CLEI ELECTRONIC JOURNAL, VOLUME 11, NUMBER 1, PAPER 2, JUNE 2008

An Ontology-based Framework and its Application toEffective
Collaboration

Seiji Isotani andRiichiro Mizoguchi

The Institute of Scientific and Industrial Research, Osaka University
8-1 Mihogaoka, Ibaraki, Osaka, Japan
isotani@acm.org, miz@ei.sanken.osaka-u.ac.jp

Abstract

In the past few years Artificial Intelligence haeseln gradually introduced to enhance Education
through technologies. However, usual approachesigecsystems with a kind of expertise
using a set of heuristics and domain theories lithe procedures. As a result they cannot
justify their recommendations systematically anérsifically. To overcome such problems it
is necessary to establish a common understandinghaf a learning theory is and how to
represent it adequately. In this work we present glaour ontological framework that allows
for the partial representation of learning theodessidering explicitness, formalism, concepts
and vocabulary. Then, we propose sophisticatednigabs to reasoning on these theories
considering their semantics showing the use of frasmework to build a system called
CHOCOLATO to facilitate the effective design andbsis of collaborative learning activities.
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1. Introduction

Two of the most important research subjects dutieglevelopment dftelligent educational systems (IESare the
modeling of knowledge and the extraction of knowkedlows from theory to practice [4; 8; 15]. It dgies the gap
between theoretical understanding about learnidglapractical foundations to support the learpirggess through
the use of technology. To facilitate the repreg@neand extraction of knowledge in educationateyss, Artificial
Intelligence techniques have been gradually andessfully introduced in the field. However, majbatienges still
remain. Among these, we are interested in how poeseent semantically the knowledgeirelligent educational
systems (IES)nd then how to use this knowledge efficiently eesally within the context of collaborative leargin
Usual approaches to such issues provide theirragstgth a kind of expertise using a set of heuwrsstind domain
theories built in the procedures (programming laggas). This means that the programmers, not tltersgshave an
understanding of the knowledge being used. As dtrébese systems cannot share or build new krageleignore
the existence of theories on which the knowleddmased, and cannot justify their recommendatiostesyatically
and scientifically [15].

To develop an IES that suppoctdlaborative learning (CL) is especially challenging in view of knowledge
representation. Current knowledge concerning Ghased on various learning theories, which are aveayressed
in natural language and are particularly complexegithe context of group learning where the synexgyng
learner’s interactions affect the learning processel hence learning outcome. Itis, in fact, culyaifficult for both
humans and computers to clearly understand andréiffiate between the various learning theoriesvever,
without their explicit representation, it is diffitt to support group activities based on well-greeh theoretical
knowledge.

The use of ontological engineering and ontolog@skhowledge systematization have shown significant
results to bridge the deep conceptual gap betweantb represent the knowledge of educational envivents,
considering educational theories, and how to useléquately [2; 15]. In practical terms, ontologieagineering
helps to achieve [4]: (&) a common vocabulary afghli structured definition of concepts; (b) seniant
interoperability and high expressiveness; (c) cehee and systematization of knowledge; and (d) imetdels and
foundations for solving different problems in aiesy of contexts.

The main problem we are addressing is how to pemfective and pedagogically sound CL sessions
supported by learning theories to facilitate theigie and analysis of groups’ activities and laher te-formation of
groups based on previous information about sucakssfuccessful group formations and learners’rautigons
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(accumulation of knowledge). Our work intends tpsort the selection of appropriate set of learrthmpries and
their characteristics offering (a) fundamentalisgtt to design group activities and to assign rales strategies for
each learner; and (b) essential conditions to @aedarners’ interactions facilitating the prediatiof benefits in the
learning process. The design of a CL sessionégjaisite to maximize educational benefits and toimize the load
of interaction analysis.

To fulfill our goals, in this paper we intend taegent an ontological framework to represent legrthrories
that support CL. Thus, we can establish a commalenstanding about what a learning theory is byasgmting it in
terms of its explicit and formalized concepts amdabulary. Then, we propose techniques to reasamintpese
theories, which contribute to solving the problefmselecting an appropriate set of learning theottepropose
effective learning groups. And finally, we presargrototype of a CL design tool called CHOCOLAT@tthses our
framework to facilitate the design of well thougltt CL sessions.

2. Background and Related Work

Collaborative learning has a long history in Edigra{5]. In spite of that, to propose effective Gé&ssions and to
capture what really happens in each session etilV@ry complex issues due to a lack of comprebénsiodels for
representing what is occurring [8]. Current resedocuses on technological aspects rather thangoefitzal aspects.
Some researches have focused on how to developapnego automate some steps of collaborative legr(ex.
group formation) [12; 13]. Others propose programautomate the use of common practices used &srclam [6;
17]. However, none of these studies consider tfec@feness of CL, allowing the design of grouphaiits that
identify adequate roles and goals for learnersraatth those with feasible interactions. Such liekwizen roles,
goals and interactions are essential to suppoedhevement of educational benefits [8]. Our aitatention is not to
automate, but to provide theoretical frameworks models to form a group on which we can validai jastify the
effectiveness of our recommendations. Our goab isnprove group formation, the design of CL aci#st and the
analysis of learner’s interactions supported bytigs that have already been extensively evaluayetie Learning
Science Community.

Many learning theories contribute to in-depth ustinrding and the support of collaborative learr{iog
instance, peer tutoring, anchored instructions). éowever, it is not easy to find models that allexplicit
representation of these theories. One of the reasoithe difficulty in understanding the theoriasedto their
complexity and ambiguity. Different theories caschibe the same situation using different termig@s. Moreover,
each theory has its own point of view, learninguBcstructure, and many other aspects that nebd tonsidered.
Therefore, to provide systems with theoretical kizalge for collaborative learning we must: a) essibh common
conceptual infrastructure on which we can build adei that describes what a learning theory is amdtw
collaborative learning is; b) clarify how learnitigeories can help the design of group activities @mhance learning
outcomes; and c) support theory-driven group folonathat facilitates the design of CL activitiesdaanalysis of
interactions.

Usually the design of CL activities and analysfsirderactions are treated separately. There i¢earc
boundary between them. To improve the design, messiarchers focus on developing a set of instmgspecifying
how learners in a group should interact and collateoin CL sessions (also known as CSCL scrip#]) Qonversely,
to understand the effect of interactions in therlgey process, many researchers have been analgaindearners
construct their knowledge through social interatdi§18]. Because of this division there are onfgw researches
addressing how design of CL activities can guideahalysis of interactions. Furthermore, therelé&ck of research
addressing the influence of group formation indksign of CL activities and its impact on the Cbhgaess.

In this context our research aims at using ontelegb enable theory-driven group formation thatdithe
design of CL activities with the analysis of intetian processes. This approach allows identifyimgnded goals,
roles, and strategies for a group and its memhaiaglthe design process. Thus, it is possiblaugmest interaction
patterns that can lead learners to achieve degwats. Then we can more easily analyze individuaf& group’s
interactions to identify if the proposed interansowere carried out successfully or not and ifrlees attained the
expected benefits (goals) or not (Figure 1).

Past achievements have successfully applied ornésldg solving some problems in CL. In 1997 Iketdal e
[7] investigated agents’ negotiations for opporstinigroup formation. Inaba et al. [8; 9] haverb&mmalizing how
to represent CL through ontologies and proposinglet®to represent and analyze learners’ developnigher
works deployed ontologies in CSCL environmentsdapa content [19], to support collaboration in reanarios [3]
and to facilitate content retrieval [20]. With tleeschievements it is possible to some extent tatifiyevhich kind of
collaboration occurs in a CL session, to partialhderstand group's interactions, and to deploylogies in real
CSCL environments. Nevertheless, there remain donitations: (a) there is no explicit relation angpimteraction
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patterns and learner’s development; (b) it is mslydo determine which learning theory is apprdpriar explaining
the learner’s development through a set of evemtd;(c) it is difficult to propose activities in mpliance with the
theories to enhance interactions among learneréeaddhem to achieve desired goals.

The contribution of our research has been to ghkese limitations by re-analyzing several learrirepries,
clarifying their characteristics and relationshipfien, we propose ontologies and a model to desdebrning
theories for CL. Finally, we summarize the achiegata by providing sophisticated methods and systeragpport
effective group formation and discuss the futureeagch plan for the design of CL activities and dhalysis of
learners’ interactions based on well-grounded ttézal knowledge.
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Figure 1: Ontological structure to represent a learning theo

3. Ontology-based Framework for CL

To understand and to clarify the characteristicsleafrning theories, we call upon techniques of logical
engineering to re-analyzed seven different leartiegpries frequently used to support CSCL actisiti€ognitive
Apprenticeship, Anchored Instruction, Peer Tutori@ggnitive Flexibility, LPP (Situated Learning)p&o-Cultural
Theory, and Distributed Cognition (further inforraat about the theories can be found in [10]). Femtiore, to build
our ontology we rely on the previous work of Inabal. [8], which proposes interaction patternddarning theories,
offers vocabulary and expected interactions’ fldavdescribe interaction processes, and clarifiesitie of theories in
CL scenarios.

To comprehend each interaction in an interactidtepa and its potential benefits for learners,dieded
the interaction process in two evenisstructional and learning. Every instructional eventhas a reciprocity
relationship with théearning eventsln other words, during the teaching-learning pss; when a person speaks, the
other listens; when someone asks a question, liee ahswers; and so on. Each event has a corréagaxtion (or
actions) and possible educational benefits to tiiteafor of the action. These actions and educatitenefits are
directly related to the context (learning theorg d&arning strategy) in which the events are exatutVe called this
intrinsic relationship between instructional evemisd learning events influential I_L event (Figu2b). The
Influential I_L events are useful to describe tleadfits of interactions in the learning process 1.

The representation of the conceptual structureledming theory consists of two main parts (Figzeg the
Learning Strategy and the Teaching-Learning Prodessur ontology, learning strategies are defins<=I-goal
which means how the learner who is playing itele will interact with another learner who is playitite role
You-role This strategy aims to support the learner whgspthe I-role to achieve his individual goalgybals). For
instance, in the Cognitive Apprenticeship theoriearner interacts with other learners to guide thiming the
resolution of a problem. In this case the learrstigtegy (Y<= I-goal) used by this learnerlisdin by guiding; his
role (I-role) is known as aniaster rolé, the role of the learner who receives the guigafou-role) is known as an
"apprentice rol&, and the goals of the learner who guide (I-gead) to acquire cognitive skills (and meta-cognitive
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skills) at an autonomous level. Previous workswfgroup [8; 9; 10] show the strategies (Y<= I-gokdarner’s roles
(I-role and You-role), and individual goals (I-gpaf different learning theories. A learning theagn possibly have
one or more learning strategies and also many wigenducting the teaching-learning process (repries as “*” in
Figure 2).

The Teaching-Learning Process specifies the inierapattern of a learning theory represented gy th
necessary and desired interaction activities (m®&s) among two people (for instance, instructdragoprentice). As
mentioned before, we can describe interactionsgusiie influential 1_L event for explicitly repredéry the
interaction and its benefits from both points awi for those who do the action and for those velteive the action.
Thus, based on the analyses in Figure 2 we showroposed ontological structure to describe a lagrtheory.
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Figure 2: Ontological structure to represent a learning th¢o]

3.1 Graphical Representation of Learning Theories

With the representation of interaction patternsdigh 1_L events and using our structure of a legytineory, we can
identify the interaction activities and their betsefor instructor and learner in the context déarning theory. At
present, we identified more than 13 influential lekents and their respective benefits used by dkerslearning
theories presented in the beginning of sectiontisT to facilitate the visualization by user and thasoning by
computer, we proposed tBrowth Model Improved by Interaction Patterns (GMIP) [10]. It was built upon two
successful previous works of Inaba et al. [10;With the GMIP we clarified how learning strategm@gscribed by
learning theories can help learners to acquireeiggioals and explicitly identify the relationshgreong interactions,
learning strategies, and learning goals.

The GMIP is a graph model based on our ontologicadtructure to describe an excerpt of learning
theory. It represents, in a simplified way, the learnknswledge acquisition process in compliance withwork of
Rumelhart and Norman [16], and skill developmewicpss in compliance with the work of Anderson Tid.explain
the representation of our model and its compliamitke the works [1] and [16], we have to explain m@bout two
processes: knowledge acquisition and developmeskiti$.

The process of acquiring specific knowledge inctutteee qualitatively different kinds of learnirag:cretion,
tuning, andrestructuring [16]. Accretionis to add and interpret new information in terrhpre-existent knowledge.
Tuningis to understand knowledge through applicatiothisf knowledge in a specific situatidRestructuringis to
consider the relationships in acquired knowledgethns to rebuild the existent knowledge structure.

Considering the development of skills, there ase #hree phases of learning: tegnitive stage(rough and
explanatory), thassociative stageand theautonomous staggl]. Thecognitive stagénvolves an initial encoding of
a target skill that allows the learner to preséwt desired behavior or, at least, some crude ajpation. The
associative stagis the improvement of the desired skill throughqtice. In this stage, mistakes presented initeaiéy
gradually detected and eliminated. Thatonomous stagés one of gradual continued improvement in the
performance of the skill.
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Using these concepts, the GMIP graph has twentgsi@igure 3), which represent the levels of thaerler's
development at a certain moment of learning. Eamlteris composed by two triangles. The upper-righnhgle
represents the stage of knowledge acquisition,enthi lower-left triangle represents the stageitifdevelopment.
The nodes are linked with arrows that show posditdasitions in compliance with [1] and [16(x,y) is the
simplified form of representing nodes in our modeltepresents the current stage of skill developnaety
represents the current stage of knowledge acansifior instances(0,0)represents the node where the stage of skill
development and knowledge acquisition@thing ands(0,1)represents that the stage of skill developmembtising
and the stage of knowledge acquisitioadsretion

Using the GMIP graph, we show the benefits of leaytheories/strategies by highlighting their paththe
graph and associating each arrow with the interastiln Figure 3 we show an example of the GMIPlgrar the
learning strategyléarning by apprenticeshipused by the learning theorgbgnitive Apprenticeship Bold arrows
represent the transition from one stage to therpitdch is facilitated through this learning ségy using the labeled
interactions. There are two kinds of interactioiiee necessary interactions, represented by a loiadke, and the
complementary interactions, represented by a vaitde. The interactions are linked by ellipseseashed ellipse
represents a directed link between two interactiang the full ellipse represents a cyclical linkvieen two
interactions.

The GMIP clarifies more precisely how interactigmeposed by theories can affect learners’ developme
facilitating theory-driven group formation and Iearg design/analysis based on learners’ goals eedte Thus, our
model plays a central role in the decision makibguthow, when andwhy we should use theories to form a group
considering personal and social (group) goals.

For users the GMIP allows a graphical visualizatidrtheories and their characteristics. Thus, usars
quickly interpret the theories and propose groumadion and sequence of activities in compliandé triem. Finally,
it also gives parameters that help to measure tladitg of the interaction among learners. For cotegy GMIP
provides a formal structure based on ontologies;twallows systems to reasoning about the theaneshe features
(actions, roles, strategies, etc.) prescribed bynthThus, it becomes a powerful tool, helping desig to form a
group and to select events (interactions) and rfolelearners, considering interaction patternslaadhing strategies
appropriate for desired learning goals (and viasalke
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4. Towards a Complete Ontology-aware Authoring System for CL

As we mentioned before to propose a group formatiene are many learning theories such as AnchHosgrliction,

Peer Tutoring, Cognitive Apprenticeship, etc. Thienassign roles and strategies for members obapgwe can
select appropriate set of learning theories conisigehe necessary pre-conditions of learners aedetiucational
benefits we expect to be improved for each leaiméne end of a CL session. This flexibility of asing different
learning theories can therefore provide us withynaays to design and conduct learning processeseler, it also
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Figure 4: Architecture of CHOCOLATO

suggests the difficulty of selecting the approprisgt of learning theories during the instructicshegign to ensure
learners’ benefits and the consistency of learpimgesses. Therefore, to help users (instructeashers, designers,
etc) to design effective group activities we needetborated authoring system that considers diftelearning
theories to support the design in compliance witmnt.

To solve this problem we have been developing arthaware authoring system for CL, called
CHOCOLATO - a Concrete and Helpful Ontology-awaodi@borative Learning Authoring Toolt is based on our
model GMIP and the ontological structure to desctéarning theories, besides previous achievenpratented in
section 3. Through the use of ontologies, the iksand their features are declaratively and fdgmalpresented
which (a) prevent unexpected interpretations oftti@®ries; (b) provide a common vocabulary to dbsahem; (c)
enable us to share and accumulate the knowleddgpgquprovide enough information for computatios@mantics to
provide assistance for users based on theoriethdfarore, through the use of GMIP the system offeaphical and
textual support for users providing “intelligentligance with theoretical justifications during tnghoring process.

The architecture of CHOCOLATO is shown in Figurdtds proposed to support different levels of guide
during (a) group formation that maximize the ediat®t! benefit considering the individual and graygals; (b)
designing of CL activities; (c) recommendation @diining materials; (d) analysis of individual amdugp outcomes
minimizing the difficulties during this process;daife) proposing new CL sessions based on previoospts
outcomes.

This system assists both novice and expert userseXample, during the design process, for novesrg)
the design manager of CHOCOLATO provides a strectiguidance considering different learning theofi¢sough
an authoring interface using the GMIP it allowsrede set initial conditions and goals for a learmethe group and
the system automatically recommends theories ggfies, roles and activities to be performed bynlear to achieve
the desired goals. Furthermore, users can custdimzeecommendations in order to satisfy requiramdapending
on particular situations. For expert users, itrsffecommon language and guidelines to formallyes$CL activities,
the interactions’ flows learner’s roles, strategiéasl benefits for learners. Thus, it is possibledéscribe new
strategies and roles for learners, reuse and $iane, and finally combine sequence of interactionf in different
scenarios.

Considering the interaction analysis, it is diffici@ know when learners acquire the desired beheftause
we need to capture what roles the learners plagddvat kind of interactions occurred in the sessi®m help such
process, the analysis system of CHOCOLATO identifyen a CL session proceeds conform the initial @den
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designed by the user. Thus, we can predict whéttledearners interacted as expected and wheth@ltlsession was
successful or not. It is worth to point out thathié initial scenario of a CL session is not essaleld previously it is
much more difficult to expect concrete benefits eménalyze (quantitatively and qualitatively) hawch benefits
were attained by learners.

Thus, focusing on the design process, in orderadyce effective CL sessions, we would like to pres
sub-system of CHOCOLATO (shaded block in Figureghd to support the design of CL activities. This-system
is called MARI —Main Adaptive Representation Interfadé is an ontology-aware system that uses ontekogi
developed in Hozo ontology editdnt{p://www.hozo.jpto provide its theoretical knowledge and représieem on
the screen using the GMIP. Through the use of ogtes MARI allows high expressiveness and interaipiity

1B Chocolats . Concrate Halpful Ontology aware Callaborative Learning Autharing Tosl
MARI : Peer Tutoring
Main Adaptive Representation Interface ™
I Chocolats - Concrete Helpful Ontology-aware Collaborative Learning Autharing Toal E® (
Soloct ono theory w [Seboct ome thesry st | | iniial Stage w | Example of Search  Chear Search ‘ L‘. - S = e
‘lixl'mllo(ﬂl s K
N i S -
| Anchored Instruction [ |
Distributed Cognition

N
(@) l) (b)

Figure 5: Graphical visualization of different learning thies and different strategies

among theories and their features. Nowadays MARIGtheories and 12 strategies, besides othemiattion in its
database.

MARI starts with a neutral network (Figure 5a) tleain represent the theories we analyzed by sedectin
theories/strategies through MARI's interface. MARB&Asons on the ontologies to provide a graphicalalization of
them using the GMIP (Figure 5b) offering an easyl auick interpretation of necessary pre-conditiGmel
educational benefits for learners. Furthermoreclimking in the bold arrows the system can sug@istctivities
(interactions) prescribed by the selected theorichvinelp learners in one stage to achieve the stge. Each
interaction will be depicted on the arrows in tlextrversion of MARI.

Another useful function in MARI is to search thexsrigiven a stage of learner’s development. We el@ats
an initial stage of a learner in the GMIP and tystem will reason on the ontologies to search fgrtheory/strategy
that has the selected stage in the beginning gbdlle As same as before we can select a fina¢ stad the system
will search for any theory/strategy that has tHected stage in the end of the path. And finahg, $ystem can search
for any theory/strategy that has a path througtstiiected stage (it means any stage in the palhtheése ways of
search can be combined, thus, users can selecexfonple, an initial stage (pre-conditions) andnalfstage
(expected benefits) of a learner and the systemnfiwil the theories/strategies that help this learto achieve the
desired benefits. If more than one theory/stratisgfpund, users can select one of them and themsystiggests
activities in compliance with it.

In case we do not find any theory/strategy thapsial learner (or a group of learners) considerisgnitial
conditions (initial stage) and desired goals (fstalye), the idea of blending learning theorieddcba considered [11].
In such a case a possible solution to help a leasnto use the GMIP to work with theories at thacno-level
(strategies, learner’s stages, etc) to selectteglyS1, which help learners in an sta@é (initial stage) to achieve a
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following stageG2 (sub-goal), and then, to select another stra8&ywhich help learners in an sta@@ to achieve a
following stageG3 (final stage) that cannot be achieved3iy After that, working with theories at the micros
(activities, learner’s roles, etc) the system itedb identify the sets of interactions of the &ggesS1 and S2
combining them rationally, to finally, propose @sence of CL activities that maintain the consiséeof the learning
process. These steps enable us to connect thegiie1l andS2and to create suitable set of interactions to help
learner in the initial conditiorG1, to achieve his desired goalz3.

To completely realize blended learning for CL itniscessary to consider the relationships among many
assumptions described by theories (for instancetesty delivery methods, learning preferences,, éteyides the
synergy among learners in a group. It is our indenfor future research to include a study dematisiy some
examples and possibilities to blend learning stjiagesemi-automatically.

Using ontologies and the GMIP it is feasible for eystem to reason on the theories at the macronecrd
levels and to create a link between them. Thisdilhdws us to select appropriate learning theaiesstrategies at the
macro-level and to suggest consistent sequencetivitigs for learners in a group at the micro-leve

The suggestions given by our system are only guieglfor users to propose CL activities based eoribs
which (a) preserves the consistency of the learpiogess; and (b) guarantees a suitable pathdandes to achieve
desired benefits. However, expert designers doeed to follow the suggestions. They can propasie dlivn path on
the graph and their own sequence of activitiesuich case the system also can assist these ueeidiny different
kind of information about theories, activities adtrgies, learner’s roles and other related infaomahat can be useful
in various situations.

5. Conclusions

The main contribution of this research is to introel our model GMIP based on an ontological strector
describe learning theories for CL and create teples to use it rationally. This is another stepwéod in the
improvement of ontology-aware authoring systemsaffar intelligent guidance to design CL activitisupported by
theoretical knowledge that solves, at least péytitie problems of knowledge representation preeskeim [15]. The
proposed system MARI supported by our model GMIB tneories described as ontologies allow us to watk
theories at the macro and micro levels and to eradink between them. This link clarifies, moregsely, how
interactions can affect learner’s development witielps designers to select interactions and raesdch learner
with justifications based on the theories. It @iows us to reasoning on these theories semi-attoatly to suggest
consistent sequence of activities for learnersgnoalp.

The prototype of IES, using our model and ontolsgieas shown good results [11]. With principledugro
formation our system creates favorable conditi@mddarners to perform CL activities and help instors to more
easily estimate how many benefits the learnerindtidhe end of a session. Through an authoriteyfiace using the
GMIP, it allows users to set initial conditions agmhls for learners and the system automaticatlymanends group
formation, theories, strategies, roles and actisitnteractions to be performed by learners toeaghihe desired goals.
Furthermore, users can customize the recommendatioorder to satisfy requirements depending oriquéar
situations. Nowadays the system (called MARI) habebries, 12 strategies and 10 learner’s rolesidbs other
information in its database.

We also would like to emphasize the intriguing [iluifisy of blending strategies from theories usiogr
model and our system as a feasible and novel saltti deal with the problem of unreachable goatgéss in GMIP
that none of the analyzed theories has a pathghrby itself). Because each strategy is intringia@presented as a
path on the GMIP graph, we can find common poistges) between strategies, and thus provide guédeb blend
learning theories bylihking” two or more strategies from different theoriesathieve a desired goal. In such a case,
during the CL design the system can dynamicallyssgfor users a set of activities supported byd#e theories to
find a suitable way to lead learners to achievesrdd benefits/goal.

Our ultimate objective is to complete the develophtd the foundations of an intelligent authoringltfor
CL that supports group interactions, facilitates thesign of learning environments, and evaluatesgtrality of
learning processes. We also plan to use our aghients to allow meaningful interaction analysis topmse group
formation and re-formation of groups based on awatlation of knowledge.
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