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Abstract—Learning Tools that rely on information and
communication technologies form an essential part of
distance education. Remote Access Laboratories (RAL) is
one example that has been widely discussed in the research
community; in particular, in the context of engineering and
science education. However, remote laboratory technology is
not widely used. This study explores whether the benefits
offered by the RAL systems can be extended to students in
other disciplines and how this process can be supported.
The key aim of this activity is to create more equitable
opportunities for student learning across faculties and the
university. The study identifies considerations for the wider
adoption, implementation and uptake of remote laboratory
based learning activities. Four learning activities at various
stages of the development cycle in three different disciplines
are evaluated using a program logic methodology. Evalua-
tion questions address the areas of appropriateness, effec-
tiveness, efficiency, impact and sustainability. It is conclud-
ed that remote laboratory are open and flexible enough to
suite a variety of learning objectives and pedagogies in a
number of contexts. This study also highlights some wider
issues that are significant to the acceptance of RAL learning
activities. Findings include that a number of conditions need
to be met if remote laboratory activities are to occur more
broadly across universities as learning systems.

Index Terms—Remote Access Laboratory, Remote Labora-
tory, practical learning activities, learning system.

L INTRODUCTION

For almost two decades, Remote Laboratories (RL) or
Remote Access Laboratories (RAL) have been discussed
by the academic community as means to address access
issues to hardware and laboratory spaces, limited utilisa-
tion of hardware [1] and to support distance education [2].
Besides the wide range of individual learning activities
and hardware installations (rigs) [3, 4], there are also a
number of large scale initiative that seek to provide wider,
coordinated approaches to integrating RAL technology
and pedagogies into higher education curricula; for
example, the iLab [5] and LabShare [6] projects. The
motivation for originators to develop RAL technology
differs but broadly fall into two categories: to enable more
engagement opportunities for students and financial
consideration such as increasing utilisation of (expensive)
equipment.

Besides this active research and development communi-
ty, RAL technology is not as prevalent as other electronic
learning tools such as Course Management Systems
(CMY), for example.

This study seeks to explore some of the reasons that
contribute to this situation and to identify considerations
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for the wider implementation, uptake and embedding of
RL learning activities across universities. To achieve this,
this study explores whether and how the benefits offered
by RL based learning activities can be extended to stu-
dents in other disciplines and faculties.

The Faculty of Engineering and Surveying (FoES) at
the University of Southern Queensland (USQ) has develop
a RAL system with a strong focus on the access issues
surrounding practical laboratory learning activities. The
institution is a distance education provider with approxi-
mately 76 per cent of students studying externally. In
addition to projects that have focus on the overall RAL
system as well as individual rigs and learning activities in
the FoES, a study has been undertaken with aim to explore
whether benefits that are offered by RL systems can be
extended to students in other disciplines; and how this
could be achieved; the main aim being to provide more
equitable learning opportunities across the institution.

Using a Program Logic model [7] a number of evalua-
tion questions were formulated in the areas of appropri-
ateness, effectiveness, efficiency, impact and sustainabil-
ity. Key initiatives in engineering, education and nursing
were evaluated during the process of developing, imple-
menting and trailing RAL-based learning activities.
Through this process the project has identified considera-
tions for the wider implementation, embedding and uptake
of RAL as an online learning tool across the institution.

This paper extends a summary of these results that were
initially reported in [8]. The research question providing
focus for this study was: What are necessary conditions to
move from individual RAL implementations to institu-
tional learning tools?

The main conditions can be summarised as follows:

a RAL system that is easy to use and ideally integrated
with the learning management system [2];

an extended concept of RAL from hardware rigs to
conceptual spaces [9];

engaging other disciplines with the ideas of RAL (Sec-
tion III);

aligning efforts with institutional goals (Section V).

The study outlines how other disciplines can be en-
gaged in developing novel RAL learning activities and
confirms that it is important that educational project align
with the institutions strategic goals. The driving aim for
this study was to evaluate the necessary institutional and
learning conditions (or barriers) influencing the uptake of
RAL learning systems and activities; and to evaluate how
technology-driven learning activities can be migrates from
nice applications in disciplines to universal learning tool
for institutions.
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The reminder of this paper is organised as follows: Sec-
tion II addresses the theoretical framework that underpins
this research project and Section III discusses the learning
activities that were investigated. Section IV introduces the
institutional background and how it relates to this research
project and Section V highlights the methodology that was
employed during this study. The results are discussed in
Section VI and findings are summarised in Section VII.
Implications of this study and the path forward are sum-
marised in Section VIII. The paper concludes with Section
IX.

II. EDUCATIONAL FRAMEWORK

Experimentation plays an important role in engineering
curricula and Remote Access Laboratories have been
widely advocated as educational activities. Usually RALs
are seen a tools to provide access to hardware experiments
and systems remotely. Kist et al. [9] have proposed to
extend the concept to include remote experimentation in
any form.

The reasoning behind the use of RALs include the abil-
ity to share hardware between physical locations within
and between and institutions e.g. remotely controlled
robots [10] or control laboratories [11]. It is also expected
that sharing resources leads to economic benefits [1].
There are a number of initiatives that take a broader
approach to experiment access and integration including
the Australian Labshare project [6] and the MIT iLab
project [5]. When evaluating RAL literature, predominant
attention has been paid to the system implementation
details of particular experiments. Whilst this is important
for the realisation of the actual experiment, questions
regarding pedagogy, or how learning objectives are
constrained and realised are left wanting.

Remote access can fulfil many of the learning require-
ments and objectives for experimentation, and may be
able to provide additional benefits, such as increased
flexibility for access by students [12, 13]. A common
deficiency with laboratory work and practical content
within engineering and science curricular, is that the
objectives for including and implementing them are often
not explicitly addressed [14]. “While course goals are
often specified, the literature shows a general dearth of
well-written student learning objectives for laboratories”
[pp. 124].

As a result of this deficiency, and because instructional
objectives for laboratories are rarely specifically stated,
the learning experience from these events is often difficult
to validly measure. As “the pedagogical effectiveness of
any educational activity is judged by whether or not the
intended learning outcomes are achieved”[15, p. 8] it is
difficult to evaluate the success of a RAL learning activi-
ty. Appropriate design and realisation of measurable
outcomes must also be applied to RAL learning activities.

Pre-existing and accepted learning theories can be
framed as a basis for evaluation of the learning value of
RAL activities, particularly Hanson et al. [16] who con-
clude that well-designed RAL activities have the capacity
to offer specific benefits flexibility in learning environ-
ment, access and approach to the learning task, collabora-
tion with peers; and immediate feedback. The authors
suggest that such affordances can promote deeper learning
and better connection between theory and practice, greater

student engagement through increased control of the
experience, and increased inclusivity [16, p.165].

White [17] describes the basis of the ‘laboratory’ where
learning can be considered as instances where learning
experience "episodes’ are enacted. Specifically where “the
[learner] took part or at least observed,” with the result
that the experience is “linked to propositions [about facts,
concepts, ideas] so that those propositions in turn are
remembered and understood” [pp. 765-766]. As a result,
Laboratories can be defined as either a physical or concep-
tual (virtual) space where this learning event or experience
takes place. Additionally, ‘laboratory learning’ can then
defined as the understanding or conceptualisation of the
knowledge created during this event, which links experi-
mental ‘propositions’ to conceptual understanding and
then application and utility.

Expanding on White’s definition it is possible to extend
the concept of a ‘laboratory’ towards non-science disci-
plines. Thus we suggest that a Remote Access Laboratory
is constituted by any activity where the student partici-
pates in events that link conceptual understanding of
relevant and related information, concepts, ideas and
propositions through an online or Internet based remote
interface [9]. Importantly, cognitive psychology demon-
strates that the process of learning involves more than
activity, but memory, thinking and reflection [18], and the
linkage of concepts both existing and new to promote the
learning process [19].

III. IMPLEMENTATION OF LEARNING ACTIVITIES AND
THEIR AIMS

In order to demonstrate how the RAL framework can
be utilised to direct specific learning outcomes, particular
case studies can be examined that typify this enablement.
This section introduces four particular RAL experiments
that largely occurred during 2011. For each experimental
activity, details are provided to highlight the nature of the
laboratory learning, the implementation stage of the RAL
activities, and the learning objectives that are associated
with undertaking these activities. The aims associated
with undertaking these implementations are summarised
in Table 1. More specific details on the activities can be
found in [20].

A. Faculty of Engineering (Remote access to specialised
software)

Students studying spatial science remotely access spe-
cialised and expensive software to process and visualise
data for Geographic Information Systems (GIS). These
packages are ordinarily unavailable to students for local
installation on their own computer. The student must
acquire knowledge for two stages of this package; the first
is to acquire knowledge of how to access the institution’s
learning management system (LMS); and the second is
then to learn how to access a “virtual computer” on which
to perform pre-set tasks.

During these activities, students have to form the neces-
sary workflows in order to use the software and to manage
the access and storage processes (for example the virtual
computer environment does not retain student’s data
outputs from the GIS activities between sessions so they
need to be stored separate to the remote virtual computer
on persistent systems.) The teacher additionally provides
resources to help in this regard.
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The nature of the laboratory learning in this instance is
inquiry-based. Students relate the investigation to previous
work, predict results and perform investigations.

At a student level the aims are to provide students with
access to expensive and restricted software that they will
typically need to be aware of in professional setting; and
to reduce the need for students to attend on campus for
residential school, or reduce time on task required to
satisfy the particular activity goals.

For academics the goals are two-fold; to save on time
spent teaching the same objectives at residential school;
and to provide ongoing advice and support to students
during their RAL use compared to one-off restrictive
opportunity during the residential school.

The aim for the faculty is to create more RAL activities
for use within the Faculty of Engineering and Surveying,
and to better utilise available software licensing.

B. Faculty of Science (Nursing)

An example of a non-technical activity involves creat-
ing an environment of broader impact of RAL activities.
Within the Faculty of Science’s department of Nursing,
prior to using the RAL system, students attend an on-
campus laboratory session, to practice preparing an
infusion pump used for intravenous drips for use on a
patient.

This involved preparing the machine and priming the
line that will deliver medication. In addition to equipment
manipulation, clinical reasoning practice takes place
surrounding decisions and calculations of which medica-
tions to deliver using information from a range of situa-
tions provided about the test. Under normal laboratory
session situation, typical issues of limited access to the

TABLE L.

equipment, and a lack of quality time-on task cast doubt as
to the effectiveness of the existing sessions.

This activity is, in part, a drill of the procedures neces-
sitated for preparing the pump dosage rates and line
priming for delivering medication, but it is also a prob-
lem-based form of laboratory learning, as the clinical
reasoning practice takes place in reference to an authentic
hospital situation that informs the laboratory from infor-
mation about the test patient from which students must
then make clinical decisions about suitable medications to
administer and the necessary dosage rates.

With the instigation of a RAL variant of this laboratory,
following the on-campus laboratory session, students can
log in to RAL system to continue practicing configuring
pump and making further clinical decisions and calcula-
tions about medications as an extension to the traditional
laboratory.

At the student experience level, the laboratory aims to
provide additional opportunities for independent practice
of professional skills. These are offered in addition to
existing activities within the real laboratory setting using
the actual physical infusion pumps and associated appa-
ratus.

The aims at a teaching level are to improve overall
teaching effectiveness due to a greater diversity of com-
plementary activities being presented to the students for
practicing the necessary clinical and practical skills; and to
make a variety of RAL activities available which match
and support students’ practicum experience.

At a faculty level the aim of using the RAL systems is
to help the faculty move towards fully online/distance
education delivery in all subjects.

AIMS OF RAL DEVELOPMENTS BY FACULTY AND ORGANISATIONAL LEVEL

Aims of Faculty of Education - Faculty of Education - Grad Di Faculty of Engineering and . .
RAL R?;)ot RAL-ly ' Assignment b v Survegying ’ Faculty of Science (Nursing)
* Tocreate an exemplar | To create an assessment task in | *  To provide students with *  To provide extra opportu-
for student teachers of which student teachers integrate access to expensive and re- nities for independent
how to utilize technolo- technology use, inquiry-based stricted software that they practice of professional
Student gy in their teaching, and pedagogy and multiple-KLA cur- will need to know how to skills, in addition to exist-
level how to use pedagogies ricular objectives in an instance use in professional practice ing necessary activities in
which enhance chil- of lesson planning *  To reduce the need for areal lab setting (for ex-
dren’s engagement with students to visit for residen- ample, with an infusion
technology tial school pump present)
To create an exemplar | *  To create an opportunity for * To save on time spent * To improve overall
activity for other aca- practicing curricular/pedagogical/ teaching the same objec- teaching due to a greater
demic staff of how to technological integration that the tives at residential school diversity of complemen-
enact “pedagogies of Grad Dip program doesn’t oth- | *  To provide ongoing advice tary activities available to
Teaching engagement” _anq utilize erwise allow for and support to students dur- students for practicing the
level techn_ology \-Nl-t]"lln ing their RAL use (com- necessary skills
teaching activities for pared to one-off chance at | * To make a variety of RAL
teacher education residential school) activities available which
match and support stu-
dents’ practicum experi-
ence
As a basis for “peda- *  To accumulate a range of ¢ To create more RAL ¢ Touse RAL systems to
Faculty gogical c.onversatilons” e-xamp-les of e?ducgtional activi- activities for use wit‘hin the help the Fgculty move
level about using RAL in ties using an inquiry-based peda- Faculty_ of Engineering and tf)wards d}stance e(.iuca-
Faculty’s pedagogical gogical approach Surveying tion only in all subjects
“toolkits”
Cross- To ‘sllla_re knowledge of and experience with online learning tools which improve equity of access to diverse and engaging learning
faculty/ activities
institu ti())lnal Tp Provide an exam‘plle_of how the conce_pt of laboratory learning using RALSs can be broadened, to inform the development of
level similar teaching activities in other faculties
To extend the use of RAL technologies across the university
40 http://www.i-joe.org
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C. Faculty of Education (Robot RAL-Iy)

This is another instance of a non-technical example that
whilst using technology, aims to address broader educa-
tional paradigms.

Within this activity small teams of primary school chil-
dren are tasked with designing and building a track for a
specific mobile robot to race along. This is done collabo-
ratively and initially proximally where students had access
to the track, and robots directly. Once the tracks are
complete, the teams swap tracks and test their design by
controlling the robots remotely using the RAL system.

The teachers’ task is to direct and guide students during
the activity towards a set of educational objectives con-
cerning the principles which govern good design of the
racetracks, taking into account the materials provided,
robot capabilities and the dynamic performance when
being raced. Details of this activity are discussed in [21].
The same activity was repeated with international cohorts
[22].

The nature of the laboratory learning in this example is
enquiry-based in which students explore the necessary
variables in order to make and test predictions so as to be
able to draw conclusions within the context.

At a student level the aims are to create an exemplar for
pre-service student teachers of how to utilise technology
in their teaching, and how to use pedagogies that enhance
children’s engagement with modern technology.

At a teaching level the aim is to create an exemplar
activity for other academic staff of how to enact “peda-
gogies of engagement” and utilise modern technology
within teaching activities for teacher education, as op-
posed to student education.

At the Faculty level the aim is to use this activity as a
basis for “pedagogical conversations” about using RAL in
Faculty’s pedagogical “toolkits”, and extending the
concept of what RAL is and can offer.

D. Faculty of Education (Grad Dip Assignment)

Following on from the previous case, student-teachers
enrolled in a Graduate Diploma in the Faculty of Educa-
tion view the Robot RAL-ly example, and are then re-
quired to conceive of another RAL task or experiment
which could form the basis of a planned lesson for high
school students. Lessons should be designed to integrate
an inquiry-based pedagogy and learning objectives from at
least two Key Learning Areas (KLAs or subjects) includ-
ing technology use within the classroom. Student-teachers
were required to also consider how this activity could be
‘pitched’ to the principal of a school as a worthwhile
educational activity, thus further strengthening the value
of the activity.

This particular case is a conceptual laboratory only, in
which the student-teachers explore the fundamentals of
inquiry-based pedagogy and curricular integration where
the RAL system merely forms the context of the activity
but is not actually used as part of delivering the learning
activity.

The aim at the student level is to create an assessment
task in which student-teachers integrate technology use
within the classroom, including inquiry-based pedagogy
and multiple-KLA curricular objectives in an instance of
lesson planning.

At the teaching level, the aim is to create an opportunity
for practicing curricular; pedagogical; and technological
integration that this Graduate Diploma program doesn’t
presently allow for. At the faculty level, the aim is to
accumulate a range of examples of educational activities
using an inquiry-based pedagogical approach.

E. Cross-Faculty/Institutional Aims

At an institutional level the broad aims of undertaking
RAL activities exhibit a strong focus on educational goals
in alignment with the broad sector strategies. These aims
include; to share knowledge of, and experience with,
online learning tools that dramatically improve equity of
access to diverse and engaging learning activities; to
provide an example of how the concept of laboratory
learning using RALs can be broadened, to inform the
development of similar teaching activities in other facul-
ties; and to extend the use of RAL technologies across the
university and inform models of cross-institutional expan-
sion.

All of these aims align with typical institutional values
of improving access, and the removal of barriers to en-
gagement and providing effective educational pathways.

IV. INSTITUATIONAL BACKGROUND

The University of Southern Queensland is a regional
distance education provider. About 76% of students in the
Faculty of Engineering and Surveying are located off-
campus and study via distance education. In this context
providing students with remote access to laboratory
equipment will directly improve the learning experience
of external students. Prior to the deployment of RAL,
students had to rely entirely on residential schools to
develop their practical skills. The integration of RAL
activities into courses, particularly when used to develop
fundament skills and thereby ensure all students are at a
similar level of competency, allows more effective and
efficient use of time at these residential schools.

Since 2007 the Faculty of Engineering and Surveying
has investigated RAL as a concept and driven the devel-
opment of a system that seamlessly integrates with the
Learning Management System (LMS) Moodle. Examples
of systems that integrate LMSs and RALs also exist in
other projects [23].

USQ is a medium-sized regional Australian university
that has a strong history of providing high-quality flexibly
distance education. USQ’s stated vision is “to be recog-
nised as a world leader in open and flexible higher educa-
tion”, and part of its mission is to “enable broad participa-
tion in higher education”. To achieve these aims and
maintain its status at the vanguard of digital and online
learning, USQ recently has made a concerted effort to
streamline, expand and enrich student experience through
three key initiatives.

The first is an effort to ensure distance students have an
equivalent campus experience to full-time face-to-face
students. RAL aligns precisely with this initiative. The
second is through enhanced infrastructure to support
flexible distance education. RAL also is in accord with
this strategic direction. The third is through an initiative
known as the Digital Futures project. This project is
supported through the Australian Government’s Collabo-
rative Research Network (CRN) program. RAL is also in
harmony with this enterprise since the CRN program is
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designed to build research capacity and one of its key
themes is ‘technology rich learning environments’.

Further, since the capacity building research agenda
will involve encouragement of cross-Faculty and inter-
University engagement and collaboration, RAL has
already provided a successful focal point to facilitate
informal partnerships in this regard.

Funding through the CRN has allowed the RAL group
to build research capacity through the recruitment of a full
time postdoctoral research assistant and the provision of
two full time research scholarships for PhD students.

These initiatives are recognised in the recently adopted
USQ strategic plan 2013-2015 in which ‘Personalised
Learning’ is stated as one of the key themes. The notion is
to establish a learning partnership with students regardless
of their background, geographic location, or stage in life.
For pedagogical and professional accreditation reasons,
practical experiments and laboratory exercises form an
integral part of programs in the Faculty of Engineering
and Surveying.

To provide external students with practical learning
experience equivalent to that of their on-campus peers is
logistically difficult and resource intensive since it relies
on external students attending several concentrated ses-
sions of laboratory work at on-campus residential schools.
One benefit of RAL is to provide FoES (and other Facul-
ty) students with off-site access to practical and laboratory
experiments from their home base regardless of geograph-
ic location. RAL’s facilitation of this enhanced student
access clearly aligns with the personalised learning theme
of USQ’s strategic plan.

In the strategic plan, this theme then cascades into sev-
eral strategies including the notions of ‘accessibility’,
‘innovative teaching’ and ‘customisation’. The provision
of remote access to video-supported laboratory experi-
mentation bridges the gap between real-life and virtual
learning spaces. This allows students, regardless of
location, to actively engage in contextual action-oriented
learning and achieve course objectives with less emphasis
on attending on-campus training sessions.

Therefore RAL significantly increases accessibility for
students in accordance with USQ’s stated strategic direc-
tion. This benefits students by: increasing flexibility of
program delivery, providing a more cost and time effec-
tive service, enhancing the connection between practical

and theoretical knowledge, and increasing availability of
laboratory equipment.

This approach clearly reflects innovative teaching prac-
tice and allows students to customise their learning activi-
ties and conduct practical exercises as they feel they need
them. The future development and improvement of the
RAL initiative will help to guarantee parity of student
experience, regardless of geographic location, and en-
hance USQ's ability to meet the flexible learning agenda
and remain at the vanguard of distance education.

Of course, RAL has broader strategic significance that
enrolled students. RAL also provides a strong platform for
engagement with stakeholders such as, other Universities,
the TAFE and VET sector, local and remote schools,
industry, and the general community.

To further encourage the strategic use of RAL and to
foster cross-Faculty and inter-University engagement and
collaboration, the Associate Deans from the five Faculties
have formed an active community of practice. This allows
them to work together in empowering staff to design,
develop and deliver quality learning experiences for
students [24]. This institutional wide approach to support-
ing staff and students proved invaluable in providing
avenues to engage staff from other disciplines and Facul-
ties in RAL activities and ensuring alignment with institu-
tional goals. Hine et al. [25] also stress the importance of
strong institutional support for the success of RAL pro-
Jjects.

V. METHODOLOGY

The aim of the evaluation in this project was to estab-
lish the success of the RAL learning activity implementa-
tions discussed above. A Program Logic Approach [7] is
used to map inputs, activities, outputs, outcomes and
impacts. Figure 1 summaries the logic of the program as it
was envisaged by staff [20].

The situation is depicted on the left hand side and in-
cludes a high percentage of remote students, the reported
RAL affordances. Inputs include the curriculum design,
study materials for students, IT support, as well as soft-
ware and hardware that are part of the experiments.
Outputs include learning modules that have been devel-
oped, students that have been reached, and the staff and
third parties that are involved with RAL projects.

Situation

High % of time-
poor remote
students

Increasing online

Inputs

Curriculum design

Resource materials
for students

N
Y

Outputs

Modules
developed

Students reached

Outcomes/ Impact

Short Term (Learning)
Achieve learning outcomes
Raise awareness of RALs

Medium Term (Behaviour)

42

offerings IT support Staff involved Promote inter-faculty collaboration

RAL affordances Hardware Third parties Diversify pedag(')%y

involved Long Term (Conditions)
Software I dist {earni

Dissemination mprove distance learning

activities Improve efficiency of RAL capabilities.
Promote USQ as world leading expert in RAL
Figure 1. Program logic of RAL implementation [18]
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Dissemination activities and publications are also part
of the outputs. The impact is summarised on the right-
hand side and can be divided into the short-term impact on
learning, midterm impact of behaviour and long term
impact on conditions. These impacts include achieved
learning outcomes for students and raised awareness of
RAL; promoting inter-faculty collaboration and diversify-
ing pedagogies; and improving distance learning and the
efficiency of RAL capabilities, respectively.

Evaluation questions were formulated surrounding the
key areas of appropriateness, effectiveness, impact,
efficiency and sustainability [8]. To address these ques-
tions, comprehensive data about the learning activities
was collected. This included interviews with staff mem-
bers (10 hours), student focus groups (3 hours in three
faculties), observations of classes (2 hours), a staff activity
diary and analysis of student work. Throughout the
evaluation, the implementation teams were consulted as
some of the activities were still being developed. This also
had the positive side effect that activities were evaluated
at different stages in the implementation cycle.

VI. RESULTS AGAINST EVALUATION QUESTIONS

This section summarises results in regards to the evalu-
ation questions.

A. Appropriateness/authenticity

There is a natural tendency for people to think of activi-
ties that are most like traditional laboratories (hands-on
manipulation of equipment), when beginning to design
RALs. In Engineering and Science faculties at USQ and
elsewhere, RALs may consist solely of internet-controlled
cameras pointed at physical experiments. A first step away
from this model is provided by the spatial science course
discussed here. The learning in that course focussed on the
use of electronic systems (GIS) to accomplish surveying
tasks so the use of computers to facilitate the activity
remotely was not a big change from the traditional format
of the course. What made it successful was the scenario-
based approach taken where the tasks to be performed
were clearly linked to professional and learning outcomes.
Well-structured support materials also allowed students to
interact with the RAL with the minimum frustration.

The other cases had some component of the manipula-
tion of hardware but in each case it was the higher order
thinking that such manipulation provoked that was the
focus of learning. In education, the use of the Robot RAL-
ly directly as a school learning experience (a laboratory at
a distance) replicates the laboratory model and is fairly
unproblematic. It is interesting that the attempt to get
student teachers to use the Robot RAL-ly as a mindtool
for thinking about building curriculum appears to have
been less successful.

In our estimation this reveals the difficulties inherent in
thinking about RALs with the broader definition we have
suggested. It was not clear to the student teachers what
they had to do with the Robot RAL-ly example suggesting
that more scaffolding of their learning experience was
necessary. In addition, their organisation of the project
within their teams militated against collaborative use of
the RAL and thus undermined its efficacy. The fact that
some teams appeared to have used the RAL effectively,
however, indicates that its impact could be maximised
through attention to course design.

In Nursing the procedure of setting up the IV Pump is
clearly conceived of as a tool to think about patient care
by both students and staff. Staff has planned to develop
scenarios and script concordance tests to support the RAL
and its use in the course. The reality/authenticity that such
supports would deliver is clearly important to students and
is likely to be vital to the success of the RAL. As the
student discussion showed, it may have been better in this
case to develop a simulation which captured the reality of
the task rather than delay in order to use particular RAL
technologies. A subsequent research project has taken this
feedback on-board and has developed and evaluated an [V
pump driver emulator [26].

RAL activities lend themselves to learning activities
that involve direct manipulation of equipment. Infor-
mation can either be processed as part of the RAL activity
or it can be carried out externally. Scenario-based activi-
ties that relate to professional practice in the field also
offer opportunities to develop RAL learning activities.

Courses that are organised so that every student must
interact with the RAL, individually or collaboratively also
offer great opportunities for the inclusion of RAL-based
learning activities. Learning occurring through other
methods as simulation or as a faux-situation may affect
situated learning and assessment [27].

B. Effectiveness

Delays in implementing RALs made it hard to evaluate
their immediate impact in fostering learning, although
there are some suggestive indications here about what
needs to be done. As noted several times, the ability of
RALs to foster learning is not inherent in the tool, but
depends on good pedagogical design. In the engineering
case study the course and all of its materials was rede-
signed around the RAL and ample learning support was
provided. Students reported themselves satisfied with the
learning experience and outcomes. In Nursing, students
could clearly see how a RAL would give them the flexi-
bility to be self-directed and self-paced but they also noted
that once away from campus it is hard for busy people to
find time to spend on their studies. Once again, well-
designed and well-paced courses are key to supporting
students in this endeavour.

The Education case study was the only one to address
the issue of collaboration and here we see mixed results.
The primary school users of the Robot RAL-ly comment-
ed that they enjoyed the teamwork, especially when it
involved Japan-Australia communications [22]. The
student teachers using the RAL for curriculum design
purposes did less well in this regard. As with the nurses,
they are likely to be busy people who, when working in
teams, divide the work up strategically to reduce the time
each person contributes. Insofar as course design allows
this there can be no expectation that collaborative building
of meaning and understanding will occur and hence one of
the important affordances of the RAL will be lost.

RAL activities can enhance student-directed, self-paced
learning can be enhanced by the ability to access the RAL
multiple times as needed. However, it is important that
students are prompted to do the RAL activities by suitable
activities designed into the course around RAL. Collabo-
ration only happens in RALs when it is built into the
activity or builds on everyone’s experience of the RAL.
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C. Impacts

Limited implementation in our case study examples
make it hard to give a measure of student response to
these RALs but there is some information from other
implementations in Engineering and the discussion with
nursing students which allow us to draw some broad
conclusions.

Firstly, while students see the use of RALs for practic-
ing their skills at their own time and pace, it can be ex-
pected that they will be impatient of glitches in the system
that make free interaction with it and pursuit of their
intended learning difficult. Where such glitches have been
ironed out well in advance and adequate training and
support materials were provided, as in the spatial science
course, students appreciated the advantages of the RAL.

There are two major barriers to implementation of
RALs. The first is the time and effort needed to do the
necessary course redesign to include RALs in existing
course or build new courses around them. As the spatial
science example showed, even in a course which was
always heavily electronic in nature, rewriting took 48
hours. Many courses would expect to take longer than
this. In addition, for courses that lie outside the engineer-
ing faculty, where the technical expertise resides, just
getting the appropriate technical support was often a
major hurdle and led to delays in implementation or
compromises on what was possible.

However, the second barrier is perhaps more conse-
quential. Using a RAL, in most cases, is not just going to
be a matter of re-writing something that already exist for
remote access. It will require rethinking of the learning
task within the kind of definition of laboratory that we
have provided above, and then a course design that makes
best use of that experience to reach the desired learning
outcomes. This suggests that more attention needs to be
paid to the principles of constructive alignment and that
this may call for some staff training whether in formal
settings such as Postgraduate Certificates in Higher
Education courses, or through local initiatives of the
Learning and Teaching Support Unit. Technical and
training support will be central to further uptake of RALs
across the university.

Students are in principle in favour of RALs where they
clearly address the goals and learning objectives of the
course. However, students are impatient of unresponsive
or opaque technology and unauthentic RALs; i.e. activities
that do not offer educational benefits. Staff needs consid-
erable time to design good RALs and integrate them into
courses appropriately. It is also essential for staff that
timely and focused technological support is provided. The
University can encourage RAL use by providing the
appropriate support to staff in their development

D. Efficiency

As reflected in all cases, there is considerable invest-
ment required to mount a RAL in a course. The laboratory
itself must be created, which may or may not entail the
use of specialized equipment. Even if the practice equip-
ment already exists as in the nursing case, it must be set
up for remote manipulation and the links and control must
be maintained in good working order. All RALs, whether
they involve equipment or not, will require support
materials in the shape of scenario, source materials,
instructions and so on, as well as clear instructions about
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how learning should proceed and how to operate the RAL.
All of this takes time to create, review and update. Special
training may also be necessary as already discussed.

On the other hand, if the RAL can replace aspects of the
course normally requiring attendance at a residential
school, as in the spatial science course, there can be large
savings for both students and staff. The comments of the
nursing students about the need for RALs to augment and
not replace campus classes raises some concerns about
how often this kind of saving will be practicable.

There may be savings to be had by sharing RALs with
other universities or schools. This currently happens with
respect to the remote laboratories in engineering though
Labshare (http://www.labshare.edu.au/). The EU-funded
LiLa Project (http://www.lila-project.org) 1is another
which provides example laboratories and organisational
resources but applies only to science and engineering.

Key cost factors include the development of laborato-
ries. Resources are necessary for physical as well as
conceptual laboratories. Costs are encountered to develop
appropriate learning and support materials; and to train
staff where necessary. Savings are possible if for appro-
priate courses RALs replace residential school attendance.

This has already occurred in the discipline of Survey-
ing, but is more problematic in engineering discipline as
attendance at residential school is a requirement of the
accreditation body, Engineers Australia. Sharing lab
materials/design/access with other institutions will create
savings where the other institutions provide similar labs in
return.

E. Sustainability

As noted above the ways in which the university might
maintain and extend the use of RALSs relate to providing
adequate technical support, in the shape of the provision
and maintenance of hardware, control systems and ongo-
ing ICT support, and pedagogical support in providing
time with the staff and resources to develop suitable
learning materials and design courses, and the training to
do so effectively where necessary.

In order to achieve rational outcomes it will probably be
necessary to articulate a policy for the University with
respect to the promulgation of RALs. Such a policy
should aid decision making with respect to:

* Identifying nature and scope of university commit-
ment to RALs

* Establishing working parties/committees to promote
RALs

* Allocating funding

Such policy would also benefit from paying attention to
issues of IT learning platforms and other technological
matters. Ease and transparency of use is vital for the
success of a RAL. Not only do technological issues irritate
staff and students, they are expensive and time-
consuming. Care therefore needs to be taken in the selec-
tion of technologies to be employed in RALs. Students
can nowadays be assumed to be fluent in any web-based
computing application so technological developments
need to stay close to this model. Any changes to the
Learning Management System need to take account of the
interface with RALSs.

If RAL approaches are to be promoted throughout the
university, staff will need help in identifying what courses
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and activities lend themselves or could be adapted to
RALs. Although the project was unable to garner any
interest from either the Arts of Business faculties for this
project it seems likely that opportunities exist there to
introduce RALs and deliver the learning benefits they
offer — flexible, active and collaborative learning.

To ensure the sustainability of the RAL development,
policies should be developed to guide decision-making. A
survey of potential RAL activities across all faculties
should be undertaken. Staff need adequate technological
support and training in course design for RALs. Changes
to the LMS need to be taken into account to support the
need to interface with RALs.

VII. FINDINGS

The evaluation showed that RAL activities can have a
great impact on student learning. However, it is important
that the activities are well embedded within the other
learning materials. Scaffolded learning materials that
support the activity are also important. RAL learning
activities should not be treated any differently from other
learning tools. From an educational perspective this means
that design and delivery of learning activities is the most
important aspects and the principles of constructive
alignment should guide the development of learning
activities. Intended and achieved learning outcomes are
the key motivator and ultimate measure of success of a
learning activity.

The traditional definitions of RAL systems as hardware
control mechanisms is limiting and extending the defini-
tion allows for a much wider use of these learning tools.
Taking this project’s broader conception of what can
constitute a laboratory learning experience allows for
greater flexibility in understanding the potential for wider
application of RAL. The actual activities engaged in by
students may involve: investigation of ideas, concepts or
facts, modelling with data, experimentation with creating
certain outcomes by manipulating variables, or the crea-
tion of a solution or range of solutions to a relevant
problem or scenario.

VIII. THE PATH FOWARD

At present the overall RAL system at USQ is stable and
useable. Of consideration now is how the outcomes and
findings from this study will direct the strategic direction
for RAL and its implementation as a teaching tool across
the wider university community.

The outcome of the RAL project was very much de-
pendant on its initial remit as a learning and teaching tool.
Initial implementations and testing of the RAL system
focussed on the “access” part or system paradigm of RAL.
With the benefit of having RAL operational for a number
of years, this has allowed questions regarding the learning
potential to be discussed and evaluated.

New RAL learning activity would benefit from a peda-
gogic-first approach, than an access and delivery first
model. This would mean that close integration with the
learning objectives are realised for each designed activity,
as well as the integration of the system as a whole. For
individual learning activities the authenticity of the exper-
iment is important. This describes the manner of its design
to describe solid physical artefacts that are believable as
real world experiences.

Whilst at present RAL technologies may not be able to
replace residential schools or on campus practical experi-
mentation due to specific requirements of accreditation for
engineers within Australia, there is capacity for RAL to be
used for preparatory classes alongside simulations, in
order to achieve an authentic experience on which stu-
dents can build in real experimental situations.

Of immediate importance is the continuing research
into the effects and affects of RAL on relevant student
cohorts. Optimising development methods for delivery are
important, but so too is the perceptions of RALs use and
the discovery of how real the experiment needs to be
before sufficient believability is achieved.

Integrating RAL into several individual courses has
allowed examiners to look more critically at the learning
objectives of the course in general and the learning objec-
tives of laboratory sessions in particular. This has led the
faculty to recognise that, as our knowledge of RAL
matures, a major consideration in the near future will be to
strategically plan the further implementation of RAL into
the curriculum at the program level.

At this level key questions revolve around how to use
RAL most effectively and efficiently. Decisions need to
be made as to which courses would benefit most from the
introduction of RAL activities. These types of decisions
need to continue our current focus on student benefits and
learning outcomes, while at the same time consider the
financial implications (this is most often through a
cost/benefit analysis). Demonstrating how RAL can
effectively inculcate the requisite graduate competencies
and ultimately help students achieve necessary threshold
learning outcomes is becoming vitally important to
professional registration bodies such as Engineers Austral-
ia as well as university accreditation bodies.

To effectively plan the integration of RAL at an overall
program level will require a systematic review of the
program structure, review of existing laboratory and
practical activities (whether RAL or not), mapping of
activities against requisite graduate outcomes, skills and
competencies, and finally the rationalisation of this
information into a framework for future RAL adoption
that can be used by other programs and Faculties.

Once the plan is agreed, the operational imperatives can
be identified. For example, it may be decided to focus
immediate attention on priority areas such as large classes
or courses where problems have been identified (though
student feedback and retention rates) with students’
understanding of fundamental underlying concepts.

IX. CONCLUSIONS

The results section has summarised key issues in the
context of moving RALs from individual activities to a
comprehensive, institutional system which can be used in
many disciplines. Some barriers in this context are generic
and apply to other technologies in the context of learning
and teaching as well [28]. Other key issues relate to
pedagogical considerations and the purpose RAL activi-
ties have in the curriculum. For any RAL learning activity
it is important that it is well integrated into the course
design and delivery. Developing RAL learning activities
cannot be considered as a cost saving measure. Imple-
menting activities not only requires hardware and software
but also the development of comprehensive and integrated
learning materials. The quality of a RAL learning activity
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largely depends on the quality and supporting role of the
learning materials.
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