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Adaptive System for Collaborative Online
Laboratories

Christophe Gravier, Martin J. O’Connor, Jacques Fayolieerdy Lardon

_Abstract—In the last decade, researchers in the Online En- systems, researchers are primarily interested in the mexha
gineering field have attempted to provide hands-on, web-based of making a laboratory available online, and in the inteigrat
approaches for Distance Learning. The primary goal of thiS nf the |aboratory with local information systems, espégial

research is to produce online laboratories that serve as the L . M t Svst While th . .
educational substitute for in situ laboratories. A limitation of ~-€arMiNG Management Systems. Vhile these issues are im-

existing online laboratories, however, is that they generally only portant, the inability to support multiple SimunaneOUS?“_-‘B_S
allow a single user to be connected at a time. Since group results in systems that lack a key component of the tradition
learning activities, such as peer assistance, peer emulation, andlaboratory learning experience. Collaboration among estitsl
collaborative experimental setup, are core dimensions of the is a cornerstone of the local laboratories learning expegie

traditional laboratory experience, this shortcoming is a significant . )
pedagogical bottleneck. Recent research has focused on criegt as it lets students exchange skills, results, and know|etige

Collaborative Online Laboratories (COL) which attempt to ad- form groups, and to emulate other group members [5]. Recent
dress this shortcoming by focusing on the group awareness aspec research has focused on how to scenarized these intemaation
of the laboratory learning experience. This paper discusses how g |earners group [8], [9]. Co-construction of knowledgelsa
group awareness can serve as a key component in replicating the 5o f the pasic goals of collaborative learning. Thesebuari

collaborative aspect of learning in local laboratories. We discuss di . f llaborati . tant in Enai .
strategies for describing group awareness and how these strate Imensions o coliaboralion are Important In-Engineering

gies are associated both with a tutor's pedagogical objectives @n Education, particularly in laboratory settings, as thegviute
in the management of the group of collaborating students. We the perspective of shaping teaching scenarios that are tos

describe an experimental system that we have developed thatreal-world distributed engineering team work [6]. By leam
uses Semantic Web technologies to define a knowledge-driveny,ather, students also learn to work in a distributed graiup
system that allows researchers to describe and execute a variety k ’ hich is oth ise difficult to | during lea

of collaborative strategies for online laboratories. wor G_zrs, w '(_: IS0 _erW|se_ ihcult to earr_1 uring lectar

] o ) Working at distance is also likely to be an important facet of
Index Terms—Ontology-driven Applications, Adaptive Sys- their future life as engineers [7]

tems, Remote Laboratories, Computer Supported Collaborative 4d his limitai h q | d labazati
Learning, Web Based Instruction, Ontologies, OWL, SWRL, To address this limitation, we have developed a collabggati

Rule-Based Systems, Knowledge-Based Systems online learning framework with integrated group awareness
support [10]. In this system, students connected to an enlin
I. INTRODUCTION session are notified not only of the effects of their intended

HE field of Online Engineering emerged in the ear|)action, but also notified of the possible interactions betwe
T 2000s from research carried out at the Massachusdhts action and the actions of other users. Each online stude
Institute of Technology [1]. Using the Internet and webiS @ssigned a unique visual indicator (usually a color) Far t
based technologies, the goal of online learning is to pevidluration of a session and this |nd|cat'0r is used to show the
a laboratory learning experience to students who are rg#thor of each action. When a student indicates that thegdnte
physically present in a laboratory. These online laboresor [0 Use & widget, the widget is modified to display the visual
allow students in the various parts of the world to perfordfidicator assigned to the student. Every connected ushuss t
engineering laboratories online and use Distance Learni@yare of the author of every action, and of its consequence. A
techniques to produce the pedagogical equivaleninaditu Scenario Of.thIS t'ype is illustrated at figure 1, and in anranli
laboratory sessions [1], [2], [4], [13], [16]. This field greout demonstration video ' . .
of early work that aimed for accurate online reproduction of In such a system, multiple simultaneous users attempting
workbench activities during local laboratory sessions[23], 0 manipulate the same resource can leadvidget wars,

[15]. which can negatively affect collaboration among learnéns.
Current Online Laboratories differ from traditional laer general, a supervisor is present to monitor intendend rstio -
tories in that they typically lack the ability to support keti- and mediate as needed. To provide assistance to the tutor in
oration among students [3]. When developing current onlilé€ management of the group of connected students, we have

developed an ontology-based intelligent system to encode a
Manuscript received March 31st, 2009; revised Month, Daary execute collaboration policies. These policies can be used
C. Gravier (@chgravier), J. Fayolle, and J. Lardon are with Wniversié ) ’ .
de Lyon, F-42023, Saint-Etienne, France, Univérsie Saint-Etienne, Jean {0 @dapt the rule governing collaboration among students

Monnet, F-42023, Saint-Etienne, Francetlétom Saint-Etienne, SATIN, according to the context of the learning environment and the
équipe assoée de I'Institut TELECOM, DIOM, EA3523, F-42023, Saint- pedagogical goals of the tutor
Etienne, France. '
M. O’Connor is with Stanford Center for Biomedical InformatiResearch,
Stanford University, Stanford, CA 94305, U.S.A. Ihttp://diom.telecom-st-etienne. fr/satin/einst/eikigmo.avi
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Il. REQUIREMENTS OF ACOLLABORATIVE ONLINE
LABORATORY

A. Use Case Scenario

Bob and Alice have participated in a large number of lab-
oratories together during the first two of their 3-year Messte
curriculum at the University of Saint-Etienne in France. In
their final year, Alice and Bob have chosen a distance legrnin
curriculum which allows them to take 9-month rather than the
traditional 6-month internships. Alice is working in a coamy
in London, and Bob, who is fond of Japanese culture, has an
internship position in the University of Tokyo. Once a week,
they perform distance learning sessions. During theséosesss
among other learning activities, they participate in a aml
orative online laboratory. They participate in this lakorg
under the guidance of Mr. Smith, who is connected at the
same time. This laboratory sessions concern signal reftecti
and transmission in telecommunications and requires tee us
of a network vector analyzer. In addition to the subjectesfie
goal of the laboratory activity, Mr. Smith views the teadhin
of collaboration between Bob and Alice as an important part
of the learning experience.

B. User interactions in Collaborative Online Laboratories

Anticipating the sequence of interactions between users
during a session is difficult. The goals of a particular s@ssi
and thus the interaction sequences may vary depending on the
pedagogical goals of the instructor. The goals may also vary
due to the individual circumstances of a session. For exampl
Fig. 1. Real laboratory (top) and associated software ¢bott The Mr. S_m'th may decide that BOb' who a_rrlved If’ite to an On_lme
equipment is a Vector Network Analyzer. It is used to measurarpaters Session, should have more time than Alice during the segsion
of an g_lectronical network to determine its signal transraissind reflection g|low him to catch up with Alice, who arrived at the beginning
capacities. of the session. Or instead the tutor may want to favor Alice,
who was on time. Alternatively, the tutor may decide to give
more time to Alice, because she is less confident than Bob
about the topic being covered in the session.

Whatever the scenario, the collaborative policies adopied f

Using semantic technologies to assist education acsvitie . ‘derablv. Th f bleiEsli
is a relatively recent development [11]. Our approach makgg ©SSIon can vary considerably. 1he range ot possible@siic

use of these technologies to manage collaboration am ﬁgwmerous and each.po_lic_;y can potfentially be modified to
learners. We provide a domain ontology for collaborativ? get the goals of an individual session. For these reasons

online learning, and present a rule-based system for a tu of"s gepgrally not prac_tical to build a modgrgtiop unilt that
to express their strategies in managing these collabosati ant ar(;tlti;patel a_II posls_:lbble coLIab(I)_rgtlvethp?llmes n
sessions. We describe a set of example policies and présen fs e’?)l » developing ?‘f lorary of po 'C'ei_ ‘? c?vt(_ers a eang
rules used to encode those policies. We outline the arthitec possible scenarlos ofiers a more practical solution.

and an implementation of this semantic system, and describeUSIng S‘?mar?“c Web _technologles, we have developed
a user evaluation. such a policy library. Using the Ontology Web Language

(OWL [12]) and the associated Semantic Web Rule Language
This paper is organized as follows. Section 2 outlines th&wR(2) we have developed a knowledge-based system to
requirements for the modeling of a collaborative onlinedka@d gescribe and operationalize policies in a collaborativénen
tory. Section 3 and describes the OWL ontology used to moqghoratory. The system uses OWL to describe a domain
the domain of collaborative online learning. Section 4 St‘ovbntology containing the core entities a typical collabiveat
how it is possible to build strategies for collaborationngsi gnjine environment. It then uses SWRL to encode individual
this ontology by providing examples of common collabortiveo)iahorative policies in terms of these domain entities. A
policies used in online laboratories. The architecture afghividual policy thus corresponds to a set of SWRL rules;

implementation of the software system developed to rea”éeparticular policy may be selected by activating the rule se
these strategies are described in Section 5. Finally, werithes describing that policy.

an evaluation showing how teachers and students reacted to
this new collaborative learning experience. 2gemantic Web Rule Language, http://www.w3.0rg/SubmisSifRL/
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I11. A D OMAIN ONTOLOGY FORCOLLABORATIVE ONLINE IV. RULE-BASED POLICIES FOR COLLABORATIVE
LABORATORIES LEARNING

We devloped a domain ontology to describe all core con-
cepts and entities that occur in a collaborative online 1al- gadic collaborative policies
oratory. Fig. 2 contains a simplified representation of this

ontology. . .
9y We can now use this ontology to develop collaborative
learning policies. For example, we can describe policies to
e RndngOperaiie encer the collab_orative learning _experiences that thfee_lfo
e Request mentioned Mr. Smith wants to provide to both Bob and Alice.
i /" AcceptedOperating Each policy will, for example, encode access conditionster
Admin )/ Request operator in a session. Individual policies must also i
S ’ NonAccepted that collaborative sessions evolve over time and constuer t
owl:Thing - Request i state or collaborative context at a particular time in aisess
imebase . . . . . . .
W\ Bvent TimeBased _ : A policy effectively encodes permissible actions withirclea
\ Event . Disesnneticn collaborative context. In other words, users are able tfopar
Level : - . . . . g
= Period i) ol T, commandslln a group only if the collaborative context sasfi
\ ¢ Remotelab)) N - a given policy.
Role WaitingPeriod ) In our system, we described these collaborative policies

using sets of declarative rules encoded using SWRIWRL

has a number of attractive properties that make it partitula
Fig. 2. A simplified view of the ontology of collaborative oné labora- suitable fo_r this tas_k. It is a.deCIaratlve Ianguage_ pased (.)n
tory events (light background indicates primitive classteker background OWL and it semantics are built on the same description logic

_ OperatingPeriod

indicates defined classes). foundation that underlies OWL. It allows users to write rules
directly in terms of concepts in an OWL ontology. SWRL rules
The ontology focuses on three basic areas: are stored in the associated OWL ontology and effectively

1) Therole of the user in an online session. Session partidierm part of it.
pants include learners, teachers and administrators. PoliFor example, let us build an example collaborative policy
cies are generally focused on learners, with the ability t@le, which can be expressed in natural language as:
formulate policies typically being restricted to teachers
and administrators. The ontology describes these variou
types of session participants. Each of these participan Policy 1 : If a user has an administrative role an
types are associated with different capabilities. a pending request for being an operator, then mege
2) The experiencdevel of the user. Various levels of | this user the new operator.
experiences can be assigned to a user, such as, f

example, beg_lnngr, |_nterm<_a_d|ate_, advanceq, and expertUnder this collaborative policy, when Mr. Smith requests
For instance, if Alice is familiar with the device she ma

X¥o be the operator he becomes the operator even if other users
be assigned an intermediate role, while Bob, who is nagt b P
. . . X ate connected to the system.
is assigned the role of beginner. These experience levels

can be used to constrain the activities a user can perform ) o ] o
in a session and to formulate policies based on a user's! Ne next step in building a collaborative policy is to take
experience level. the natural language description of an individual policyl an

3) The role of time-based elements. Time is a central then express it as a SWRL rule. This rule can be written in

dimension in online laboratories. Policies are general§VRL as follows:
expressed in terms of the duration, timing, and sequence
of events in an online sessi(_)n. The ontolqu o_lescribe Def_hasOperator : RemoteLab(?r) A User(?z) A
the various temporal properties of the entities involved o
. . . : hasRole(?x, Administrate) A
in a session, such as, the connection time of a use, ) )
hasPendingOperating Request(?x, 1)

the amount of time a user has waited or has been al
operator, and so on. = hasNextOperator(?r,?z)

The ontology was developed on OWLSimplicity was a _ (_1)
major goal when designing this ontology since this approachThis rule can also be expressed as two rules, with one
genera”y favours reusabi”ty1 evolution, and Sustaihﬂbbf rule for user qual|f|cat|on, and one rule for asserted the nex
the ontology [17]. An additional advantage is that it is easiOP€rator.
to author and maintain policy rules against a simple ontplog

3This ontology can be downloaded from http://dev.telecoratinne.fr/ 4An introduction to the SWRL language can be found at: httptége.
satin/rlab/collaborativev4.swrl.owl. cim3.net/cgi-bin/wiki.pl?SWRLLanguageFAQ.
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« When Bob requests the device control, it is refused to
Def_isAdmin : User(?z) A hasRole(?z, Administrate) him if he had more than 5 disconnections in the current

= Admin(7z) session.
| « When Bob requests the device control, he is granted the

operator status only if he has entered the session more

Def_hasOperator : RemoteLab(?r) N Admin(?x) than 10 minutes ago.

A hasPendingOperating Request(?x, ?r) « The users are granted a preemptive and dedicated access

= hasNextOperator(?r, z) of 15 minutes. Within those 15 minutes they cannot be
) preempted by other users (except by administrators and

It is worth noting, that separating the rules in this way also ~ teachers), that also means they cannot preempt other users
favors reusability because the results of the individuatemo ~ When it is not their time slot.

granular rules can be used by other riles. Many more policy rules than those presented here are
possible and these rules can be combined and reused in many
B. More complex collaborative policies ways to achieve a tutor's goals. Even though our underlying

More elaborate policies than the one described above &QMnain ontology is relatively simple, considerable exprety

typically required. An example of a more complex polic;}s affordeq with the use _of SWRL rgles. As can be seen, time
could be the following: plays an important role in most policy rules. Our policy rile

make extensive use of a SWRL temporal libréry

Policy 2 : Give operator status to learners up
request only if they have less accumulated operatifig
time than the current user. This restriction do A. System Architecture
not apply to teachers and administrators, who §e
granted preemptive access.

V. IMPLEMENTATION OF THEKBS

Protégé

OWL Editor

SWRLTab Editor

Again, this policy can be expressed as a set of SWRL rules:

['ed - >
Def_hasAdminOperator : RemoteLab(?r) A domain ontology [ Policy #1 Policy #2 Policy #n ]
) ) . ©owL) (SWRL) (SWRL) (SWRL)
Admin(?x) N hasPendingOperating Request(?x, 7r) ,

= hasNextOperator(?r, 7x)

imports as
terminology

import one set of production rules
(collaboration is here set to policy#2)

Def_hasTeacherOperator : RemoteLab(?r)
A Teacher(?z) A hasPendingOperatingRequest(?x, 7r)

Knowledge
= hasNextOperator(?r,?z) Base

Def_hasStudentOperator : RemoteLab(?r)

A hasOperator(?r,7sl) N Student(?s2) SWRL Collaborative
rule engine Unit

A hasPendingOperating Request(?s2,7r) gt

A hasOperatingPeriod(?s1, 70pl)
A hasOperatingPeriod(?s2, 70p2)
A hasDuration(?opl,?d1) A hasDuration(?op2,7d2) Gollaborative i
A swrlb : lessThan(?d2,7d1) Online

= hasNextOperator(?r,7s2) Laboratory

<

Remote device

. . L. . (3) Colours for
Other possible collaborative policies include: group awareness

« When Bob requests the device control, he is granted tlgig 3
operator status if Bob has less operating time than Alice.”
« When Bob requests the device control, he is granted theT

operator status if it is the first time that he has requestﬁqented by a Collaborative Unit Logic module (see Fig. 3).

it. : .
. . This module provides:
« When Bob requests the device control, he is granted the P

operator status if he was connected before Alice « Connections between a collaborative online laboratory
and collaborative policies

Implementation of the collaborative process unit.

he collaborative logic and knowledge base are imple-

5These rules all other rule sets described in this paper aadabie at:
http://dev.telecom-st-etienne.fr/satin/rlab/polidiakes.zip. Shttp://protege.cim3.net/cgi-bin/wiki.pl?SWRLTemporailins
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« All the knowledge related to collaboration and the curretiv develop custom solutions for their domain, though the

state of a session temporal scoping mechanism outlined here is quite robust fo
« Updates knowledge upon new actions over the onlirikis specific system.

laboratory
« Decides, according to the collaborative policy in place,

whether or not a user requesting the operator status is VI. EVALUATION

ranted it or not. . . .
9 To evaluate user satisfaction with the system, twelve three

The system implementation relies on widely availablg,q, sessions were arranged. Each session involved 45 stu-
open source Semantic Web software and APIs. The dom@ifins divided into groups of four (with one oversized group
ontology was developed using Pege-OWL and the SWRL ¢ 5 gyyydents). Students in each group were connected to one

policy rules were developed and executed using its SWRLTahyote workbench device using a single touch screen. Users

plugin [18]. remotely handled the workbench while facing questions en th
purpose for their hands-on session. The logging systemshow
B. Switching collaborative policies in an online session that an average of 95 commands were relayed per hour per

Clearly, all sessions within an online laboratory canna ugroup of students.

the same collaborative policy. Even within a single session One IOf th.e main quectlves IOf online lab.%jat?”esa'f’ o
the tutor may want to change the policies. For these reaso?g?r a learning experylence as close as possibie to re .
articular, the device’s HCI is expected to be an accurate

we introduce an Adaptive Module, which is responsible f i ¢ th hvsical device's  interf F "
switching from one rules set to another. At the applicatiorf?CSImIe 0 € physical devices nterface. rrequently,

level, this process involves dynamically switching policye learning to use the HCI of a specific piece of equipment is a

sets. This switching process must maintain the currenlesystped""gog'c"’lI objective |tself.'ln general, HCI quallty tetad
state. strongly affect user perception of the overall quality oé th

A possible scenario is as follows: Mr. Smith sets thgollaboraﬂve online laboratory experience. Hence, theesu

collaborative policy to the administrator policy so thatdan glso ev_qluated user sgt|sfact|on ,W'th the online dgwcé.’ﬁ H
prepare the session for Bob and Alice. Bob and Alice cdn addition to evaluating users’ overall perception of the
join the session and see Mr. Smith’s actions but they are r'lsé/tStem'
allowed to perform any actions themselves. Afterwards, as
Mr. Smith wants both Bob and Alice to test the COL, he
sets the collaborative policy to favor late comers. Theesyst ¢ TO evaluate the HCI, we generated a user interface
discards the previous collaborative policy rule set andigoa  €valuation guestionnaire using commonly available web
the set representing the new policy. Later, to avoid too much Software [19]. Three common evaluations heuristics were
inequality in the access during the session, Mr. Smith $ets t used in the generation this questionnaire: Nielsen’s At-
collaborative policy to favor users with less operatingeim  tributes of Usability, Lewis’ works on IBM Computer
Again, the system has to seamlessly switch from one rulesett Usability Satisfaction Questionqai?esand Chin's Ques-
another. It should be noted that this approach to implemgnti  tionnaire for User Interface Satisfactfon
collaborative policies is not specific to online laboragstiand ~ * The second part of the questionnaire was dedicated to the
thus could be used by other knowledge-based systems that learning experience itself.
require similar policy mechanisms. The list of survey questions is accessible online [20].
OWL's monotonic inference mechanism must be considered
when switching rule sets. Because SWRL rules are logically
part o.f an OWL ontolc_)gy, retracting one se_t _of rule.angl Survey Results
asserting another can introduce nonmonotonicity. Desggne
of adaptive systems that use OWL need to deal with this .
issue. A possible solution is to discard all current sessi ora_ltoryuwas a very QOOd_'d?a _(82%)‘ In response to the
knowledge when policies are switches, but this approachJ4estion “In your opinion, is it important to collaborate
clearly unsatisfactory. Ideally, the adaption processukho With Other people?”, more than half (58.82%) thought it was
preserve the original context when dynamically loadin seful to help one another, 32.35% enjoyed comparing their
new rules that encode different policies. A solution that perimental results with other people, and the remaining

have adopted is to explicitly identify assertions made %;2%) used it to speak about student parties they had

The survey questionnaire was dividen into two sections:

In general, participants thought that a collaborative ramli

policy rules and to associate a temporal scope or dimensioit): They also noted (92.60%) that using a collaborative

with them to identify their period of validity. Any further ONline laboratory instead of a local laboratory helped
assertions made using these assertions must be similélﬂ
scoped. When a new policy is activated, these assertions é@e
any further assertions made using them are no longer valitf.
This solution ensures that no inconsistencies are in_tmmﬂuc Thttp://hcibib.org/periman/question.cgi?form=NAU

by rule set switching but it is not a general solution for 8np://ncibib.org/periman/question.cgi?form=CSUQ
all adaptive systems. Developers of such systems may neethttp:/hcibib.org/perlman/question.cgi?form=CSUQ

m significantly when writing reports, particularly when
roducing result graph. Each of the three HCI evaluation
uristic give approximately the same result for user
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satisfaction for device usability: 62.04% for questiomeai possible leaders, for example, or to identify weak students
based on Nielsen’s work, 59.14 for the one based on Lewisigho may require more assistance. The underlying challenge
and 57.50% for questionnaire from Chin’s works (greatest to enhance the learning experience of users in collaierat
difference is 4.54%). 55.56% of participants assessed theline learning laboratories to meet the goals of both tutor
graphical user interface to be very close to the real interfaand students.
of the remote device, and 40.47% noticed it exhibited only

a few differences. The overall performances of the platform

were judged satisfactorily by 77.78% of users, even by those

using slow laptops (with Intel Celeron processors and 256 This work is funded by the Conseil&éral de la Loire,
Mb of RAM). It is interesting to note that 62.96% of student&rance: http://www.loire.fr/. Mr. O’Connor was supported
intentionally attempted actions that were not forecastgd part by grants LM007885 and LMO009607 from the U.S.
the hands-on session questions, driven primarily by cityios National Library of Medicine.
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