; Corter, Nickerson et al. 2004). Such
findings are similar in orientation to the majority of research in web based learning (WBL) which
has focussed on WBL effectiveness compared with traditional classroom learning (Taradi, Taradi et
al. 2005). According to a number of studies, there is “no difference effect” in performance between
students enrolled in the two environments (Phipps and Merisotis 1999).
However, work by Lindsay and Good (2002) has shown that students’ performances on different
criteria can vary depending upon the form of access used. In their work, while similar outcomes for
most criteria were produced for both the proximal and simulated approaches, results for the remote
approach appear to differ substantially on some criteria. Outcomes were notably poorer for the
Generation and Evaluation of Multiple Solutions, and Demonstration of Multiple Design
Techniques, whereas the Handling of Exceptions was stronger. Given that Lindsay and Goods’
(2002) work is only a pilot study and entails some inherent limitations (i.e. small class size and
possible lack of uniformity of criterion skill requirements between the assignments) these results
should be considered as indicative only.
This said, later work by the same authors has supported these preliminary results. Substantial
differences in student perceptions of learning objectives and outcomes appear to depend on the
access mode to experimental equipment. It appears (that depending on the access mode) students
infer different objectives for the laboratory class and also emphasize different outcomes. Lindsay
and Good (2004a) found that some outcomes appear to be enhanced by non-proximal access modes,
whilst others seem to be degraded. The remote access experience seems to promote Processing of
Data and Handling of Exceptions when these outcomes are considered as the primary objectives of a
laboratory experiment. Outcomes such as Identifying Assumptions and Limitations of Accuracy on
the other hand have been shown to be degraded by the simulation mode. The authors concluded that
non-proximal access modes served to change the deep learning outcomes of the laboratory class i.e.
the ability to understand and identify the behaviour of the system, both expected and unexpected.
Remote implementations then, are feasible and possibly desirable in promoting specific types of
learning outcomes.
Other authors have also identified similar findings and have noted the impact of access mode on
related student behaviours. For instance, Ma and Nickerson (2006) observe that with respect to the
effect of technology on cognition, students intend to treat remote labs the same as hands-on labs.
However, with respect to the effect of technology on action, this does not appear to be the case as
students treat remote labs differently. While students perceive that they will treat remote labs in the
same fashion as hands-on labs, students demonstrate an obvious preference for remote labs.
Although all students agree that hands-on labs are good for learning, remote labs are preferred for
their flexibility and convenience.
Likewise Corter, Nickerson et al. (2007) found that both remote labs and simulations appear to work
at least as well as hands-on labs in promoting understanding of course concepts specifically related
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to the lab topic. This suggests that in courses where the lab is intended to aid in conceptual
understanding of the course content, remote and simulation labs can be valuable tools and perhaps
even preferable to the traditional hands-on lab.
In keeping with this train of thought, Nickerson, Corter et al. (2007) theorise that for certain
educational objectives certain technologies, with associated coordination processes, achieve
educational goals more effectively. In other words, the application of the remote or simulation lab
format may prescribe certain educational advantages and disadvantages versus those of the proximal
lab format and vice versa. This is supported by Lindsay and Good (2005) who also observe that
alternative access modes may improve some learning outcomes of laboratory classes, at the expense
of degradation in others. Learning outcomes of either the remote or simulated mode differ from their
proximal counterpart in both positive and negative ways. For instance Lindsay and Good (2005)
found that the remote implementation was shown to emphasize hardware objectives in the students’
minds, while the simulation implementation emphasized theoretical objectives. Nickerson, Corter et
al. (2007) have tentatively entitled this as a theory of appropriateness, but have warned that further
research is necessary before such a theory can be formalised.
1.8
Factors impacting Learning Outcomes:
In considering then how the characteristics of the different access modes may impact educational
outcomes, there is a need to discuss various factors that have been observed in the literature as being
of significance. Such factors provide possible explanations as to why remote and simulated labs may
appear to do as well or better than traditional hands-on labs in promoting understanding of course
concepts.
1.8.1 Understanding Procedures and Time on Task
According to students’ responses, a significant proportion of time and attention in traditional labs
must be devoted to understanding the procedures to be followed and to setting up and taking down
equipment. In turn, less of the students’ focus can be given to developing conceptual understanding
of how the data and relevant theories/ concepts relate. However for students performing the remote
and simulated based labs, the notion of increased exposure, in which there is more “time on task”
during the data acquisition phase represents a significant advantage. In the technology enabled lab
setting, there is a greater opportunity to collect data individually and in turn, students (presumably)
have more opportunities to repeat experiments, vary parameters, observe their effects, and otherwise
structure their own individual learning experiences. As a direct consequence, this should lead to an
improvement in the development and assimilation of relevant knowledge in those students that are
exposed to such lab formats (Corter, Nickerson et al. 2007).
1.8.2 Social and Instructional Resources
Students’ use of social and instructional resources differs in the non-traditional lab formats (Corter,
Nickerson et al. 2007). Many students in the simulated labs were relatively unhappy with the
provided instructions on operating that technology and in turn more readily sought out the assistance
of TAs, fellow students and instructors. The possibility of misunderstood instructions or a lack of
(students’) experience with the equipment aside, the relative success of the simulation labs in terms
of learning outcomes may then be a result of students being forced to interact to a greater degree. As
a consequence, there is a need to consider further the impact of the quality of instruction or the
availability of instructor assistance, as well as the provision of access to asynchronous
communication media (see Tutor Assistance and Group Work and Collaboration).
1.8.3 Student Preferences for Lab Formats
Of interest, student preferences for certain lab formats in some way reflect the advantages that are
inherent to these access modes. For instance, remote labs are especially appreciated by students for
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their convenience, ease of setup and the relatively modest time required running the lab. Similarly,
the unique advantages of simulation labs are reflected in their higher ratings for presence and realism
measures, an outcome which is believed to be due to the perceived realism of the exercise as
facilitated by the students’ capability to interact with the display in the simulation, by changing
views, sensor points, etc. With regard to traditional hands-on labs, there is some argument for a
preference in the teaching of practical skills. Traditional hands-on labs may indeed represent the
only feasible manner by which students can learn such skills and this may well explain students’
ratings of proximal labs as having higher learning effectiveness versus remote or simulation labs
(Corter, Nickerson et al. 2007).
1.8.4 Learning Style of Students
The style of learning employed by students plays a significant role in the educational pathway and
teaching (Amigud, Archer et al. 2002). Although it has not always been clear as to the causal
relationship between learning style and academic performance (Hashemi, Austin et al. 2005),
students are likely to be prone to certain learning preferences which ultimately impact their relative
motivation and satisfaction in a learning environs (Sternberg and Grigorenko, 2001 as cited in
Hashemi, Austin et al. 2005). This includes the notion that a students’ cognitive style can affect their
preferences for educational media, including their interactions with hands-on versus remote labs
(Corter, Nickerson et al. 2004). As such, effective pedagogy must employ a multitude of modalities
that addresses various learning styles and preferences. In particular, instructional materials presented
in a variety of formats that are aligned to student preferences are more likely to engage and maintain
student attention (Mayer, 2002 as cited in Hashemi, Austin et al. 2005) and be conducive to learning
(Dillon and Gabbard 1998).
One such model that has seen some attention in the literature regarding remote labs is the VARK
Learning Preferences Theory. The VARK model supports the notion that there are four sensory
preferences utilised by students (Fleming and Mills 1992). These preferences can be described as
follows, and give rise to the acronym used to describe this theory i.e. VARK:
Visual – Members of this group like information to arrive in the form of graphs, charts, flow charts,
various diagrams, etc. They have a preference for all the symbolic arrows, circles, hierarchies and
other devices instructors utilise to represent what could have been presented in words (Fleming and
Bonwell 1997) and are particularly sensitive to matters like colour coding or spatial layout (Fleming
and Mills 1992).
Aural – Students with this preference learn best from lectures, tutorials and discussions (including
with other students), etc. and reflect that speech is the most common mode of information exchange
in human society (Kalnishkan 2005).
Read/ Write – People with this preference prefer to receive information from written or printed
words and learn best from textbooks, lecture notes, handouts, etc. It has been shown that many
academics have a preference for this modality (Fleming and Bonwell 1997).
Kinaesthetic – The last group relies on concrete multi-sensory experience and learn by doing.
Students in this group learn best from practical sessions, field trips, experiments, role-playing or
simulation, etc. In order for these people to acquire conceptual and abstract material they need it to
be accompanied by analogies, metaphors, and real life examples (Kalnishkan 2005). By definition
this modality refers to the “perceptual preference related to the use of experience and practice
(simulated or real)”, with a significant key being that the student is connected to reality, “either
through experience, example, practice or simulation” p. 140-141 (Fleming and Mills 1992).
Of interest, Fleming (1995) points out that an immediate addition to these four groups are the groups
of various multi-mode preferences. While there are only four different preferences on the VARK
scale, there are 23 different permutations of preferences. This is because within each single
preference, a person can have a mild, strong or very strong preference for that mode, plus a person
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can also be multi-modal, with any combination of the preferences (e.g. AR, WRK or even all four
VARK)(Allen 2005). Individuals with multi-mode preferences are able to acquire information and
gain effective understanding by using more than one mode equally effectively. In this circumstance,
students should be encouraged to try study strategies listed under their preferences that they may not
have tried previously, as experience has shown that students are inclined to be much more successful
if they develop a range of study strategies based upon their preferences. Conversely, it is not helpful
to utilise strategies that are outside students’ preference, such as mind-maps for students who do not
have a visual preference or mnemonics for students who have low read/write scores (Fleming and
Bonwell 1997).
A key strength of the VARK inventory then is in the promotion of “active reflection by students on
their learning activities” (Fleming and Mills 1992). It provides support to students who are having
difficulties with their studies and teachers who would like to develop additional learning strategies
for their classrooms that can be utilised on both an individual or group basis (Fleming and Bonwell
1997). However, it should be noted that the VARK has yet to be statistically validated and as such
the analysis of any data collected using the questionnaire is necessarily limited (Allen 2005).
The use of the VARK in the literature regarding engineering laboratories has thus been predicated on
its relative strengths. For instance, in an assessment of one hundred laboratories to establish a small
set of properties that any successful web-enabled laboratory needs, Amigud, Archer et al. (2002)
observed that VARK support was one of the top ten vital components of such labs. These authors
contend that the VARK model is an appropriate model to utilise as students use different learning
styles in their educational path. Latter work has considered how students’ sensory preferences
impact their interaction with lab access mode. Corter, Nickerson et al. (2004) correlated VARK
subscale scores with various student preference and satisfaction measures to determine the
possibility of students being kinaesthetically-oriented as relevant to predicting student success with
remote labs. They found that Total VARK score (claimed to measure comfort with multiple
modalities of information) did predict higher ratings of effectiveness for the remote labs versus
hands-on, and also predicted a lower rating of the importance of physical presence in the lab (as did
the visual style subscale score). These findings were replicated by Nickerson, Corter et al. (2007)
who also concluded that remote labs may be especially appropriate for students possessing a highly
visual or highly flexible learning style.
1.8.5 Prior Learning and Experience
The importance of prior exposure to information relevant to the laboratory experience of students
has been highlighted in the work of Ogot. (2003). In this study, students were randomly allocated to
one of two access modes, either remote or proximal. The students in the remote group were further
separated into two subgroups with one subgroup given an hour in the laboratory to go through the
pre-laboratory exercise, whilst the other subgroup was only permitted to attend the laboratory to
conduct the experiment. Results indicated that there were significant differences between the remote
subgroups that did and did not have an hour’s access to do the pre-laboratory, with those that were
provided with access performing better.
The work of Bohne, Faltin et al. (2002), Faltin, Bohne et al. (2004) and Bohne, Rutters et al. (2004)
has also highlighted the importance of prior experience. Entitled as “initial knowledge”, these
authors considered prior experience in terms of it being linked to the issue of self-directed learning
such that a lack of relevant knowledge (in this case knowledge of Java programming) would equate
to problems with self-directed learning and the need for special support from a tutor. Conversely
students with experience in programming will be able to work mostly independently as their level of
prior experience facilitates a degree of autonomous learning.
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1.8.6 Tutor Assistance
A significant limitation in many remote labs is the lack of tutor assistance experienced by students
(Bohne, Faltin et al. 2002). The importance of such a factor is accentuated in the learning
environment of the remote laboratory particularly as social cues are not as prominent and there is not
necessarily a high social relatedness between tutor and students (Faltin, Bohne et al. 2004). Although
a distinct advantage of remote labs is that they provide students with the opportunity for self-directed
learning in which independent, asynchronous, unsupervised access to hardware is the norm (Lindsay
and Good 2005), it has been pointed out that the presence of an expert mentor is critical in the area
of learning by doing (Shank and Cleary, 1995, as cited in Lindsay and Good, (2005). The laboratory
setting provides an example of a learning environment in which instructional support can be critical
to the learning process of students. In the remote lab then, the quality of instructional support (and
initial knowledge) may serve as more important predictors for the motivation and task success of
students versus any gradual difference in instructional method (Faltin, Bohne et al. 2004). However,
this said, observations of how students work in a laboratory setting without tutorial assistance has
shown that a combination of desktop sharing and video chat can be as effective as a support from a
local tutor. Such a combination makes for a communication and collaboration framework that
provides a high quality of instructional support in a remote laboratory with tele-tutorial assistance
(Faltin, Bohne et al. 2004). Of course, it should be noted that the change from supervised to
unsupervised learning in the laboratory setting facilitates a substantial effect upon the learning
experience, an effect which Lindsay and Good (2005) have argued is above and beyond any
difference that can be accrued to that of simply changing access mode.
1.8.7 Group Work and Collaboration
Of parallel interest is the issue of distributed group work. One of the characteristics of both distance
learning and similarly the remote lab experience is that students often do not share the same space
and thereby do not have the opportunity to share information to the same extent as their counterparts
who work side by side in proximal/ hands-on labs. Without support for communication, students
undertaking a remote lab are faced with a very strong sense of isolation. In order to address this
sense of separateness, there is a need to establish a social protocol through which students may
linger, talk about their findings, help each other, and form collegial relationships. Such opportunities
for collaborative learning in combination with active presence (Schnepf, Du et al., 1995 as cited in
Aktan, Bohus et al. 1996) and users having complete control over the environment and the freedom
to determine which action to take (Schank, 1993 as cited in Aktan, Bohus et al. 1996) immerse
students in a process of active learning. Aktan, Bohus et al. (1996) point out that the three criteria for
a successful distance learning application designed for laboratory teaching include i) active learning,
ii) data collection facilities and iii)safety.
In an attempt to determine how a collaboration process is related with meaningful learning in the lab
context, Ma (2006) considered students interactions with their group members in both hands-on and
remote labs. By focussing on time (synchronous and asynchronous), place (co-located and
distributed) and collectivity of the group (how groups structure their work: individually or
collectively) in order to capture the nature of group interactions in laboratories, Ma (2006) observed
that different collaboration designs were adopted by different student teams. These designs included
integrated collaboration, responsive collaboration and isolated collaboration as defined by
interaction intensity and closeness between group members. The results of Ma’s (2006) work
suggest that many factors, such as geographic distance and relationship histories between group
members, (which are less important in hands-on labs), may become critical factors in determining
the way students communicate and collaborate in remote labs. For instance, Team 1 favoured
physical interaction and group work. This reflected the large overlap in both personal and study
relationships of the group members and was also readily exhibited in the time they spent together
and in the real-time, face-to-face meetings to organise their interactions and finish the assignment.,
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Team 3 also utilised a similar communication style in hands-on labs (i.e. students ran the lab in the
classroom and used a real-time, co-located interaction pattern in the following stages of the
laboratory activity), however in remote labs, team members changed the way they contacted each
other, using more remote communication and relying on email and online chat. This reflected that
team members in Team 3 were not as closely coupled as those in Team 1. The final team, Team 2,
consistently worked remotely, asynchronously and individually. In the hands-on setting, team
members had no physical interaction except for running the lab in the classroom and a face-to-face
meeting to split up the work. In the remote lab, Team 2 used emails to contact each other and to
discuss issues only if necessary. The students in this team were only loosely connected and divided
up the work on more of an individual basis than the people in the both Team 1 and 3.
Research by Nickerson, Corter et al. (2007) also found that there was a great variability in the
strategies employed by student lab groups toward remote labs. While some student groups would
meet in a dormitory room and run the remote labs together, other groups would break up, run the
experiments separately and then reconvene the next day to discuss the results. However, in this
instance, the authors do not provide an explanation similar to that of Ma (2006), instead simply
proposing that students much prefer communication between themselves regarding any problems
they may encounter versus with faculty. Whether there was some impact due to the depth of
relationships between students was not explored.
Corter, Nickerson et al. (2007) noted that differences in lab formats led to changes in group
functions particularly in terms of coordination and communication between students. For example,
students did less face-to-face work when engaged in remote or simulated labs as they usually ran
labs individually in the data acquisition phase. In hands-on labs however, often only one student
interacted with the lab apparatus, while the remainder of the group observed. Depending on what is
considered to be the most important outcome of the lab (i.e. witnessing the actual physical
experiment, as in the hands-on situation, versus individual interaction and potential for multiple runs
of the procedure, as in the simulation and remote lab scenario), Corter, Nickerson et al. (2007)
postulate that the latter reasoning may be an observed advantage in learning outcomes for remote
and simulated labs.
This said, the authors also propose that possibly most of the learning for a lab experience takes place
after the actual lab session, when results are compiled, analysed and discussed. Given the
separateness of students undertaking the remote lab, the provision of opportunities for co-operative
learning in which there is group discussion and deliberations can be highly beneficial. However,
Corter, Nickerson et al. (2007) note that while most students perceive that group work aided their
understanding, the combination of individual and group work may provide better educational
outcomes. As an improvement on all-group work for instance, it may be best for the interactive
hands-on experience of individual experimentation to be followed by group discussion of the results.
In this regard the mix of individual and group work may be more important than the specific
technology platform used.
1.8.8 Interaction
Implicit to any discussion of tutor assistance and group work and collaboration in the remote
laboratory setting, is an understanding of interaction. Interaction has been noted as a defining and
critical component of the educational process and context (Ng 2007) and has received much
attention in the literature regarding learning theories with a particular focus on active learning that
promotes an increase in learning effectiveness. In describing active learning, two contexts for
interaction have been identified: individual and social. The individual context refers to interaction
between the individual learner and learning material. The social context refers to interaction between
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two or more people and learning content, and supports collaborative theories of learning (Bates,
1995 as cited in Webb and Webb 2005).
Two definitions of interaction have often been cited in the literature, beginning with Garrison (1993,
as quoted in Liaw and Huang 2000) who defines interaction as a “sustained two-way communication
among two or more person for purposes of explaining and challenging perspectives”. Moore’s
(1989) definition suggests three types of interaction including learner-content interaction, the process
of “intellectually interacting with content” (p.2); learner-instructor interaction, which attempts to
motivate and clarify misunderstandings about content; and learner-learner interaction, which occurs
“between one learner and another…with or without the real-time presence of an instructor”(p.4).
Interaction has commonly been addressed as a key issue facing program designers, particularly in
the distance education field (Egan, Jones, Ferraris and Sebastian, 1993 as cited in DeVries and
Wheeler 1996). In an attempt to improve the quality of the learning experience in distance learning
environments and enhance learning outcomes and student satisfaction, many distance educators have
incorporated collaborative learning methods among students (Graham, Scarborough et al. 1999;
McAlpine 2000; Curtis and Lawson 2001). This is particularly in light of research findings that show
that students benefit significantly from their involvement in small learning groups (Webb, Troper et
al. 1995; Barak and Maymon 1998) and that students are more motivated when they are in frequent
contact with the instructor (Coldeway, Macrury and Spencer, 1980 as cited in Hua and Ganz 2003).
However, while improvements in technology and access have provided increased opportunities to
employ such methodologies (Mangan, 1999; Grencher, 1998; Schrum, 1998 as cited in Schrum and
Hong 2002), student dissatisfaction and frustration with cooperative learning experiences highlights
the simple fact that students do not always work well in a co-operative manner. Similarly, employing
cooperative learning in distance learning environments is difficult to implement due to the lack of
immediate feedback, verbal and non-verbal cues, and face-to-face interaction (So and Brush 2006).
While the lack of face to face contact between instructors and students is perceived by many
administrators and faculty as a significant drawback in the delivery of distance education (DeVries
and Wheeler 1996) 1 , it has been observed that two way distance education systems which promote
high levels of interactivity and user control are best suited to instructional needs (Ellis and Mathis,
1985; Hackman and Walker, 1990, as cited in DeVries and Wheeler 1996). This perspective is
supported by Anderson (2003) who proposes that deep and meaningful formal learning is supported
as long as one of the three forms of interaction (student-teacher, student-student, student-content) is
at a high level. The other two ways may be offered at only a minimal level or even eliminated,
without degrading the educational experience. Anderson (2003) uses the term “equivalency of
interaction” to describe this perspective on interaction as it relates to online learning. In this respect,
interactivity can facilitate opportunities for distant learners to engage in a form of personal
involvement that can have a positive impact on learning and learner’s satisfaction and is essential to
effective mediated learning (DeVries and Wheeler 1996). In other words, interactivity can lead to
active learning, whereby students engage in some activity that forces them to think about and
comment on the information presented.
The effectiveness of the interactive learning experience however is not simply influenced by the
level or form of interaction and is subject to a range of diverse and complex factors (Ng 2007).
Using a survey instrument to examine perceptions of the relationship between interactivity and
learning in the context of online and flexible learning environments, Sims (2003) identified six
themes related to participants’ expectations of effective interactive online learning experience 1

Similar concerns have been raised in the literature regarding the development of remote laboratories in engineering
education as per the lack of teacher’s presence and online access (Machotka and Nedic, 2006).
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engagement, control, communication, design, the individual and learning. Sims (2003) argues that
essential determinants of the success of interactive, computer-enhanced learning environments
include an increased level of participation on the part of learners and the creation of learning
opportunities more aligned to the characteristics and preferences of individual users.
Fredericksen, Pickett et al. (2000) also identify and discuss a number of factors that impact on the
efficacy of online education – interaction with teacher, high levels of participation, interaction with
classmates, help desk, motivation, age, gender and computer skill level. They found that studentteacher and student-student interaction is critical to successful online learning, whereby frequent,
positive and personal interactions assist in bridging the communication gap created when face-toface courses are moved online. Opportunities for high levels of participation were also seen as a key
course design feature for promoting learning. In particular, courses which encouraged equitable
exchanges of ideas, in which the contributions of all students were valued, were seen as the preferred
option. Similarly, gender and age played a role in the levels of perceived learning in the student
cohort they investigated. The online classroom for instance appears to be a female friendly
environment with women reporting that they feel they participate at higher levels than men in the
classroom, that they learn more, that technical difficulties are less likely to impede their learning,
that they are more likely to want to continue taking online courses, and that they are more satisfied
with their specific courses and more satisfied with online learning in general than their male
classmates. In terms of age, perceived levels of learning differed significantly between younger
students (i.e. 16-25 years old) versus older students (i.e. 36-45 years old) with the latter reporting
that they learned the most and were the most satisfied with online learning. In this respect, (older)
students who are attracted to and succeed in online learning may share certain traits which age may
serve as indicator for. Such traits may include that they are voluntarily seeking further education, are
motivated, have higher expectations, tend to be older and tend to possess a more serious attitude
about their courses. Fredericksen, Pickett et al. (2000) conclude that in addition to these various
factors it is critical that instructors make a concerted effort to value student performance in order to
improve the outcomes of the learning process for students. This can occur in a number of ways. One
of these includes online discussion whereby students can learn more and are more satisfied when
online discussion is valued (graded), authentic (involves real questions), and frequent, and when
interactions are positive and enthusiastic. Another means is via portfolio assessment which respects
the learner and provides an opportunity for all students to excel.
The significance of student-instructor interaction is also worth noting in regard to student learning,
particularly as it relates to their pivotal role in maintaining students’ alertness in the classroom or
distance education setting, irrespective of whether the student is contributing or not (DeVries and
Wheeler 1996). Vicarious interaction, an internal state in which learners are participating by silently
responding to questions (Kruth and Murphy 1990), can result in students having more positive
attitudes regarding the instruction. In particular, if learners’ perceptions of interactions remain high
through vicarious or anticipated interaction (e.g. students being told that they would have subsequent
interaction), they are more likely to recall more facts than those who did not anticipate interaction
(Yarkin-Levin 1983). Likewise, structured interaction can also serve to engage learners, particularly
through using methods of advance notice of an expectation and opportunities for interaction
(DeVries and Wheeler 1996). For instance, students can be contacted prior to a classroom activity
(e.g. video conference) and asked to prepare suggestions and a response to a certain question which
they would be asked about at a certain time during the program. As these students know that they
will be called upon, they are kept engaged mentally during the conference as they feel the need to
relate the responses to the content being presented.
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1.8.9 Mental Perception of Hardware
Students’ engagement with hardware which is present in front of them in a proximal/ hands-on
laboratory can be quite different to hardware which is located elsewhere such as in another room.
This difference in engagement can significantly alter the nature of their learning experience (Lindsay
and Good 2005). Similarly, the feedback received by students can differ substantially between a
proximal/ hands-on lab versus its remote counterpart. While in the former instance, students’
interactions with the hardware is technology mediated, there still exists the opportunity for them to
inspect the hardware itself minus this mediation. In remote labs however, all of the students’
interactions including the processes by which they establish their understanding of the hardware, are
moderated by the technology (Lindsay and Good 2005), leading to a situation in which the student
may question the reality of the experimental experience (Bohne, Faltin et al. 2002). In the remote
setting then, establishing trust that student-initiated actions are being relayed to the distant site is a
prime concern in order to convey a genuine sense of actually being in the laboratory (Aktan, Bohus
et al. 1996). As students like to perceive and influence reality (Tuttas and Wagner 2001), the need to
consider the issue of presence and more particularly how to address the critical challenge of
establishing presence through the mediation of technology is of paramount importance (Lindsay,
Naidu et al. 2007).
1.8.10 Presence
The concept of presence has seen a great deal of attention in the literature regarding online learning
environments and distance education, and is of particular relevance to the remote laboratory given
the issue of separation of the learner and the equipment, and the impact this has on the learning
experience of students (Lindsay, Naidu et al. 2007). Such separation occurs in terms of both physical
and psychological distance, with the literature on distance learning illustrating that both are equally
important in determining the effects of separation, with the possibility that psychological distance
may be more meaningful (Shin 2003, as cited in Lindsay, Naidu et al. 2007).
Various attempts to explain the concept of presence have been made. The simplest definition of
presence is that it is the sense of being in a place. This view is supported by both Steuer (1992) and
Whitmer and Singer (1998). Steuer (1992) defines presence as “the extent to which one feels present
in the mediated environment, rather than in the immediate physical environment” (p.76). Similarly,
Whitmer and Singer (1998) refer to presence as “the subjective experience of being in one place or
environment, even when one is physically situated in another” (p.255). Whitmer and Singer (1998)
comment that presence is a perceptual flow requiring diverted attention and is based on the
interaction of sensory stimulation, environmental factors and internal tendencies.
Other authors have focussed on presence in terms of the “perception of reality” versus physical
reality. Biocca (1997 as cited in Lee 2004) determines that presence can be generalised to the
illusion of “being there” whether or not “there” exists in physical space. Kim and Biocca (1997)
propose that (this sense of) presence oscillates around physical (i.e. real environment), virtual
(mediated environment), or imaginal (e.g. daydreaming) environments. Such an approach is echoed
in later work by Biocca (2001) and also Bentley, Tollmar et al. (2003). Likewise, Loomis (1992)
defines presence as a mental projection of the physical object: As a phenomenal attribute it can only
be known through inference and is not a physical state. Sheridan (1999) too perceives of presence as
a ”subjective mental reality” whereby in order to distinguish reality from simulation, one must
quantify the amount of noise.
In an attempt to synthesize the previous conceptualisations of presence, Lombard and Ditton (1997)
identified six conceptualisations of presence worth nothing. These are presented below.
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TABLE 5: Different Conceptualisations of Presence
Conceptualisation
Subjective or objective
social richness
Perceptual or social realism

Source: Lee (2004).
Definitions

The warmth or intimacy possible via a medium. “Media having a high degree of social
presence are judged as being warm, of a medium personal, sensitive, and sociable” (Short
et al., 1976, p.66).
Social realism: realistic or plausible portrayal of the real world in that it reflects events
that do or could occur in the real world.

Transportation of self,
place or other selves

Perceptual realism: life-like creation of the physical world by providing rich sensory
stimuli. (Users perceive that the people and objects that they encounter in a virtual world
look, sound, smell, and feel like real people and objects.)
Telepresence in its original meaning – “being there” (Minsky, 1980; Reeves, 1991;
Sheridan, 1992).

Perceptual or psychological
immersion

The feeling that you are actually transported to a virtual world “You are there”), or the
feeling that the virtual world comes to you while you are remaining where you are initially
(“It is here”), or the feeling that you and your interaction partners are sharing a space in a
virtual world (“We are together [shared space]”).
Perceptual immersion: “the degree to which a virtual environment submerges the
perceptual system of the user” (Biocca & Delaney, 1995, p.57).

Social interaction with an
entity within a medium
Social interaction with a
medium itself

Psychological immersion: the degree to which users of a virtual environment feel involved
with, absorbed in, and engrossed by stimuli from the virtual environment (Palmer, 1995).
The degree to which users illogically overlook the mediated or artificial nature of
interaction with an entity within a medium (Lemish, 1982; Lombard, 1995).
The degree to which users illogically overlook the mediated or artificial nature of social
interaction with a medium itself (Nass & Moon, 2000).

Given their findings, Lombard and Ditton (1997) define presence as the “perceptual illusion of nonmediation” which occurs when a person fails to perceive or acknowledge the existence of a medium
in his/her communication environment and responds as he/she would if the medium were not there.
The term “perceptual” means that the feeling of presence “involves continuous (real-time) responses
of the human sensory, cognitive and affective processing systems to objects and entities in a person’s
environment” (p.77; (Lombard, Reich et al. 2000)). In other words, as it is a perception, presence can
vary from individual to individual; it can be situational and vary across time for the same individual.
The online discussion of Presence-L Listserv during Spring 2000 derived the following explication
statement of presence:
Presence (a shortened version of the term “telepresence”) is a psychological state or
subjective perception in which even through part or all of an individual’s current experience
is generated by and/or filtered through human-made technology, part or all of the
individual’s perception fails to accurately acknowledge the role of the technology in the
experience. Except in the most extreme cases, the individual can indicate correctly that s/he
is using the technology, but at “some level” and to “some degree,” her/his perceptions
overlook that knowledge and objects, events, entities, and environments are perceived as if
the technology was not involved in the experience. Experience is defined as a person’s
observations of and/or interaction with objects, entities, and/or events in her/his
environment; perception, the result of perceiving, is defined as a meaningful interpretation of
experience.
(Lee 2004)
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Most recently, Lee (2004) has defined presence as “a psychological state in which the virtuality of
experience is unnoticed”. Lee (2004) goes further and identifies three types of presence – physical,
social and self presence, which are based on the three domains of virtual experience. These are
defined as follows:
• Physical presence: “a psychological state in which virtual (para-authentic or artificial)
physical objects are experienced as actual physical objects in either sensory or non-sensory
ways”.
• Social presence: “a psychological state in which virtual (para-authentic or artificial) social
actors are experienced as actual social actors in either sensory or non-sensory ways”.
• Self presence: “a psychological state in which virtual (para-authentic or artificial) self/selves
are experienced as the actual self in either sensory or non-sensory ways”.
1.8.11
Constructs of Presence
Given the varied approaches to presence, it is important to note that in qualifying an individual’s
perceptions of others in a different place and time, two commonly discussed constructs in the
literature on presence have included telepresence and social presence (Shin 2003). A third construct,
instructor presence, has also seen some discussion, particularly given that it is central to a
consideration of the effectiveness of online learning (Mandernach, Gonzales et al. 2006) and is
related to discussions of social presence.
1.8.11a
Telepresence:
Martin (1981 as cited in Shin 2003) defines telepresence as involving a user’s sense that remotely
located people or machines are working as expected so that they can control them without being
physically present at the place. Telepresence is particularly useful when working in dangerous places
(e.g. mines or underwater) or when performing difficult surgical operations (Tammelin 1998).
Further definition of the term has included a referral to human-human interaction via communication
media. In this regard, telepresence is defined as “the use of technology to establish a sense of shared
presence or shared space amongst group members who are geographically separated” (p. 816)
(Buxton, 1993 as cited in Shin 2003). Another definition of telepresence has seen this notion linked
to the concept of cyberspace and virtual realities. McLellan (1996 as cited in Lee 2004) in particular
defines telepresence as a feeling of being in a location other than where you actually are.
1.8.11b
Social Presence:
Short et al. (1976 as cited in Lee 2004) define social presence as the “degree of salience of the other
person in the interaction and the consequent salience of the interpersonal relationships” (p.65). In
other words, social presence is the degree to which a person is perceived as “real” in mediated
communication (Richardson and Swan 2003). Short et al. (1976 as cited in Lee 2004) propose that
communications media vary in their degree of social presence, and that these variations are
important in determining the way individuals interact. The degree of social presence of a
communications medium is determined by the capacity of the medium to transmit information about
various factors including facial expression, direction of looking, posture, dress and nonverbal cues,
etc. Users of communication media are aware of the degree of social presence of each medium and
tend to avoid using particular interactions in particular media. Specifically, users avoid interactions
requiring a higher sense of social presence in media which lack such capacity. Short et al. (1976 as
cited in Lee 2004) also propose that the social presence of the communications medium contributes
to the level of intimacy and immediacy, in which intimacy is dependent on nonverbal factors (e.g.
physical distance, eye contact, smiling, and personal topics of conversation) and immediacy is a
measure of the psychological distance which a communicator puts between himself/ herself and the
object of his/her communication. Immediacy or non-immediacy can be conveyed nonverbally (i.e.
physical proximity, formality of dress, and facial expression) as well as verbally (Gunawardena and
Zittle 1997).
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Further research on social presence has examined whether the actual characteristics of the media are
the causal determinants of communication differences or whether users’ perceptions of media alter
their behaviour. (Gunawardena and Zittle 1997) found that social presence can be “cultured” and
unlike the findings of Short et al. (1976) is not simply an attribute of the communication medium.
They concluded that social presence is both a factor of the medium and of the communicators and
their presence in a sequence of interactions. Similarly, Tu and McIsaac (2002) insist that the degree
of social presence is based on the characteristics of the medium, as well as the users’ perceptions.
They define social presence as the degree of awareness of another person in an interaction and the
consequent appreciation of an interpersonal relationship. They argue that perception of social
presence, initially seen as an attribute of the medium, varies among users and should be viewed as a
subjective quality, depending on the objective quality of the medium. While Tu and McIsaac (2002)
also recognise intimacy and immediacy as two key concepts of social presence, they highlight three
dimensions of social presence worth due consideration. These include Social Context - task
orientation, privacy, topics, recipients/ social relationships, and social process; Online
Communication - the attributes of the language used in online and the applications of online
language (e.g. text-based format); and Interactivity - the activities in which computer users engage
and the communication styles they use.
Social presence has also been perceived of as an important factor related to sense of community
(Rovai 2002). In this respect social presence can be defined as the ability of learners to project
themselves socially and emotionally as real people in a learning community (Garrison, Anderson et
al. 2000). It can be regarded as a measure of the feeling of community that a learner experiences
(particularly) in an online environment (Tu and McIsaac 2002). As such, social presence has seen
further discussion in the literature on instructional communication.
1.8.11c
Instructor Presence:
The importance of the instructor in learner efficacy can not be understated and instructor presence
forms a key distinction between online versus traditional education (Mandernach, Gonzales et al.
2006). Whereas traditional instructors may readily utilise their physical presence to signal their
active involvement with a class, online instructors must actively participate in the course to avoid the
perception of being invisible or absent (Picciano 2002). Of course a sense of presence or feeling of
community does not just occur in an online environment (Ubon and Kimble 2003), nor can it be
mandated by an instructor/ facilitator (Cook 1995). However, the instructor can play an important
role in facilitating a sense of presence through the implementation of various strategies and
techniques which serve to increase feelings of connection and belonging as students adjust and adapt
to such an environment (Kerka 1996). Three key issues have been identified in relation to instructor
presence: teaching presence, instructor immediacy and social presence.
i) Teaching Presence involves frequent and effective interaction with the course instructor
(Mandernach, Gonzales et al. 2006) and has been defined as “the design, facilitation and
direction of cognitive and social processes for the realisation of personally meaningful and
educationally worthwhile learning outcomes” (p.5 )(Anderson, Rourke et al. 2001).
ii) Instructor Immediacy is conceptualised as those nonverbal behaviours that reduce physical
and/or psychological distance between teachers and students (Anderson, 1979 as cited in Rourke,
Anderson et al. 2001). Gorham (1988) later classified instructor immediacy into two groups:
verbal and nonverbal immediacy whereby the former included actions such as humour, frequent
use of student names, encouragement of discussion, encouraging future contact with students,
and sharing personal examples, and the latter involved smiling, eye contact, vocal expression,
and gesture/ body movements. Gorham’s (1988) results suggested that oral behaviours implicit
to verbal immediacy contribute significantly to students’ affective learning and take precedent in
a distance learning environment as a key factor in establishing online instructor presence.
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iii) Social Presence as defined by Short et al. (1976 as cited in Mandernach, Gonzales et al. 2006) is
the “degree of salience of the other person in the interaction and the consequent salience of the
interpersonal relationships” (p.65). Various research has supported the notion that social
presence is a significant factor in instructional effectiveness such that students who feel they are
a part of a group or “present” in a community will wish to participate actively in group and
community activities (Picciano 2002). For instance, Dede (1996) found that a strong sense of
community not only increases the persistence of students in online programs, but also enhances
information flow, learning support, group commitment, collaboration, and learning satisfaction.
Similarly, Garrison and Anderson (2003) pointed out that social presence helps to increase social
interaction, encourage learning satisfaction, initiate in-depth discussions and promote
collaborative learning. The lack of social presence on the other hand can lead to more frustration
and less affective learning. Richardson and Swan (2003) identified significant positive
correlations between students’ social presence scores and perceived learning as well as between
students’ social presence scores and perceptions of instructor presence. In effect those students
who scored highly in terms of social presence felt they gained more from the class and had a
more positive impression of their instructor. In addition, students believed that they had learnt
more when they were satisfied with the availability of the instructor.
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2.0 Pedagogical Frameworks
2.1
Learning Theories
A number of learning theories underpin the literature regarding distance learning and have been used
as theoretical frameworks to guide the design of subsequent research in this area. This said, an initial
review of the literature on learning theory in general, and on technology-supported learning
specifically, contends that there appears to be no one theory which adequately explains how people
learn, how instructional systems should be designed, how social interaction affects learning or how
people and technologies function best together (Koschmann et al. 1994, as cited in Lucca, Romano
Jr et al. 2004). As such, the following sections will provide brief overviews of the more prominent
learning theories: Social Presence Theory; Social Constructivism; Learning Space; and the
Transactional Distance Theory.
2.1a Social Constructivism The perspective on learning held by social constructivism suggests that people construct their
knowledge through the process of negotiating meanings with others. As such, a person’s cognitive
development is highly dependent on their relationship with others (Vygotsky, 1978 as cited in So
and Brush 2006) and maybe improved through learning environments which provide opportunities
for students to experience multiple perspectives of others who have different backgrounds. Such
opportunities as can be provided through cooperative learning environments are believed to also
facilitate the development of critical thinking skills through the process of judging, valuing,
supporting, or opposing different viewpoints (Fung 2004).
2.1b Social Presence Theory Social presence involves the ability of people to be perceived as real, three-dimensional beings that
are able to effectively collaborate through technology despite being in different locations and
different time frames (Sarbaugh-Thompson and Feldmen, 1998 as cited in Wheeler 2005). Central to
social presence theory is the ability for people to work together effectively in groups. As such when
social presence is low, group members feel disconnected and group dynamics suffer. Conversely,
when social presence is high, members feel more engaged and involved in group processes (Wheeler
2005).
An individual person’s perception of social presence is believed to be greatly related to others’
intimacy behaviours such as physical proximity, smiling, and eye contact (Short et al., 1976 as cited
in So and Brush 2006). As different types of communication media have different capabilities to
affect an individual person’s perception of social presence (Gunawardena and Zittle 1997), social
presence can also be achieved through the hearing of vocal inflections, para-verbal utterances and
ambient sounds (in audio communication such as telephone conferencing), and via textual cues and
non-verbal devices such as emoticons and images (in text based communication such as email)
(Wheeler 2005). In turn, the greater the perception of social presence, the better the ability to
substitute telecommunications media for face-to-face encounters and still achieve the desired
collaborative outcome. In other words, when the degree of social presence is high, interaction will
also be high.
2.1c Transactional Distance Theory Transactional Distance Theory as originally proposed by (Moore 1991) defines distance not as a
geographical phenomenon but rather as a pedagogical one. Transactional distance, which can be
summed up as a learner’s perception of psychological and communication gaps as caused by a
physical separation from instructor and other learners, is a continuous and relative construct which is
determined by structure (course design), amounts of dialogue between the instructor and the learner
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and learner autonomy (Moore, 1993, as cited in (Moore, 1993 as cited in Stein and Wanstreet 2003).
Higher amounts of dialogue and less structure are likely to lead a distance learner to perceive a
smaller degree of transactional distance (So and Brush 2006) as they will receive ongoing guidance
from instructors and are able to modify instructional materials to meet their needs (Moore and
Kearsley, 1996 as cited in Stein and Wanstreet 2003).
2.1d Learning Spaces Theory –
The spatial model proposed by Fulton (1991 as cited in Stein and Wanstreet 2003) considers the
relationship of physical environment to satisfaction as critical to adult learners and is based on three
premises: i) learner’s perceptions of space affect their satisfaction, participation and achievement, ii)
certain aspects of a space are subjective, and iii) the authority that is conveyed by the physical
environment and its layout can be changed. According to Fulton (1991 as cited in Stein and
Wanstreet 2003), an authoritarian learning environment is not necessarily conducive to the learning
process, and as such the educational philosophy of the instructor in combination with a course design
which encourages students to take control of their environment and gives them the ability to choose
whether to work collaboratively in physical space or cyberspace is recommended.
2.2
Learning Styles:
With regard to Learning Styles, different authors have proposed different learning styles. The
Occasional Paper by Montgomery and Groat (2002) provides an appropriate description of the four
models prevalent in discussions on learning styles. A summary of their comments follows:
2.2a Myers-Briggs Type Indicator
The Myers-Briggs Type Indicator is one of the most well known instruments for identifying
personality types. An individual’s personality profile is identified along four dimensions: orientation
to life (Extroverted/ Introverted); perception (Sensing/ iNtuitive); decision making (Thinking/
Feeling); and attitude to the outside world (Judgement/ Perception). In terms of an individual’s
preferences along each of these dimensions, they can be said to belong to one of sixteen categories.
E.g. An introverted, sensing, feeling, and judging person would be categorised as having an ISFJ
personality.
TABLE 6: Preferences of Myers-Briggs Personality Types
Extroverted
ORIENTATION TO LIFE
PERCEPTION
DECISION MAKING
ATTITUDE TO OUTSIDE WORLD

Group interactions
Applications
Sensing
Facts and data
Routine
Thinking
Objective
Logical
Judgement
Planning
Control

Introverted
Working alone
Concepts and ideas
Intuitive
Impressions
Not routine
Feeling
Subjective
Search for harmony
Perception
Spontaneity
Adaptive

Although this model has been used widely to classify learning styles in various disciplines (see
McCauley et al., 1983; Schroeder, 1993 as cited in Montgomery and Groat 2002), an interesting
finding is that the predominant learning styles of college students contrasts sharply with those of
faculty, the former being mostly extroverted and sensing and the latter being mostly intuitive and
introverted. Similarly, mismatch also seems to occur in the Thinking/ Feeling dimension in terms of
a consistent gender difference. About two-thirds of women have profiles in which feeling dominates,
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while two thirds of men have profiles in which thinking predominates (Kroeger and Thuesen, 1988
as cited in Montgomery and Groat 2002).
2.2b Kolb/ McCarthy Learning Cycle
A key concept in this model is that all learning entails a cycle of four learning modes, but each
individual is likely to feel most comfortable in one of these four modes based on his/her preference
along two dimensions: Perception and Processing (Kolb, 1984. 1995; Harb et al., 1995 as cited in
Montgomery and Groat 2002). Of interest, Perception (Abstract/ Concrete) has been found to
correlate with the Decision-Making (Feeling/ Thinking) mode of the Myers-Briggs Type Indicator,
and Processing (Active/ Reflective) has been found to match the Orientation (Extrovert./ Introvert)
mode of the Myers-Briggs model (Kolb, 1984 as cited in Montgomery and Groat 2002).
Academic fields can be mapped against this set of dichotomous dimensions according to what type
of learning mode predominates in that discipline. For instance, the concrete/ reflective quadrant
encompasses social science and humanities; the abstract/ reflective quadrant reflects the physical
sciences; the abstract/ active incorporates science-based professions such as engineering; and the
concrete/ active domain reflects the more social professions such as education.
Research has shown that gender differences exist according to the different learning styles identified
in this model. Nearly half of the male respondents preferred the assimilator (abstract/ reflective)
mode, whereas the predominant modes for women were diverger (concrete/ reflective) and
converger (abstract/ active) (Philbin et al., 1995 as cited in Montgomery and Groat 2002). In
teaching terms this would mean that female students are more responsive to faculty who utilise
either a motivator or coach stance, whereas male students would be more comfortable with faculty
who adopt the role of expert.
2.2c Felder-Silverman Learning Styles Model
The model proposed by Felder and Silverman incorporates five dimensions, two of which replicate
aspects of the Myers-Briggs and Kolb/ McCarthy Models. These include, the Perception (sensing/
Intuitive) dimension being equivalent to the Perception mode of both the Myers-Briggs and Kolb,
and the Processing (active/ reflective) dimension being found in the Kolb model also. In addition to
these two dimensions, Felder-Silverman also propose three other dimensions including Input (visual/
verbal), Organisation (inductive/ deductive), and Understanding (sequential/ global). An inventory
questionnaire has been developed by Solomon (1992 as cited in Montgomery and Groat 2002) to be
used for the assessment of four of the five learning style preferences in the Felder-Silverman model.
TABLE 7: Felder-Silverman Learning Style Dimensions
Dimension
Range
PERCEPTION

INPUT
ORGANISATION
PROCESSING

UNDERSTANDING

Sensing
Data obtained via senses
Facts and observations
Visual
Charts and pictures
Inductive
Facts and Observations
Active
Doing something
Group work
Sequential
Linear connections
Small connected chunks

Intuitive
Symbols
Interpretations
Verbal
Spoken word
Deductive
General principles
Reflective
Introspective processing
Independent work
Global
Holistic connections
“Big picture”
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Data compiled by Montgomery and Groat (2002) from engineering and architecture students
indicates that engineers are more active, sensing, verbal and sequential than architects. Moreover,
when considering architecture students, it was found that advanced students tend to be relatively
more reflective, visual and global than beginning students; and the percentage of intuitives at all
levels of the architecture program appear to be far higher than in the general population of college
students. In addition, the advanced students were more likely than the novice students to have
learning style profiles similar to studio faculty. In engineering on the other hand, graduate students
and faculty are more intuitive, inductive and reflective that their undergraduate counterparts (Felder
and Silverman, 1988 as cited in Montgomery and Groat 2002). In terms of gender differences,
Montgomery and Groat (2002) found that both female engineering and architecture students were
more geared to an active learning mode than their male classmates.
2.2d Grasha-Reichmann Learning Styles
This learning styles typology is distinct from the other three styles in that it is based on students’
responses to actual classroom activities rather than on a more general assessment of personality or
cognitive traits. In other words it advocates a situation-specific approach which Grasha argues is
more reliable and valid than a personality type approach as the latter requires the researcher to
extrapolate the results to classroom settings. The Grasha-Reichmann approach on the other hand can
assist faculty to identify teaching techniques that address particular learning styles. The
characteristics and classroom preferences for each style are presented in Table 8 below.
Another distinguishing feature of this model is the corresponding typology of teaching styles that
was developed, similarly based on actual classroom behaviours. In this respect, learning and
teaching styles can be mapped together to more fully describe the social dynamics of the classroom
setting. However, Grasha does not advocate attempting to accommodate all learning style
preferences at all times, but favours that an awareness of these styles can help faculty augment their
methods of presentation. In this way, faculty can assist students in developing learning styles they
are weak in by easing them into the corresponding type of activity.
TABLE 8: Characteristics of Grasha-Reichmann Learning Styles
Style
Characteristics
Classroom Preferences
Competitive
Collaborative
Avoidant
Participant
Dependent
Independent

Compete with other students
Share ideas with others
Uninterested, non-participant
Eager to participate
Seek authority figure
Think for themselves

Teacher-centred, class activities
Student-led small groups
Anonymous environment
Lectures with discussion
Clear instructions, little ambiguity
Independent study and projects

While other researchers have observed some relationship between academic major and learning
style, no consistent relationship between academic major and learning style has been noted
according to this typology. Grasha (1996 as cited in Montgomery and Groat 2002) has found
however that there are some consistent variations due to gender, student age, and grade. For
instance, women students typically have higher scores on the collaborative style; students over 25
tend to employ more independent and participatory styles; and students with a participatory style get
higher grades than those with avoidant styles. Similarly, women architecture students evidenced
substantially higher collaborative and participatory scores, while they also scored substantially lower
on the competitive scale. Older architecture students also scored substantially higher on the
independent scale.
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