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Abstract— This paper reports on practices in national and  specialised, unique and expensive equipment .eritte
international on-line cooperation in engineering renote  growth of remote laboratories.

laboratories  (RLs) to support student collaborative In educational terms the use of remote laboratories
activities. A structured aid enables them, in addibn to contributes to the development of the intercultural
intercultural communication skills and the global Community of Practice (CoP) [1] where individuals

perspectives sought by their profession. The concepf a engage collectively in learning and problem solywgh

Community of Practice (CoP) is a central pedagogita inimal supervision — very much along the student-
consideration for collaborative learning and is disussed in centred learning paradigm.

the paper. After reviewing practices of others, aremphasis . . .

will be placed on a team-based laboratory environnrg of R.emote Iaborat.or'es offe_r a unique advanqed legrnin
NetLab — a remote laboratory framework created at te ~ €nvironment that is reshaping the way in which sesr
University of South Australia (UniSA). with practical component are conducted. The expmosiir

students for interaction with others in remote tares
Index Terms—Collaborative learning. communities of Prepares them for their incoming professional peact
practice, experiential learning, remote laboratories. The capacity of RLs to facilitate international
collaboration of student cohorts is yet to be fully
recognised and utilised to its full potential. Tér@erging
) _ importance of this attribute of RLs is seamlesslymed
A remote laboratory (RL) is a computer-based le&yni \ith the emerging need for engineering graduateseto

_en\t/;]ronme::jt :hat usually acljlowsfstudents from ?mh prepared to work within the modern collaborative
In the world 1o access and perform experiments " international industrial environment.

laboratory equipment from a distance via the Irgerfhe

INTRODUCTION

experiments are not simulated and are not virAgkuch, COMMUNITIES OF PRACTICE
RLs are excellent platforms for students to netwankl _ _ .
collaborate. Engineering graduates need to be interculturally

capable, that is to be able to negotiate meanicgsss
languages and cultures [2]. The development of this
intercultural capability (as a graduate attributesent in

There are relatively few remote laboratories wortbw
that allow student collaboration to re-create theiuable

2:}(3/);;2hnarlnesnttudent laboratory  experience in the anlin all the major engineering degree accrediting ginds)
o ) . requires an emphasis not only on additional conteui
Benefits of collaborative remote laboratories idelu g|so on teaching and learning as a process, titanised
convenience of use, high availability, access &Eigised  on individual interpretations and negotiations afaming
or unique equipment, self-paced learning and theovel  \ithin and across disciplines. There is a cleardnfes

of geographic boundaries. current students to become aware of the importahttee
In case of international student teams, theress ah  development and constant nurturing of these skills.
opportunity to learn from students of differing &bions, The CoP concept — the center of the pedagogical

cultures, languages and work practices. These igenepatform of RLs is defined [1], [3] as a network of
skills are becoming increasingly important forndividuals who engage in a process of collectagring
professional engineers to be effective members qf a domain of shared interest. Members of CoP&lbui
international teams. relationships that enable them to learn from eahbroln
a CoP students can engage in a given professional,
THE CONTEXT meaningful task and actively participate in problem
International education and the internationalisataf ~ SOIving. An RL constitutes a contemporary platfoimat
the curriculum, the development of flexible leamin €nables CoPs to be formed among nationally and
environments, problems with laboratory access aniternationally distributed teams.
availability due to the growth of student numbers, Students’ collaboration and cooperation skills ¢en
diminishing technical support, increased use ohcquired via conducting projects with an embedded
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remote experiment and working as a part of a team.
Collaborative learning or cooperative learning, fmens
of situated learning, which include group actistieith
emphasis on cooperation rather than competitonngmo €
students [4]. These require students to have additi
skills such as the ability to work in diverse greup

Cooperative learning is distinguished from collative | o e-Tutor
learning. In cooperative learning teachers taket mbthe @ il et componan ] (e [ e
responsibility for decisions about what is to hedgd and

how the groups are to cooperate; while in collatieea Q/ E
non-competitive learning group activities, studeate
engaged in making decisions about what is learmet a

how [5].

COLLABORATION IN REMOTE LABORATORIES

Globally distributed systems are or will be typigal
interconnected to function concurrently. Such systare
designed and controlled by international teams of
specialists and students, also distributed worldwid
Members of such teams have to collaborate and Currently there are more than 120 RLs reported
communicate effectively to achieve the requiredvorldwide [6], yet only a few allow involved paripants
objectives. Remote laboratories, which started rtheit0 collaborate in real-time. Examples of thosetdel RLs
development about two decades ago, are currerglyas developed as part of the MARVEL (Virtual Laboratany
the beginning of future global systems. They regmes Mechatronics: Access to Remote and Virtual e-Leani
unigue opportunity to deliver a teaching and lezgni Project [7], WebLab at MIT (Massachusetts Institofe
platform for the “development of skills required for Technology) [10] and RL at UniSA called NetlLab [11]
efficient collaboration and communication on a lomad  Other examples are DIESEL (Distance Internet — dase
global scale. Embedded System Experimental Laboratory) [12], [13]

Laboratories are critical and indispensable part Ognd Computer Supported Collaborative Work (CSCW)

engineering education. In addition to real labaiatothat pplication [14]. _ . o
are expensive to maintain and run, new technolanfies Remote or virtual laboratories become a reality in
collaborative remote engineering and laboratoties are  €ngineering education as augmented  traditional
a combination of augmented and mixed rea"tylaborator!es. The students in them have a cengmlip
environments — a “collaborative learning space” fgjt the learning process [15] and can use grid tecigmedoas
support collaborative work between remote siteg.1Fi & collaborative environment (Fig. 3.)

represents the differentiation between hands-on and
virtual, local and distributed, single user andatmbrative
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Figure 2. Collaborative environment for remote
experiments [9].
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Figure 1. Laboratory environments [8]. o —
=~ | Collaboration Messaging
Collaborative working environments in distance g Service 7™ Service
education, that include remote laboratories, delive = 4
productivity and efficiency through synchronized 519 S
communication between collaborating partners, lpaad S | || 5
globally. Multiuser environments have been succlysf = |3 f \ Z f \
implemented in air control systems, team-orientddary o |2 z
systems, chat text tools and multiplayer games.r Use Computation | Simulation || Computation|| Simulation
support becomes critical for the success of cotkiae Bewite ||| Bmise Sewite ||| Bwite
experiments, where in addition to human suppottite- _ ] ] ]
(rule-based) can be implemented [9]. Figure 3. Collaborative execution environment [15].



NETLAB AT UNISA concurrent users. All users have full control ovke

The UniSA RL NetLab [16], shown in Fig. 4, is instruments in the laboratory via the NetLab GUI
situated in the Sir Charles Todd building at Mawsor{Graphical User Interface) depicted in Fig. 5. Aliigh it
Lakes Campus in Adelaide. It can be accessed at: URIS possible to allow the participation of more snt in
http://netlab.unisa.edu.au. Its hardware includéise an experiment, it is impractical and ineffective as
remote laboratory server, a number of other hardwardemonstrated by experiences in proximal laboratorie
items like 16x16 switching matrix, the web camenra a
various Internet controllable instruments and congmts. =
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Figure 4. The NetLab hardware. A e =
The laboratory builds on our extensive research anJ =

development of remote laboratories over many yafirs | Bysrews  Booking SRS
UniSA as well as on that of our colleagues at partn B o
institutions. The UniSA remote laboratory NetlLabais E W
interactive, collaborative learning environment aasl S e
such it offers a unique opportunity to offer stuen | e Howr Vet Vsor User [y, User User User
international collaboration. In addition to localidents, s e B e s
our off-shore programs delivered through Asia-Recif | gz sz OB OB OB || St
Management Institute APMI-Kaplan in Singapore allow | e “o0m @D @ @ || @D @ @ ||2DEE DD
us access to a large number of international ergimg o €D G || D
students who use NetLab to perform the same oty Kivid——p— y——
experiments as the on-campus students in AustEtiz. o & @[ D D | | W e
has enabled us to pilot the program with a smalugr 1 D D | |11 D D WD A

initially and later, after initial evaluation, imgrhentation
of it at a large scale under UniSA supervision. The
involvement of partner institutions in Portugal, sialia
and Sweden are crucial to the success of the colitibe
project. Recruiting students from their own ingtdns,
and possibly from other European Community coustrie
to collaborate in RLs with UniSA students, will iease
the cultural diversity of the participating studdrady. It
will also provide crucial insight into the expergas by
students from other cultures that will be furtheed as a

catalyst for guiding the directions of the intefomal ¢ o activities — critical for the evaluation atudent

collaborat?on. hei by desi . communication and collaboration. The trial has been
NetLab users create their own account by es"g‘-mat'nalready accomplished successfully in April 2009.
a username and a password, following which they can After the trial a modified framework will be

book a E_ethL?b ﬁessmn uS|_rl1)g ;h_e t'mr? lrétherl]rﬁghmt implemented for whole large classes and evaluadegha
Zone, whic Tlr? t eT_ t;ajmscré; e’d |rr1]to t8ed_ﬁ?ut 3"1 ongoing part of the action research process. Tidrfgs
time zone. The onlintJser Guidehas 8 different video ;" he™ gocumented and disseminated in a form of

gl'f?s each giving detalfleﬂ descrlptlc?nband helpstft:; guidelines for best practice in remote laboratories
ffterent Klorr:_p%n_er:jt_s .3 t”e remote la orat(;ry. hge  2CcOmpanied with case studies that can be used by
can use NetLab individually or as a team of uphi@e ¢y ienic’and teaching staff,

Figure 6. NetLab booking system.

Fig 6. Shows the unique NelLab booking system that
allows students from around the world to work tbget
on common experiments.

Students in Adelaide and Singapore have been ttaine
in the use of Centra®, that is an excellent virtearning
environment in software with most of the featuresded
for the collaborative project including recordingcility



CONCLUSIONS [10] A. deAlamo, J. Hardison, G. Mishiris, L. Brooks, KcLean, V.
Chan & L. Hui, “MIT Microelectronics Weblab”, ilab on the

The paper presents existing RLs and suggestioridor Welh pp.49-84, 2003.

development of future ones, that support developraén [11] z. Nedic, J.Machotka and A. Nafalski, “Remote latiories
on-line collaborative skills for engineering stutkem the versus virtual and real laboratoriesProceedings of 33rd
environment where they work together on laboratory ASEE/IEEE Frontiers in Education ConferencéBoulder,
experiment and on small projects that enhance their Colorado, USA, pp. T3E-1, 2—3, 2003.

experiences, skills and knowledge. During the pssce [12] M.J. Callaghan, J. Harkin, E. McColgan, T.M. McGign& L.P.

students are expected to develop communities aftipea Maguire, Clent-server architecture for collabavat remote

as one of the most effective learning setups. Z’;ﬁgg}m;ﬂ 30, ?)Lér'”fz%_omo& oy and omedter
The ability for professional engineers to collaberan  [13] m.J. Callaghan, J. Harkin, E. McColgan, T.M. McGign& L.P.

this context is an emerging and ongoing requireraeiat Maguire,"Paradigms in remote experimentatioifernational

RLs can assist in equipping the next generaticstufents Journal of Online Engineeringol.3, No.4, pp.5-14, 2007.

with the skills necessary to realise it. [14] C. Gravier, J. Fayolle, G. Noyel, A. Leleve, andB¢nmohamed,

“Distance learning: closing the gap between remates and
learning management systemd?roceedings of the firstEEE
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