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Abstract One of the main difficulties during the design of collaborative learning activities
is adequate group formation. In any type of collaboration, group formation plays a critical
role in the learners’ acceptance of group activities, as well as the success of the
collaborative learning process. Nevertheless, to propose both an effective and pedagogically
sound group formation is a complex issue due to multiple factors that influence group
arrangement. The current (and previous) learner’s knowledge and skills, the roles and
strategies used by learners to interact among themselves, and the teacher’s preferences are
some examples of factors to be considered while forming groups. To identify which factors
are essential (or desired) in effective group formation, a well-structured and formalized
representation of collaborative learning processes, supported by a strong pedagogical basis,
is desirable. Thus, the main goal of this paper is to present an ontology that works as a
framework based on learning theories that facilitate group formation and collaborative
learning design. The ontology provides the necessary formalization to represent
collaborative learning and its processes, while learning theories provide support in making
pedagogical decisions such as gathering learners in groups and planning the scenario where
the collaboration will take place. Although the use of learning theories to support
collaborative learning is open for criticism, we identify that they provide important
information which can be useful in allowing for more effective learning. To validate the
usefulness and effectiveness of this approach, we use this ontology to form and run group
activities carried out by four instructors and 20 participants. The experiment was utilized as
a proof-of-concept and the results suggest that our ontological framework facilitates the
effective design of group activities, and can positively affect the performance of individuals
during group learning.
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Introduction

Collaborative learning (CL) has a long history in Education (Stahl et al. 2006).
Nevertheless, with the fast development of technologies that enhance collaboration and
communication, recently, this approach has been attracting more attention and becoming a
popular method used in classrooms, e-learning environments, and enterprises. According to
Soller et al. (2005), over the past decade the number of technologies that enable people to
learn collaboratively have increased considerably. Although these technologies have
stimulated the use of group activities to support learning, many researchers have noted
problems with a lack of tools and a more systematic approach (computer-understandable
approach) to support pedagogically sound group formation, the adequate design of CL
scenarios and the intelligent support for students to collaborate more effectively (Inaba et al.
2000; Strijbos et al. 2004; Harrer et al. 2006; Ounnas et al. 2008).

In CL, group formation plays a critical role that affects the acceptance of group activities and
the success of the learning process. Some researchers claim that inadequate group formation has
been the main reason for many unsuccessful applications that rely on CL (Fiechtner and Davis
1985; Graf and Bekele 2006). Nevertheless, the work of Wessner and Pfister (2001) shows
that only a few CSCL systems provide functionality for group formation. The majority
focuses either on techniques for sharing resources, or on improvements of group
performance.'

In this paper we focus our discussion on the necessity of sophisticated group formation
to set roles, goals, and activities for each learner before a CL session starts. To propose
effective group formation, it is helpful to have a clear and conveyable understanding of
many learning theories and their features. However, it is difficult for users (e.g., instructors)
to have such a common understanding. Our approach calls upon techniques of ontological
engineering to build ontologies that represent, explicitly and formally, the main concepts of
each theory which are obtained by our interpretation of theories from group formation
perspectives. We then proposed a method for adequately using those concepts. Such an
approach does not intend to neglect the existence of other effective methods for group
formation. Instead, our approach can (and should) be used jointly with other approaches to
increase the benefits of group learning by offering structured and well-linked information
that facilitates pedagogically sound CL sessions in a variety of contexts.

The method for group formation using ontologies proposed in this paper consists of,
first, understand students’ needs (individual goals) and then select a theory (and also group
goals) to form a group and design activities that satisfy the needs of all students within a
group. Our hypothesis is that if we know beforehand more about students’ needs, it is
possible to increase the benefits of collaboration by grouping students who can support one
another (win-win approach) and propose more personalized CL activities that help the
members of a particular group to achieve their goals as individuals and as a group. The
proposed method is the opposite of conventional methods where instructors initially design
collaborative activities and then assign real learners to the various roles and groups. To
demonstrate the feasibility of our method, we run an experiment as proof-of-concept where
instructors designed and deployed group activities to support development of participants.

! An improvement of group performance does not guarantee an improvement of learning (Dillenbourg 2002).
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Each method (conventional and proposed) has its pros and cons, therefore, depending on 78
the situation, an instructor could opt for one of them. Although in this paper we address 79
mainly the support of our proposed approach, the ontology developed in this work can 80
support instructors to use a more “traditional” approach and decide in which conditions he/ 81
she should switch to other methods for group formation. 82

The structure of this paper intends to, first, introduce the current state of the art of group 83
formation. Next, it gives an overview of our theory-driven group formation concept as it is 84
developed to date. Following, it presents the CL ontology and a method for group 85
formation. Finally, in order to validate the usefulness of this ontology, it presents the results 86
of an experiment performed with four instructors that have used our ontologies to form 87
groups with the intent to sharpen the communication skills of 20 participants in an ill- 88
structured environment. 89

Related work in group formation 90

In the literature, gathering learners into learning groups has different names, such as group/ 91
team formation or group/team composition. However, the meaning of these terms is 92
basically the same, which is to identify concepts that serve as a basis for forming a more 93
effective group. The term effective is explored differently among researchers in the field, 94
but often is used as a synonym for the adequate allocation (and/or optimal sharing) of 95
resources to maximize the chances of learning. These resources can be tangible, such as 96
learning materials and tools to support collaboration, or intangible, such as knowledge and 97
skills to be learned. In the following paragraphs, we will show some related work in group 98
formation which combine two or more resources (parameters) to form groups. 99
Usually, the allocation of resources is based on decisions regarding learner’s profiles, 100
technologies, and predetermined tasks (CL techniques or CL best practices). The use of 101
learner’s profiles helps instructors adequately deliver content adapted to satisfy the 102
necessities of the group and its members. For example, the work of Alfonseca et al. (2006) 103
shows the benefits of using learning styles to gather students with similar styles in order to 104
adapt the content for groups working in adaptive hypermedia environments. Thus, it is 105
possible to increase the heterogeneity of a group according to gender, culture, expertise, and 106
other variables, without adapting the content for each member of the group. Different 107
approaches using information extracted from the learner’s profile to form groups (e.g., 108
knowledge about the content, personality, attributes, and programming styles) are discussed 109
by Greer et al. (1998), Graf and Bekele (2006), Faria et al. (2006) and Ounnas et al. (2008). 110
Another interesting approach for group formation is to include inputs from the 111
environment, such as the availability of specific tools and learning materials, or 112
emotional parameters of learners, and form groups considering these restrictions. 113
Mubhlenbrock (2005), and Wessner and Pfister (2001) point out that the use of special 114
technologies (e.g., PDAs and ubiquitous sensors) to obtain variables from the 115
environment can provide an additional source of information, helping to identify the 116
context (or collaboration context) where the collaboration will take place, and thus, 117
improving the quality of the grouping. 118
Finally, one of the most used approaches for group formation is the use of CL techniques 119
(also known as CL best practices). Usually, a thoughtless group formation (e.g., random 120
selection of learners) and non-structured CL activities (e.g., free interaction) result in 121
inequitable participation, off-task behavior, resistance to group work, and learners in the 122
same group working at different paces (Dillenbourg 2002; Barkley et al. 2005). Thus, the 123
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use of CL techniques aims to ensure better individual accountability and positive group 124
interdependence. Some of the benefits of CL techniques presented by Barkley et al. (2005) 125
are (a) a better explanation of the activity, thus providing learners with a basic overview of 126
the whole picture of the collaboration process; (b) clarification of macro-objectives of the 127
group task which helps learners to understand the benefits of the activity; and (c) outlining 128
the task procedures and describing more precisely what learners should do and how they 129
should behave (assignment of roles), thereby minimizing confusion during the activities. In 130
this context, the available supporting systems for group formation are tied with one CL 131
technique. For example, the work of Soh et al. (2008) proposes an algorithm for automating 132
group formation based on one of the well-known CL techniques called Jigsaw (Aronson 133
and Patnoe 1997). In another related work, Deibel (2005) describes a method to support 134
group formation based on Jigsaw for computer science in-class group work. Both works 135
show interesting advantages in using group formation to foster learner participation, to 136
promote peer teaching, and to motivate critical thinking. 137

Although the benefits of the group formation approaches are presented in this section, a 138
critical review made by Strijbos et al. (2004, 2007) and Resta and Laferriere (2007) reveals 139
that there is limited research on this topic which makes the design of groups based only on 140
learner’s profiles, technologies, and tasks insufficient for proposing well thought out CL 141
sessions. To fully support CL, group formation methods should consider critical elements 142
that affect learner’s interaction while taking care to design specific formations with CL 143
activities that elicit expected interaction processes. Furthermore, the impossibility of 144
justifying either theoretically or pedagogically the selection of participants to compose a 145
group is one of the main weaknesses of the available methods, and a strong reason for 146
teachers’ hesitation in deploying systems with group formation capabilities. 147

To improve previous achievements and fill the gaps presented in the previous paragraph, our 148
work aims to provide theoretical knowledge, extracted from learning theories that support CL 149
(e.g., Cognitive Apprenticeship), which can be understood by both humans and computers and 150
be used to further increase the benefits offered by others approaches. Such knowledge provides 151
the theoretical justifications to form groups and offers the fundamental setting for an effective CL 152
design and the essential conditions to predict the impact of interactions in the learning process. 153

In this theoretical approach, the term effective is used differently from other approaches. It 154
is not concerned explicitly with adequate allocation and/or optimal sharing of resources, 155
although it provides support for it. This term refers to the creation of collaborative scenarios 156
that can be theoretically and/or pedagogically justified. In this case, a group formation is 157
effective if it can be justified by one or more learning theories. Therefore, group goals, 158
individual goals, learning strategies, learners’ conditions, CL activities, and other variables 159
present in a CL scenario should be in agreement with a specific learning theory to validate the 160
effectiveness of the group formation. In this situation, it is possible to enjoy the benefits that 161
learning theories provide, such as the rationale for the design of CL activities, the possibility 162
to predict educational benefits, and finally, well-succeeded (effective) learning. 163

As shown in Fig. 1, the theoretical approach can be thought of as a higher-level policy that 164
gives pedagogical foundations and better structure to CL, and eventually, can be used jointly 165
with other higher-level policies such as CL techniques (e.g., IGSAW) cited in this section. 166
These higher-level policies have a common lower-level policy (bottom of Fig. 1). Thus, the 167
higher-level policies are used together with lower-level policies to improve collaboration. An 168
example of lower-level policy is to augment the heterogeneity of participants in a group. 169

The possibility of using CL techniques harmoniously together with theoretical 170
approaches is highly desired because each gains benefits from the other. On one hand, 171
the activities described in CL techniques can be supported and better explained through the 172
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Fig. 1 Proposed theoretical approach that can be used together with other approaches to further increase the
benefits of collaborative learning. The “resources” box shows some elements that can be used to support
group formation

use of learning theory. On the other hand, descriptions in learning theories can be more 173
easily carried out through the use of concrete activities from CL techniques. The 174
“symbiosis” between CL techniques and a theoretical approach is possible because both 175
have the same goal, which is to create better conditions for learners to learn collaboratively. 176
One of these conditions, often cited by researchers, is the heterogeneity of participants ina 177
group. The heterogeneity can be thought of in terms of different characteristics such as 178
interests, abilities, academic grades, attitudes, knowledge, and others (Graf and Bekele 179
2006; Resta and Laferriere 2007). The intention of forming groups with heterogeneous 180
participants is what we call lower-level policy. Random selection of learners and learner 181
self-selection are two examples of non-desirable policies commonly used in classrooms to 182
increase heterogeneity. Such approaches provide many unsuccessful collaborative learning 183
sessions (Fiechtner and Davis 1985; Barkley et al. 2005). Thus, to ensure the adequate 184
heterogeneity of participants and a better CL session, the research community has been 185
developing a variety of technologies and using different supportive information (left of 186
Fig. 1) obtained from the environment and from learners to increase the use and success of 187
higher-level policies in proposing better CL experiences. 188

Theory-driven group formation 189

Many learning theories contribute to in-depth understanding and support of CL (e.g., LPP 190
(Lave and Wenger 1991)). By selecting an adequate theory, we can provide the rationale 191
justifying that the suggested group formation can help learners achieve learning goals. One 192
could disagree that it is possible to support or enhance effective group formation by using 193
learning theories. The authors are aware that theories have flaws and are not “watertight.” 194
However, learning theories can provide some essential conditions in which learners are able 195
to learn more effectively. By explaining the learning process, besides trying to explain what 196
happens inside of a learner, a learning theory also gives, either explicitly or implicitly, the 197
context in which learning activities have been taking place, the target knowledge/skill that 198
has been tackled, and the roles played by learners. An example of such a claim can be 199
observed in sentences quoted from Collins (1991) when explaining the theory of Cognitive 200
Apprenticeship: “...cognitive apprenticeship employ the paradigm of apprenticeship, but 201
with emphasis on cognitive, rather than physical skills ...” In this theory, the author applies 202
“... the notion of learning knowledge and skills in context that reflect the way the 203
knowledge will be useful in real life. It is the sine qua non of apprenticeship, but it should 204
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be thought of in the most general way. In the context of math skills, they might be taught in 205
contexts ranging from running a bank or shopping in a grocery store to inventing new 206
theorems or finding new proofs.” 207
In these quotes, it is possible to grasp some basic ideas described in Cognitive 208
Apprenticeship theory. First, this theory can somewhat support the development of skills, 209
more precisely, cognitive skills; and second, this theory requires that the context of learning 210
activities should incorporate situations from everyday life, more precisely, situations that are 211
familiar to those who are using the activities and which reflect the real-world uses of the skills. 212
Another possible point of disagreement is that the use of learning theories to adopt some 213
regulations® could harm the CL process. However, according to Dillenbourg (2002) and 214
Strijbos and Fischer (2007), effectiveness of CL relies on how well we understand the multiple 215
factors that influence group interactions and use such understanding to prescribe appropriated 216
learning groups and scenarios that facilitate meaningful interactions among learners. From 217
such an observation, the use of theories as guidelines can increase the effectiveness of CL. 218
There are many benefits in deploying learning theories to support CL. However, to selectan 219
appropriate theory for a specific situation is a difficult and time-consuming task. One of the 220
reasons is the difficulty in understanding the theories because of their complexity and 221
ambiguity. Each theory has different points of view, levels of aggregation, perspective, and 222
emphasis. Furthermore, they are often written in natural language and there is no common 223
vocabulary to describe their characteristics. This difficulty is well observed by Hayashi et al. 224
(2006) in their work to build a framework® to support the adequate use of instructional and 225
learning theories for individual learning. Therefore, to allow the rational use of theories to 226
support CL, we must establish a common conceptual infrastructure on which we can clarify, 227
at least partially, what CL is and how learning theories can facilitate the identification of a 228
well thought out group structure. 229
Ontologies have shown significant results in representing educational theories and using 230
them effectively (Psyche et al. 2005; Hayashi et al. 2006). In CSCL, one of the pioneering 231
works in using ontologies to establish a system of concepts that models CL, with theoretical 232
support, was presented by Inaba et al. (2000). This ontology is referred to as Collaborative 233
Learning Ontology (CL ontology). Since this initial work, many steps have been taken to 234
improve this ontology and facilitate its use to support the development of ontology-aware 235
systems for CL (Inaba et al. 2003, 2004; Isotani and Mizoguchi 2006). 236 Q2
An analysis of the CL ontology presented in the book written by Devedzic (2000) indicates 237
that it can be quite useful to support CL in Semantic Web-based educational systems by 238
offering: (a) a general framework and vocabulary to describe CL scenarios based on theories; 239
(b) standard vocabulary and knowledge that can be used by pedagogical agents facilitating the 240
communication and negotiation among them; (c) clarification of the behavior and roles for 241
learners; and (d) specification of conditions to be met so intelligent systems can shift from 242
individual learning to collaborative learning in the appropriate time and/or situation, besides 243
assigning adequate roles to each learner based on learners’ information. Some interesting 244
examples that show the usefulness of this ontology are presented by Barros et al. (2002), 245
Inaba et al. (2002), and Isotani and Mizoguchi (2007). Nevertheless, previous achievements 246
have some room for improvement. It is especially difficult to propose group formation in 247
compliance with theories. To overcome such a limitation, we have been working to clarify the 248
concepts extracted from theories and to promote the adequate use of these concepts. In the 249

% Such a scheme should be understood as a suggestion to improve the quality of CL and not as imposed
rules.

3 More information about this framework can be found in http://edont.qee.jp/omnibus/

@ Springer


http://edont.qee.jp/omnibus/

A UT H O Rl S PROO F JmnliD 11412_ArtID 9072_Proof# 1 - 15/08/2009

Computer-Supported Collaborative Learning

next session, we present some of these concepts and explain how they can be used for 250
effective group formation. 251

Toward an ontology-aware cscl system with theoretical support 252

Our work uses ontologies as a common conceptual infrastructure in which learning theories 253
and CL are described explicitly and formally. As discussed previously, we aim to enable 254
theory-driven group formation that offers guiding principles that link the design of CL 255
activities with the analysis of interaction processes. This approach allows us to identify 256
intended goals, roles, and strategies for a group and its members during the design process. 257
Then, we can more easily analyze individuals’ and groups’ interactions to identify whether 258
the proposed interactions were carried out successfully or not and whether learners attained 259
the expected benefits or not. Finally, with a strong analysis of interactions, it is possible to 260
acquire knowledge about learners and propose a better group formation afterward (Fig. 2). 261

The framework proposed in Fig. 2 is the ideal flow to offer a better learner-centered and 262
theoretically valid CL session. Usually, related research initiates the design of CL activities 263
before selecting learners or forming groups. This approach facilitates the work of designing 264
general CL activities that can be applied in different situations with different learners. 265
Nevertheless, our approach using ontologies already contains the theoretical knowledge that 266
offers the basis for CL design. Thus, in our framework it is possible to focus on forming 267
groups and then use different information (left of Fig. 1) to design specific CL activities to 268
support CL scenarios which can help a group of learners achieve their goals. Furthermore, 269
each component of this framework (group formation, CL design, interaction analysis, and 270
use of meaning results) can be developed fairly independently of each other. This flexibility 271
comes from the fact that all components share the same ontology, and therefore, can follow 272

Sequence of activities

Groups

+

—

) ‘nstructor
=

__;)
Ontology-aware

support system @

Learners

Fig. 2 A full view of the total system of the theory-based group formation and analysis
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the same structure of variables, inputs, and outputs. Before the establishment of this 273
framework, previous works in our research group had developed various systems to support 274
CL using ontologies as shown in Inaba et al. (2000, 2002). 275

Ontology for group formation 276

To identify the concepts to develop an ontology that supports CL, we need to select 277
appropriate information to propose a principled group formation that creates favorable 278
conditions for learners to perform CL activities and helps instructors to more easily estimate 279
the benefits of a CL session. To accomplish that, we interpreted learning theories from a 280
purpose-specific viewpoint to extract useful information which enables (a) group formation 281
with role assignment, and (b) the specification of interaction flows to facilitate the design of 282
collaborative learning activities. Note that we did not try to do a generic representation of 283
the theories. To prioritize the concepts that should be represented in our ontology, we 284
focused on concepts related to the designing of learning scenarios that have higher impact 285
on changes in the learner’s stage of learning. Specifically, we focus on such concepts that 286
allow for a system to answer the following questions based on theoretical support: 287

—  What learners can/should participate in the collaboration? 288

Some theories require from learners a high degree of knowledge or skill to accomplish 289
some tasks (e.g., distributed cognition). Other theories are specialized to help less- 290
knowledgeable learners. To identify which learners have the potential to get more benefits 291
from a specific theory, our ontology represents the stages of learners’ development in terms 292
of knowledge and skills and connect these stages with other concepts such as roles and 293
interactions. More detailed discussion about how we represented knowledge/skills is 294
presented in section “Main Concepts for Group Formation.” 295

*  What goals they have? 296

Our ontology intends to be domain independent. Therefore, individual learning goals are 297
represented as changes in the learning stages rather than understanding particular domain 298
concepts. Also group goals are domain independent as well. 299

e What roles they play? 300

Each theory we analyzed describes roles for learners in a specific CL scenario. Some 301
theories name each role (e.g., Peer Tutoring) and others do not (e.g., Cognitive Flexibility). 302
In our ontology, we named each role and we try to extract from the theories the 303
prerequisites (in terms of knowledge/skills) necessary to play the role and the benefits for 304
playing the role to each player. 305

*  What tools they can use? 306

The learning materials (or learning objects) are especially important to select adequate 307
activities for learners and support CSCL activities. This concept is presented in our 308
ontology and is linked with the interaction processes. 309

*  What actions/interactions/activities they can/should do? 310

One of the main components of CL is the interaction and interaction processes. Each theory 311
proposes different interaction processes to achieve a determined learning goal. Then, our 312
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ontology tries to capture such differences and represent them in concepts such as learning 313
strategies and interaction patterns. 314
315

Other concepts (e.g., students’ behavior and learning styles) were also defined in our CL 316
Ontology. However, this ontology is not complete. Some of the concepts that we still need 317
to represent are: (a) concepts related to learning assessment within a theory, (b) concepts 318
related to the external environment (a CL session can be conducted anywhere), and (¢c) 319
concepts related to teachers’ behavior and strategies to support CL. 320

Overview of the CL ontology 321

The CL Ontology is a complex ontology aimed at building a sophisticated system of concepts 322
through a survey of existing learning theories (Inaba et al. 2000). In this initial overview, we 323
explain some concepts of the CL ontology developed to date. In the following subsection, we 324
concentrate on giving more details about three concepts that are essential for group formation. 325

Collaborative Learning has proven an effective learning method, and sometimes it 326
offers more benefits and advantages than individual learning (Barkley et al. 2005). In 327
CL sessions, learners are encouraged to interact by asking questions, explaining and 328
justifying their opinions, articulating their reasoning, and elaborating and reflecting upon 329
their knowledge, besides many other forms of social interaction (Soller 2001). In fact, 330
educational benefits attained by learners during the CL process depend mainly on 331
interactions. Suthers et al. (2007) emphasize that learning is an “interactional process of 332
change.” Learners interact in an attempt to make sense of a situation, and thus, learn 333
(meaning making). In a collaborative environment, learners rely on interactions that are 334
strongly influenced by the characteristics of the learning groups. Therefore, how the 335
gathering of learners takes place is critical to ensure educational benefit. In other words, 336
to attain a learning goal, learners need to interact in a certain way. As we discussed 337
previously, learning theories describe, sometimes implicitly, this way of interaction and 338
its expected benefits when performed in an adequate scenario. 339

The CL ontology offers a framework to describe the concepts extracted from theories 340
that are essential for a successful interaction among learners. To describe these concepts, let 341

us introduce some concepts and their specific terminologies used in the CL ontology: 342
I: Person in focus. 343
You or Y: Any participant of the group expected to interact with 1. 344

I-goal: Individual goal. It represents what a learner is expected to acquire, described asa 345
change of a learner’s knowledge/cognitive state. It is good to note that it is not 346
necessary to have a You-goal, because when we focus on the You participant, he/ 347
she became the new person in focus (/). 348

I-role: Role played by the person in focus. 349

You-role: Role played by the participant who is interaction with the person in focus. 350

Y<=I-goal: Learning Strategy. It represents the strategy used by / (learner in focus) to 351

interact with You (another learner) in order to achieve the /-goal. 352
W(L)-goal: Common learning goal for members of the group (group goal). 353
W(A)-goal*: Goal of the rational arrangement of the group’s activity used to achieve the 354

W(L)-goals and I-goals. It characterizes the CL process according to a 355
specific theory. 356

4 W(A)-goal: W stands for the Whole-group and A stands for Arrangement.
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Using this terminology, the CL ontology describes for a specific situation the reason of the 357
interactions among learners in terms of individuals and group goals as shown in Fig. 3(a) 358
(Inaba and Mizoguchi 2004). This figure represents the learning goals of a group with three 359
learners LA, LB, and LC. Each of these learners has an individual goal (I-goal) described as 360
I-goal(LA), I-goal(LB), and I-goal(LC), respectively. Concerning interactions among learners, 361
from the point of view of LA, he/she will play a role to interact with LB using the strategy = 362
Y<=I-goal(LB<=LA) in order to attain his/her /-goal(LA). From the point of view of LB he/ 363
she will play a role to interact with LA using the strategy Y<=1I-goal(LA<=LB) to attain his/ 364
her I-goal(LB). There also the point of view of LC when he/she interacts with LA or LB, and 365
so on. Besides the representation of individual goals, there are the group goals. The goal of 366
the whole group is represented by W(L)-goal(LA, LB, LC) and W(A4)-goal(LA, LB, LC). 367
Furthermore, it is useful to represent the goals of a specific cluster of learners who belongs to 368
a bigger group (a small group inside of bigger group). In Fig. 3(a), the group goals of a small 369
group that contains the learners LA and LB as W(L)-goal (LA, LB) and W(A4)-goal(LA,LB) 370
are represented . Figure 3(b) shows a simple example of the instantiation of the presented 371
concepts to describe a group based on two different theories: Cognitive apprenticeship by 372
Collins (1991) and Observational theory (Bandura 1971). 373

Figure 3 tries to provide a succinct and comprehensive illustration of some concepts 374
included in the CL ontology. Note that /W(4)-goal cannot be illustrated as a simple sentence 375
as the other concepts, because this concept is the rational composition of other concepts. 376
Besides that, the Y<=/-goal is simply a label without much meaning in the figure. The real 377
semantics and relations of the concepts are represented in our ontology as a system of 378
concepts. In the next section, we detail these concepts and how they are organized and 379
represented in the CL ontology to realize theory-driven group formation. 380

Main concepts for group formation 381

This section presents three key concepts, extracted from theories, necessary to understand 382
how groups are formed using our ontology: learning goal (individual and group goals), 383
role, and instructional-learning event. 384

Our working hypothesis for building a comprehensive ontology and defining 385
individual learning goals is that every theory rests somehow on a common basis to 386
explain learning (and instruction). While the assumed mechanism of developing 387
knowledge/skills is different from each paradigm or theory (e.g., behaviorism, 388
cognitivism, and constructivism), the idea of states and stages in the learning process 389

. Learning by
Leammg by _ guiding
‘dppremlCESl}lP ! Spreading of a skill
v ! W(A)-goal({L,Lg})

Y<=I -goal(L,<=Ly)
! \
prc6llicé‘ / Magter

Y<=I-goal (Lyg=Ly) | W(L)-goal({L,Ly})
\

Development of
W(A)-goal({L,Ls})

cognitive skills
(rough-cognitive stage)

Development of
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Fig. 3 In a we present some concepts and terminologies used in the CL ontology and in b an example of the
instantiation of these concepts
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is common. According to Ertmer and Newby (1993), although instructional/learning
theories have unique features and different points of view, they describe the same
phenomena of “learning.” Thus, it is possible to have an engineering approximation of
the states/stages where we can conceptualize “Learning” as changes in the learner’s state/
stage of development (Hayashi et al. 2006). These changes can occur in an individual
learning environment or in more social environment (group learning).

Following such an observation, the authors adopted the theory of knowledge acquisition
proposed by Rumelhart and Norman (1978) and the theory of skills development proposed by
Anderson (1982) to describe individual learning goals that are domain independent. Both
theories are used to give a common background to describe learning as changes in the
learner’s stage, regardless of whether these changes occur in individual or social environment.
According to Rumelhart and Norman (1978), Anderson (1982), and Inaba et al. (2000),
although there is a variety of learning goals, the process of a learner’s growth can be described
in terms of the stages of knowledge acquisition and skill development (Table 1). Thus,
concerning individual goals, the CL ontology succinctly describes the learner’s knowledge
acquisition process and skill development process by adopting the stages and vocabulary used
by these theories.

The process of acquiring specific knowledge includes three stages of learning: accretion,
tuning, and restructuring (Rumelhart and Norman 1978). Accretion is adding and
interpreting new information in terms of pre-existing knowledge. Tuning is understanding
knowledge through its application in a specific situation. Restructuring is considering the
relationships of acquired knowledge and rebuilding the existing knowledge structure.

Considering the development of skills, there are also three stages of development: the
cognitive stage (rough and explanatory), the associative stage, and the autonomous stage
(Anderson 1982). The cognitive stage involves an initial encoding of a target skill that
allows the learner to present the desired behavior or, at least, some crude approximation.
The associative stage is the improvement of the desired skill through practice. In this stage,
mistakes presented initially are gradually detected and eliminated. The autonomous stage
is the gradual and continued improvement of the skill. In this stage, the learner can
accurately and quickly perform the desired behavior.

Further, s(x,y) is the simplified form that represents the actual stage of the learner: x
represents the current stage of skill development and y represents the current stage of
knowledge acquisition. For instance, s(0, 1) illustrates that the stage of skill development is
nothing and the stage of knowledge acquisition is accretion.

Concerning the description of group goals in the CL ontology (W(L)-goal), there are four
types: knowledge sharing, creating a solution, spreading of a skill, and knowledge building
(or knowledge transmission). These goals were extracted from some of the theories we have

Table 1 Stages of learning development (Inaba et al. 2000)

Individual goals (I-goal) Stages of development Abbreviation Sources

Nothing s(x, 0), x=0..4

Acquisition of Content-Specific Accretion s(x, 1), x=1.4 (Rumelhart &

Knowledge Tuning s(x, 2), x=1..4 Norman, 1978)
Restructuring s(x, 3), x=1..4

Development of Skill

Some Types Nothing s(0,y), y=0..3

- Cognitive Skills Rough-Cognitive s(1,y), y=0..3 (Anderson

- Meta-cognitive Skills Explanatory-Cognitive s(2,y), y=0.3 1982)

- Skill for Self-expression Associative s(3,y), y=0..3

Autonomous s(4,y), y=0..3
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analyzed. For example, the Cognitive Flexibility theory supports the sharing of knowledge, 427
and the Cognitive Apprenticeship theory supports the spread of skills. 428

One of the main factors that affect learners’ interactions and, consequently, the achievement 429
of individual/group goals is the role played by learners. A role provides pedagogical support 430
stating functions, goals, duties, and responsibilities that guide learner’s behavior and tend to 431
increase group stability, satisfaction, and communication (Strijbos and Fischer 2007). For 432
example, the role of “Tutor” offers educational benefits for a learner who has knowledge 433
about the content, but does not have much experience in using such knowledge. It is because 434
this learner has to explain the content using his or her own words in order to teach and, 435
consequently, obtain a better understanding about it. However, the same role does not bring as 436
much benefit for a learner who already understands the content well and teaches it often. 437
Therefore, we need to know what roles a learner can play in order to support effective group 438
formation. To identify who can play a role and who is appropriate for it, the CL ontology 439
defines the learner’s behavior needed to collaborate and two types of prerequisites: necessary 440
conditions and desired conditions. As the names suggest, the necessary conditions are those 441
essential for role play. In other words, if a learner does not fulfill these conditions, he/she cannot 442
play the role, and the desired conditions are those that a learner should satisfy to obtain the full 443
benefits. In other words, if a learner does not fulfill these conditions, he/she can play the role, 444
but the expected educational benefits might not be obtained. Currently, the CL ontology 445
represents 13 roles, their behavior, pre-requisites, and possible benefits for the player, extracted 446
from eight different theories as shown in Table 2 (Inaba and Mizoguchi 2004). In the Column 447
“pre-requisites” the sentences starting with “*”” are the necessary conditions for playing a role, 448
and the sentences starting with “-” are the desired conditions to play the role. 449

To play a role satisfactorily, a learner needs the adequate context. In this research, the 450
context is extracted from each analyzed theory which defines the foundations for effective 451
interaction among learners. From the group formation perspective, this work concentrates 452
on explaining two aspects of such theory-based context: the learning strategy and the CL 453
process, with emphasis on interaction patterns. To express these concepts and their relation 454
with the concepts presented in the previous section, in Fig. 4 we show an updated version 455
of our ontological structure developed to date. 456

The CL session concept, which is a CL session with theoretical support, consists of two 457
main parts: the learning strategy and the CL process. As we discussed briefly in the 458
previous section, a learning strategy (Y<=1I-goal) is the form used by a learner to interact 459
with other learners to obtain the desired benefit. Because of that, this concept is intrinsically 460
dependent on the roles played by learners during collaboration and the desired goals of the 461
learner who uses the strategy. Figure 4(a) shows the ontological definition of Y<=/-goal. In 462
this figure, I-role is played by the main learner (the one who uses the strategy); You-role is 463
played by a supporter learner who interacts with the main learner; I-goal(I) is an individual 464
goal that can be attained by the main learner through the use of the strategy; and finally, the 465
term Role Holder’ in our ontology refers to a set of learners who can play the specific role 466
in the context determined by Y<=I-goal. 467

Using the structure of Y<=I-goal we can represent, for instance, a configuration of a CL 468
session based on the Cognitive Apprenticeship theory where a learner interacts with other 469
learners to guide them during the resolution of a problem. As shown in Fig. 3(b), from the 470
point of view of the learner who guides, he/she is using the learning strategy (Y<=I-goal) 471
called “learning by guiding”; his role (I-role) is known as the “master role,” the role of the 472

5 The Role Holder concept is a very deep concept to treat roles adequately in ontologies. Further information
about the definition of this concept can be found in (Mizoguchi et al. 2007).
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learner who receives the guidance (You-role) is known as an “apprentice role,” and his’her 473
individual goals (/-goal) are to acquire cognitive and metacognitive skills at the 474
autonomous level. Furthermore, using the relation between learners and roles, shown in 475
Fig. 4(b), it is possible to check whether learners have the necessary and desired conditions 476
to play the role, and thus, to identify who has better chances to play the role successfully. In 477
Fig. 5, we show an excerpt of the CL ontology representing part of the configuration of the 478
CL session based on the Cognitive Apprenticeship theory. Note that the points of view of 479
those who are guiding and for those who are apprenticing are represented. 480

The next concept needing further explanation is the CL process (W(4)-goal). This 481
concept specifies the goals of the group activity (W(L)-goal) and the rational sequence of 482
interactions (interaction pattern) provided by theories that support the achievement of 483
individual and group goals. Previously, we presented the concept of W(L)-goal and its types 484
(knowledge sharing, creating a solution, spreading of a skill, and knowledge building). 485
Following are the details of the concept of interaction patterns. 486

The essence of CL is the interactions among learners. Recently, the CL community has been 487
putting great efforts to offer support for meaningful interactions. The development of CSCL 488
scripts is one of these efforts. These scripts are guidelines to give structure to CL activities that 489
previously were performed freely producing deficient interactions (Dillenbourg 2002; Miao et 490
al. 2005). To use and to share these scripts adequately, it is necessary to have a common 491
vocabulary. Furthermore, to create a script based on pedagogical/theoretical models, 492
instructors and teachers must be aware of the characteristics of theories/pedagogies and able 493
to represent those characteristics explicitly in terms of the vocabulary. 494

To support both, common vocabulary and explicit representation of interactions, the CL 495
ontology provides the interaction patterns (Inaba et al. 2002; Isotani and Mizoguchi 2006). 496
These patterns formally describe the flow of the interactions, which specify how group 497
interactions should occur according to a specific learning theory. For example, in Cognitive 498
Apprenticeship theory, initially a master interacts with an apprentice to show the context ofa 499
problem; following, the master interacts to demonstrate how to solve the problem in the 500
specific context; and finally, by monitoring and coaching, the master supports the 501
development of the apprentice. This portion of the interaction pattern of Cognitive 502
Apprenticeship theory is justified in the work of Collins (1991), which explains that learning 503
has more chances to occur if it is presented in a specific context, providing in-context 504
examples of correct solutions (or behaviors), and with support of a more knowledgeable 505
partner. It is worth noting that a learning theory does not necessarily have one interaction 506
pattern. Rather, a theory can have many patterns according to different authors which 507
emphasize different aspects of the theory to achieve different (or even the same) educational 508
benefits. In such cases, ontologies provide the common vocabulary and the framework to 509
describe these patterns explicitly and without ambiguity. 510

In CL ontology, interaction patterns are composed of necessary and complementary 511
interaction activities as shown in Fig. 4(d). The interaction activities are represented by 512
influential 1 L events, which is the abbreviation for influential instructional-learning event. 513
A similar structure for individual learning was presented by Hayashi et al. (2006). Each / L 514
event is composed of both an instructional event and a learning event. These two events are 515
composed by an actor of an action, the action, and the benefits of this action to the actor 516
(Fig. 4¢). The actor of an action is the Role Holder, which means that an actor can only bea 517
learner who plays a specific role in the CL process (e.g., master and apprentice). An actor 518
can act as an instructor (learner doing an instructional action) or as a learner (learner doing 519
a learning action), and through the interaction among actors, the attainment of educational 520
benefits occurs. This formalization in the CL ontology allows explicit representation of the 521
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process, in terms of actions and reactions among learners which facilitate the educational 525
benefits of each action. 526

Note that the I L events are fundamental to link group formation, CL design, and 527
interaction analysis as shown in Fig. 2. Once a group is formed according to a theory, we 528
can use the I L events (interaction patterns) to identify the best sequence of activities for the 529
group following the same theory; and finally, we can analyze the real actions of each 530
learner and compare them with the expected actions defined in the / L events. Thus, if 531
learning does not occur as expected, it is possible to pinpoint the deficient interactions and 532
propose a solution to solve it. 533

A group formation method 534

Subsequently, the question becomes how to use the CL ontology developed to date to form 535
groups. First of all, the ontology is used as a common vocabulary to set up the CL session. 536
After that, we use the relationship among concepts to identify the best group formation that 537
satisfies the session requirements. 538

A conventional method for group formation is, first, select a group goal and a basic 539
structure (based on learning theories, best practices, or CSCL scripts) to design 540
collaborative tasks/scenarios and then assign real learners to the various roles and groups. 541
This practice can be easily used in face-to-face classrooms and it is often used together with 542
CSCL scripts (Kobbe et al. 2007). To support this method, the CL ontology explicitly 543
shows for each analyzed theory the common goal of individuals within a group (group 544
goal). With the linked information presented in the ontology, it is also possible to utilize 545
interaction patterns to help instructors in designing goal-oriented collaborative activities. 546
Finally, if the instructor can gather information of students, he/she can use the ontology to 547
assign roles for each learner in a systematic manner. 548

Although this method has been used effectively in a variety of contexts, other interesting 549
approaches for group formation which use users’ information more efficiently can be 550
sought. Therefore, an alternative method that we want to explore in this paper consists of, 551
first, understand students’ needs (individual goals); then select a theory (and also group 552
goals) to form a group; and finally design activities that satisfy the needs of all students ina 553
group. Our main hypothesis is that by having students’ information beforehand, we can 554
better understand students’ needs. We can thereby increase the benefits of collaboration by 555
grouping students who can support one another and propose more personalized CL 556
activities, which help them to achieve their goals as individuals and as a group. 557

These two methods complement each other. Therefore, depending on the situation, an 558
instructor can opt for one of them. The first method that will be referred to as group- 559
individual orientation method does not require prior knowledge of students and helps 560
instructors to adopt and implement group learning in classroom and e-learning environ- 561
ments. The other method will be referred to as the individual-group orientation method. It 562
requires students’ information beforehand to adapt group formation and CL activities. With 563
more personalized activities for each group/student, we can facilitate the achievement of 564
individual goals as well as group goals. The CL Ontology can be used to help instructors to 565
decide which method is the best for a specific situation. Table 3 shows some pros and cons 566
of each method. 567

To propose a group formation using the individual-group orientation method, it is 568
necessary to understand students’ needs and then use this information adequately to form 569
groups. Therefore, using the concepts in the CL ontology, we divide the process of group 570
formation in two phases: planning (getting information) and grouping (forming groups). 571
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Table 3 Pros and Cons of two methods for group formation

Group-individual orientation

Individual-group orientation

Pros

- Does not require prior knowledge of participants.

- Easy to be adopted and implemented in classroom
or e-learning environments.

- Any learner can join a group and roles can be
assigned by participants or teachers.

- Well-known approach can be used in CSCL scripts.

- Easy to apply the same activity for all groups

Pros

- Groups and activities are personalized to fulfill the
needs of each participant.

- Appropriate roles are assigned according to
participants’ conditions.

- Group goals are defined according to its members
and not “imposed” based on preconceptions.

- Only learners who can potentially contribute to the
others (and vice versa) can join a group.

- Thanks to the above, a convincing interaction

and participants. specification appropriate for the learning goal
can be specified for each learner and hence,

an appropriate group can be formed.
Cons Cons

- Group formation and role assignment are not
adopted to consider the conditions of each learner.

- To adequately assign roles, it requires prior
knowledge of participants’ behaviors and stage
of knowledge/skills.

- Learners who are not suitable to play any role in
a specific scenario cannot join the CL process.

- Group goals are defined prior to group formation.
Therefore, these goals may not be appropriate
for all groups and learners.

- Learners who may harm collaborative learning
processes of other learners are not treated
adequately.

- CL activities might be different for each formed
group requiring the use of semantically enabled
environments to track students’ interactions
within a context.

After collaboration, learners may not achieve their
individual goals because collaborative learning
activities were not design to support them.

To set up a CL session (planning phase), first, it is necessary to determine what the target
individuals have done in the past (experience) and what they can do now (initial levels of
knowledge/skills). In this phase, it is possible to identify, for example, the necessities of
individuals and which roles they are able to play. An assessment of the content-worth
learning and/or the content needed to be learned should follow. The content should be
divided into knowledge to be acquired and skills to be developed. The relationships among
knowledge-knowledge, knowledge-skill and skill-skill should also be identified. Finally,
select the educational goals expected to be achieved by individuals and/or by the entire
group for the specific content. The initial levels of knowledge/skills and the educational
goals of each individual should be stated in terms of stages of learning development s(x, y)
as indicated in Table 1. A more detailed specification of this process is presented by Isotani
and Mizoguchi (2008). Furthermore, each step of the planning phase can be completed, at
least partially, by following some instructional design strategies published by many
different researchers. Some of these strategies and well-known researchers in the field of
instructional design can be found in Romiszowski’s book (1981).

By using the CL ontology presented in Fig. 4, the collected information can be used
appropriately to form groups (grouping phase). Observe that we have many possibilities to
form a group using our ontology. Let us explore one strategy concerning individual goals. In
this case, the ontology helps identify conditions where learners can achieve their individual
goals by performing CL activities. First, by looking in the I-goal slot (Fig. 4a) of the ontology,
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we can identify which CL session, supported by a specific theory, can help learners achieve 592
their goals. If we cannot find a session, it means that the theories represented in our ontology 593
cannot help the improvement of the specific learning goal. However, usually there is more 594
than one theory that can help learners achieve their goals. Each theory-based CL session in 595
our ontology provides the settings that the CL activities should conform with. To join a 596
session, a learner needs to satisfy the conditions to play a specific role and to follow a 597
strategy, (Fig. 4b) along with other specific conditions prescribed or described by theories. If 598
a learner does not satisfy the conditions of the session, then he/she cannot get the full benefits 599
prescribed by it, or worse, it could harm the CL process. A session also provides the CL 600
process that clarifies the common goal of a group and the interaction patterns (sequence of CL 601
activities) that can be followed by learners to obtain the desired individual and group goals 602
(Fig. 4c). In previous works, we have shown how to design CL activities using this ontology. 603
A simple pseudo-algorithm to exemplify the use of the CL ontology to form groups 604
considering only individual goals is shown in Table 4. The main goal of this pseudo- 605
algorithm is to use the individual goals available in the learner profiles to find a set of learners 606
that does not violate any necessary condition described in the CL ontology. This means that 607
we try to divide a given set of learners into several groups obtaining a portion of the learners 608
that satisfies a set of conditions. This portion does not necessarily cover all learners, but 609
instead, creates groups where all learners in a given group can attain their individual goals, 610
and the conditions of the groups (e.g., roles) are in agreement with a specific theory. This 611
pseudo-algorithm is just one simple alternative for using the information contained in the CL 612
ontology. More Algorithm using agent technologies, Web services, and other new 613

technologies can be applied to provide a better use of this ontology. 614

In summary, the pseudo-algorithm showed in Table 4 can be described in narrative as 615
follows: 616
* Planning Phase—Set up a CL session: 617

1.1. To determine what the target individuals have done in the past (experience) and 618
what they can do now (initial levels of knowledge/skills). This step aims to identify 619
the needs of individuals and the roles they are able to play. 620
1.2. Assess the content worth learning and/or the content which needs to be learned. The 621
content should be divided into: knowledge to be acquired, and skills to be 622
developed. The relationships between knowledge-knowledge, knowledge-skill, and 623

skill-skill should also be identified. 624
1.3. Elect the learning goals which are expected to be achieved by individuals, and/or by 625
the entire group for the specific content. 626

1.4. State the initial levels of knowledge/skills and the learning goals of each individual 627
in terms of the stages of learning development s(x,y) as indicated in Table 1. Each 628
step described above can be completed (at least partially) by following certain 629
instructional design strategies. Some of them can be found in the work of 630

Romiszowski (1981). 631

632

* Grouping Phase—Forming the Groups: 633
634

There are many possibilities when forming a group. Let us explore one way related to 635
individual goals. 636

2.1.  Match the individuals’ goals with a CL session by looking at the /-goal. If no match 637
is found, it means that the theories represented in our ontology cannot help to 638
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Table 4 A pseudo-algorithm for group formation considering only individual goals

//Goal: use individual goals in the learner profiles to form groups that do not violate any necessary condition
//described in the CL ontology

Setup_CLSession(); //create a list of learners and
/finitiate the learner profiles (e.g., identifying individual goals and learners’ conditions)
/Isetup the environment (e.g., content to be learned, materials available, map the domain
/lcontent in the CL ontology, etc.)

Effective_Groups_for_I-goals(learner L, CL_ontology CLO)
//given a list of learners form groups based of theories that satisfies the individual goals
//all information of the learner profiles should be accessible from the variable L
For each learner L do
For each theory T in the CLontology do
For each Strategy ST in 7 do
L.I-goal //Individual goal of the learner L obtained from the leaner profile
ST.I-goal //Benefits for an individual when using the strategy ST
If L.I-goal = ST.I-goal then //match individual goals with strategies that help to achieve them
L.conditions /lactual condition (e.g., knowledge/skill) of a learner
ST.requirements //necessary requirements to play any role in a given strategy ST
If canPlayRole(L.conditions, ST.requirements) then
If sessionsList.existCLSession(T) then //if there is a CL session using this theory
CLI < returnCLsession(T)
CL1.add(L, ST) //add learner to an existing CL session
L.effectiveCLsessionsAdd(CL1)  //track how many sessions can be effective for this learner
Else
//create a new session with the specific theory, with one learner playing the role ST
sessionsList.CreateNewSession(T, L, ST)
For each session CL in sessionsList do
For each requirement R in the CLontology do
If CL does not follow the theory requirements in the CLontology then
solveRequirement(CL)
/lexample
;; If a necessary role in CL cannot be played //session cannot be used
;s CL.removeAllLearners() ;
;5 sessionsList.remove(CL);
33 If CL.overloadOfLearners(role) then //overload of learners playing the same role
;> While(CL.overload(role))
33 Lr <= CLiremoveLearnerThatWorstFit();//remove the learners who get less benefits and
/[contribute less for the success of the group work
33 Lr.effectiveCLsessionsRemove(CL);
/land other restrictions
CL.setGroupGoal();
CL.designActivities();
CL.startSession();

For each learner L do
If L.effective CL sessions = @ then
L .mode = individual learning //these learners will not obtain many benefits if work in groups
//then start a individual learning mode for these learners

This table is written using the standard guidelines to write pseudo-codes in computer science. More detailed
information can be obtained on Cormen et al. (2001)

improve the specific goal. However, usually there is more than one session that can
help learners to achieve their goals.

2.2. Check whether learners have the necessary and desired conditions to play a role.
Learners who meet all of the conditions are given a high priority to join the group;
learners with only the necessary conditions have a low priority; and the other learners
cannot join the group, because they could harm the CL process.
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2.3. Set the group goal (common goal); and design CL activities according to the 645
interaction patterns that are described or prescribed by theories. These patterns can be 646
followed by learners in order to obtain the desired individual and group goals. In 647
previous studies, we have shown how to design CL activities using this ontology. 648

Note that, unlike other approaches, the method of group formation using ontologies can 649
provide the rationale for group formation. For each choice made to form a group, the ontology 650
provides pedagogical justifications that explain it. For example, we can support instructors by 651
explaining why some learners should collaborate and why others should not; it is also possible 652
to help them set reasonable goals for learners and for the entire group considering the theoretical 653
point of view, the learners’ preconditions, and the content to be learned; also, we can ask 654
learners to play specific roles in order to produce a more sophisticated collaboration. 655

Another interesting way to address the problem of group formation is to utilize ontologies to 656
propose constraints that need to be satisfied. These constraints can be defined as strong 657
constraints (must be satisfied) or weak constraints (an agent can decide whether this constraint 658
should or should not be satisfied). Mapping the ontological representation to constraints that can 659
be solved by existing engines (provided by Semantic Web technologies) is a straightforward 660
and powerful alternative to hardwired algorithms. An example of an algorithm for group 661
formation using constraints can be found in the work of Ounnas et al. (2008). 662

Experiment 663

With the objective of obtaining information about the impact of forming groups using theory- 664
driven group formation with our ontologies, we designed an experiment as a proof-of-concept. 665
The main goals of the experiment were to gather information and verify (a) whether 666
instructors can use the concepts contained in the ontology adequately, and (b) if the 667
framework of the group formation suggested by the ontology is relevant to the success of the 668
CL session. 669

The study was carried out with two pairs of qualified instructors, each pair from a different 670
institution, and 20 participants who were expected to develop information sharing and self- 671
expression skills. The participants are from seven different countries from Latin America, 672
pursuing different degrees in Japan (e.g., Medicine, Education, Agronomy), between the ages 673
of 18 and 35 years old. All participants are volunteers in a NGO (Non-Governmental 674
Organization) that supports (a) children’s education and (b) international exchange programs 675
that promote cultural understanding. The participants need to learn how to work with people 676
from different countries and with different cultures. Also, they need to improve their skills to 677
present their work concisely and in an understandable manner for a broad audience. We chose 678
such an ill-structured environment for two main reasons: (a) since 2004, these participants have 679
been working together, but have been suffering from many problems in collaborating and 680
sharing information; and (b) in an ill-structured environment, it is easier to identify when asetof 681
changes in the CL settings affects the success of the CL process. We expended about 2 months 682
to complete the whole experiment. 683

The experiment consists of two phases. The first phase is the planning (set up) of the CL 684
session and the second phase was its actual execution. In the first phase, instructors were 685
asked to deal with the group problem using their own methods. After that, they should find 686
an agreement and select or merge some of the created CL sessions. We specifically asked 687
the instructors to give details about the content to be learned by the participants, their 688
choices to form groups, to define individual and group goals, and to create a sequence of 689
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activities (including tools to be used). Next, the same tasks were done using our ontology 690
with methods similar to those proposed in the previous section. 691

Basically, three different tasks (information sharing tasks) were used by instructors: (a) 692
construction of mind map: Each participant has pieces of information (e.g., about their 693
country) and they need to create a complete picture about the situation (e.g., poverty) in each 694
country showing differences and commonalities (e.g., government actions). Finally, they need 695
to come up with a consensus to create a mind map that covers all information discussed by 696
the group; (b) Cultural exchange: Each participant is coupled with another participant from 697
different countries and they have to teach about their cultures, and (c) Exposition: Each 698
participant gives a small presentation about their own work/study/research and others have to 699
summarize what has been presented. The main goal of these activities was to help participants 700
to acquire knowledge and skills to work in multi-cultural and multi-racial environments where 701
communication skills (not language skills) are essential to exchange information adequately. 702

The second phase was the application of the proposed sessions. For each CL session, 703
about half of the participants used the scenario proposed by instructors without support of 704
our ontology (control groups), and the other half used the scenario with ontological support 705
(experimental groups). All groups (experimental and controlled) received the support of 706
instructors while the activities were taking place. For each session, different participants 707
were selected to join the experimental groups according to the necessary requirements 708
described in the ontology. All sessions were recorded and evaluated by both instructors and 709
participants who filled out questionnaires after the sessions. The duration of each activity 710
was about 3 to 6 h plus some intervals of 30 min and each CL session was composed by 711
one or more activities. Finally, regarding the conduction of designed collaborative scenarios 712
we did not use any special computer-based support (e.g., CSCL scripts or IMS-LD 713
engines). In our experiment, instructors act as recommender systems, given individual 714
recommendations for each participant before the CL sessions start. 715

In total, four CL sessions were created. The first one, with the main goal of spreading specific 716
knowledge among participants, was performed in pairs where the more knowledgeable 717
participant should “feach” the content to the less knowledgeable one. Four groups followed a 718
Peer Tutoring based CL session (Endlsey 1980), and six control groups did not have any 719
specific guideline. In the second session, the main goal was to improve skills of self-expression. 720
Five groups were created with four members each. Three experimental groups followed a 721
Cognitive Flexibility based CL session (Spiro et al. 1988) where leamners had to expose their 722
opinions from different perspectives. For the other two control groups, it was advised that 723
learners should expose their opinion during the task, but no restriction was imposed to ensure it. 724
The third and fourth sessions were engaged in mind map constructions, with the main goal of 725
improving cognitive and metacognitive skills, and the skills for self-expression. Four groups 726
were created with five members for each. One group followed the Cognitive Apprenticeship 727
CL session (Collins 1991) with one teacher and four apprentices; another one followed the LPP 728
CL session (Lave and Wenger 1991) with two full participants and three peripheral participants; 729
and the other two were control groups that received support from instructors, yet their 730
interactions were not restricted in any sense. The group that followed Cognitive Apprenticeship 731
theory had activities such as demonstrations and guided tasks. Although the final goals were the 732
same, the group that followed LPP theory had activities such as discussions and exchanging of 733
ideas. In Table 5, we show some interaction between learners and their educational benefits. 734

Regarding the assessment process, during the experiment we work together with the four 735
instructors who performed many tasks to evaluate learners. To check the stage of 736
development (knowledge/skills), instructors evaluated learners by giving: pre-tests, post- 737
tests and questionnaires. Also, they analyzed learners’ interactions/behaviors during the CL 738
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Table 5 Some Interactions and their benefits for two groups based on different theories

Expected benefits (From—To)

Instigating thinking

s(3, 2)—s(4, 2)

s(1, x)—s(2, x); x=0,1,2

Monitoring/Coaching

s(3,2)—s(4,2)

s(1, x)—s(2, x);
s(2, x)—s(3, x); x=0,1,2

Interaction Role A | Role B Learning Theory
Master Apprentice
. s(0, x)—s(1, x); ..
Demonstration s(3,2)—s(4,2) S(L, X)-s(2, X): x=0.1.2 Cognitive
’ N Apprenticeship

(Collins, 1991)

Full Participant

Peripheral participant

Requesting details

s(3, 2)—s(3.3)

s(0,x)—s(1,x); x=0,1,2

Instigating discussion

s(3,2)—s(4,3)

s(1,x)—s(3,x); x=0,1,2

Exchanging information

s(3, 2)—s(4,3)

s(1,x)—s(3,x); x=0,1,2

LPP (Lave &
Wenger, 1991)

sessions and how these interactions affected the final product of the group. Based on these
results, they try to determine the stage of development of each learner. For example, if a
learner gets a bad score in the pre-test, has a poor performance in the group, and gets a bad
score in the post-test, then the instructor could say that such learner does not have any
knowledge or skill s(0,0). In another example, if the learner gets a bad score in the pre-test,
performs fairly in the group, and gets a better score in the post-test, then the instructor could
say that this learner learned some basic concepts and moved from s(0,0) to s(0,1). The
explanation of each stage of learning and some strategies to roughly identify them are
described in the works of Rumelhart and Norman (1978) and Anderson (1982).

Results and discussion

The interface between instructors and ontologies was mediated by one of the authors. The
intention was to capture the necessities of users and to check the usefulness of concepts
represented in our ontologies (and not the usefulness of a particular system built using
ontologies). With the encouraging feedback and data obtained in the experiment, we believe
it is feasible to propose a complete ontology-aware system to support CL as shown in
Fig. 1.

Concerning the first phase (planning), all the instructors agreed that the use of the
ontology was quite helpful in obtaining insight about the group formation and in designing
CL activities. It was discovered that many unconscious choices of instructors, in fact, have
been explicitly represented in our ontology. Furthermore, instructors have considered it
informative and meaningful that the concepts in our ontology were linked with the relevant
theory. Besides this, the theory supports the rationale behind each choice to form a group
and to design CL activities; in some cases, the instructors were able to select the theory they
felt more comfortable working with. Another benefit pointed out by instructors was the
facility to create and to share CL sessions. When each instructor produced their own
sessions/scenarios using their own vocabulary, it was quite difficult to discuss the benefits
of each one in order to find a common agreement and to merge them. One example of such
a problem occurred when producing a CL activity without support (in our case, without
ontological support) and then tried to share this activity with another person. In this session,
the use of a mind mapping tool was previously established. Then, to identify the problems
of spreading information in a determined community and to create a mind map, one pair of
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instructors proposed the following activity: “(a) identify specific problems; and (b) cluster
these problems into more general problems.” The other pair of instructors proposed the
following: “(a) examine the main general problems; and (b) break them into small
components clarifying their relationships.” When the pairs exchanged their proposed
activities, initially, both pairs classified these activities as different ones. However, after a
more careful analysis, they realized the activities had the same goal (what to achieve)
which was to identify the problems and their subproblems in a given topic and show and
identify the correct relationships between them. The main difference between the activities
was how to achieve the goal. The first activity described a bottom-up approach while the
second one described a top-down approach.

According to instructors’ comments, using CL ontology, the activities and sessions they
described were more easily comprehended when they exchanged their created CL activities
and sessions. Furthermore, the ontology was used only as a guideline or basic structure to
help them propose CL sessions with theoretical justification. Thus, the instructors also had
the flexibility of not heavily relying on the theories and adding the characteristics they think
the groups needed in order to work effectively. Our research shows that the use of the
ontology did not restrict instructors’ actions or their creativity. Instead, it helped them to
focus on the main problem and to make efforts in parts where their expertise was required
the most.

A simple, yet prime, example of the CL ontology usage for group formation is evident
from the planning of the first session. In this session, the main goal was to spread
knowledge among participants. Using conditions such as the level of knowledge of the
participants and the desired goal, our ontology suggests that a peer-tutoring-based CL
session could be well applied in this situation. Such a suggestion encouraged instructors to
pair participants of the highest level of the content-specific knowledge (restructuring stage),
the tutors, with participants of the lowest level of the content-specific knowledge (Nothing),
the tutees. These participants correspond to the top and bottom in Table 6, respectively.

However, the ontology suggests that the tutor should mot be those who have the
knowledge in restructuring stage. Instead, the tutors should be those who have knowledge
in the accretion stage, which means they have the necessary knowledge, but do not have
experience in teaching it to others, possibly leading to some misunderstandings (Fig. 6). As
we presented in previous sections, there are at least two reasons for this suggestion based on
theoretical justifications (Endlsey 1980). First, if the tutors already have knowledge in the

Table 6 Level of content specific knowledge of participants in session 1

Member ID Knowledge Member ID Knowledge
20 Restructuring 13 Tuning

7 Restructuring 8 Accretion
3 Restructuring 10 Accretion
4 Restructuring 14 Accretion
5 Tuning 15 Accretion
6 Tuning 11 Accretion
1 Tuning 17 Nothing
18 Tuning 9 Nothing
19 Tuning 2 Nothing
16 Tuning 12 Nothing
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Fig. 6 Conditions for role play in a peer-tutoring-based CL session

restructuring stage, it means that they already understand the content well and have either
been using or teaching it many times. Then, in this case, only the participants playing the
role of tutees will attain some measurable benefits. The second reason for using participants
in the accretion stage as tutors is that they must explain the content to teach or share their
knowledge and, consequently, they (a) can obtain a better understanding about it, (b) can be
aware of possible misunderstandings in their own knowledge, and (c) can solve some of
these misunderstandings by asking for help. Thus, both tutor and tutee can obtain
measurable benefits, increasing the successfulness of the CL session. By receiving such
pedagogically valid advice, the instructors were quite pleased to change their position when
creating groups using the peer-tutoring-based CL session (experimental groups) and groups
paired randomly (control groups). As shown in Table 6, four participants did not have the
desired knowledge. Thus, instructors proposed four experimental groups and six control
groups.

Besides stages of development (knowledge and skills), to form groups, instructors also
considered other information such as: the language spoken by participants (to facilitate self-
expression), educational background (to increase heterogeneity of thoughts), culture
(to increase cultural exchange), previous relationships with other participants (to avoid
meaningless interactions), gender (to avoid groups with only men or women), and intrinsic
behavior of participants. Table 7 shows some information used to form groups in the first
CL session based on Peer Tutoring.

Note that differently from conventional experiments which try to compare individuals
who participated only in control groups or experimental groups, our experiment has a
different objective which is to identify if any participant at any condition (actual and
previous learning history) can join an experimental group and have a better learning

Table 7 Some information used to form groups in a peer-tutoring-based CL session

Member Knowledge Language Educ. Background  Country  Gender Behavior Group

1D ID

8 Accretion  Spanish/Japanese Medicine Paraguay F reflective 1

10 Accretion  Spanish Medicine Peru F Active 2

14 Accretion  Spanish/Portuguese  International trading Colombia M Active 4

15 Accretion  Portuguese Japanese Drum Brazil M Active 3

17 Nothing Portuguese/Japanese Education Brazil F Active 1

9 Nothing Portuguese Acupuncture Brazil F Reflective 3
Nothing Spanish/Japanese Economics Paraguay F Reflective 2

12 Nothing Portuguese Architecture Brazil F Active 4
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experience if compared with his/her peers in control groups. Also, it is possible to compare 827
his/her performance with previous performances when interacting with other learners in a 828
control group setting. Furthermore, to avoid too much interference between CL sessions, in 829
our experiment, each CL session is considered a unique event. Then, each session had its 830
own pre- and post-tests, the interaction analysis considers only the interaction which 831
occurred within a session, students evaluate their partners concerning their participation 832
within a session, and so forth. Roughly the following schema was adopted to form groups 833
and run activities for each session: 834

Start session A: 835

1- Learners’ knowledge/skills for the particular domain and topic are assessed (pre-test). 836
2-  Then, according to the pre-test, participants are assigned to experimental or control ~ 837
groups according to the algorithm proposed in this paper. Experimental groups are 838
requested to follow a specific guideline according to a selected theory, and control 839

groups can work more freely. 840
3-  During collaboration, instructors assess the evolution of experimental and control ~ 841
groups. 842
4- At the end of the session, learners have a post-test. Questionnaires are also filled 843
by participants to evaluate their peers. 844
5-  Then, Instructors re-analyze the interactions of each participant (using recorded videos). 845
6- Finally, an overall evaluation of each group/participant is presented. 846
7-  Groups are “dissolved.” 847
End Session A. 848

For each session, we fixed learners in experimental groups and control groups. 849
Therefore, it was possible to check the development of each participant within each session. 850
When a new session starts we went back to step 1 above. In the new session, the content, 851
skills, and knowledge tackled were different from the previous session and the pre-test was 852
done again. In Table 8, it is shown the distribution of participants in each session. 853

After the members of each group were chosen, instructors used the interaction patterns 854
represented in our ontology to properly propose the sequence of CL activities. As we 855
discussed previously, each interaction pattern is a model of typical interaction processes 856
described in one of the learning theories in the CL ontology. In a learning theory, 857
educational benefits obtained by a learner through interactions are either implicitly or 858
explicitly described. Thus, the interaction patterns have been developed to facilitate specific 859
interaction processes that are recommended by theories to achieve specific learning goals 860
(Inaba et al. 2002, 2003). For example, the first session used the interaction pattern for Peer 861
Tutoring (Endlsey 1980). An illustrative visualization of this pattern is shown to the right of 862
Fig. 7. Solid boxes represent necessary interactions, or those that are essential to attain the 863
desired educational benefits; dotted boxes represent complementary interactions, or those 864
that support the achievement of desired benefits but are not essential. Each of these boxes 865
possesses some events related to it. In the case of Peer Tutoring, we have a Tutor event and 866
a Tutee event. The arrow shows desired transitions between interactions. This pattern is 867
richly represented in CL ontology where the actions of each participant, their benefits, and 868
other information are also explicitly and formally described. A small portion of the CL 869
ontology describing the interaction activities within the colored box is shown to the left of 870
Fig. 7. 871

In the second phase of our experiment, we tried to verify differences between the control ~ 872
groups and the groups formed using our ontology (experimental groups). For each CL 873
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Table 8 Distribution of participants into groups during each session

Session Type Groups and Participants
Exverimental GI.l | Gl2 | GI3 | Gl4
permentat | e mber ID | 8;17 | 10,2 | 15,9 | 14; 12
1
Control Gl5 |Gl6| GI.7 | GI8 | G1.9 | GI.10
Member ID 11;20 | 3;4 | 5;13 18; 6 19,7 16; 1
Exverimental G2.1 G2.2 G2.3
Xpertmental | oy e mber ID | 3;7; 17; 19 | 4; 6; 16 18 | 10; 13; 14; 20
2
Control G24 G25
ontro Member ID 1;5;8;9 2;11;12; 15
Exoerimental G3.1 G322
Xpertme Member ID | 3;13; 15;19;20 | 1;4;10; 11; 14
3
Control G3.3 G3.4
ontro Member ID | 2:8;9; 16; 18 | 5;6; 7;12;17
Exverimental G4.1 G4.2
xperumenta Member ID | 2;4;7,8;9 | 3;11;12;13;18
4
Control G4.3 Ga4
ontro Member ID | 13 6; 14; 17; 19 | 5; 10; 15; 16; 20

session, instructors checked how the participants interacted with each other, the groups’
achievements, and the benefits obtained by individuals, besides other indicators. Although
the number of participants is not statistically significant to make a richer analysis or
stronger conclusions, we have found some interesting results.

First, instructors observed that in the control groups more than half of the scheduled time
of some sessions was filled with meaningless interaction, instead of performing the
necessary activities that would improve the desired skills. Meaningless interactions were
defined by instructors as those that interfere with the good “health” of the group and the
progress of collaboration among group members. Examples of meaningless interactions are:
arguing among members, long discussion without any concrete result, “off-topic”
discussion, abrupt interruption while good collaboration is taking place, excessive
participation (of one member) or lack of it, besides many others. Furthermore, it was
noted that on many occasions, members of experimental groups who had worked well
together in previous sessions could not work together in control groups, harming the CL
process. One explanation is that in the experimental groups, participants who were chosen
adequately (rather than randomly, as it usually happens), had defined roles and could follow
well-structured interaction patterns. As many studies have shown, following these
regulations can decrease the chances of undesirable interactions (Dillenbourg 2002;
Strijbos et al. 2004). In Fig. 8, we show the percentage of meaningful interactions of
both experimental and control groups. In this figure, it is possible to observe that the
experimental groups spent more time in meaningful interaction than the control groups in
all the designed CL sessions.
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From Ontologies to Interaction Patterns

Fig. 7 In the right, an illustration of the interaction pattern for Peer Tutoring. In the left, a small portion of
the CL ontology representing the interactions within the colored box

Another interesting result obtained in our experiment was that in most sessions the
participants in the experimental groups had more improvement, and the performance of the
whole group was better when compared with the control groups. Figure 9 shows the final
scores for each participant given by instructors considering both qualitative (e.g., how the
interactions were performed) and quantitative (e.g., individual and group test scores)
parameters. In the left side of each graph on Fig. 9, we cluster the scores of participants
who joined the experimental group for each session. For example, in the first session, eight
participants joined experimental groups based on Peer Tutoring, and their grades are
presented in the first eight columns of the top-left graph; in the second session, twelve
participants joined the experimental groups based on Cognitive Flexibility, and their grades
are also presented in the first twelve columns of the top-right graph. The same follows for
sessions 3 and 4 (columns 1 to 10). According to the instructors, most of the participants
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Fig. 9 Scores of Participants after each CL session. On the left of each graph you have participants in
experimental groups and on the right participants in control groups. The red lines are the median of
participants’ scores

who joined the experimental groups achieved their individual goals, and the groups performed
more smoothly. As a result, we can observe that the average of the participants in experimental
groups had a better score when compared with the average of participants in control groups. In
each graph, the median of the scores obtained by participants in experimental and control
groups are shown as a red line. It is also worth to observing that in the experimental groups only
2 scores (out of 40), which means 5% of the total, were lower than the borderline (value 6) and
in the control groups we have 18 scores below the borderline, which means 45% of the total.
Furthermore, in the experimental groups 25% of the scores were equal to or above 9, and in the
control groups only 5%. Finally, the average score, considering all sessions in the experimental
groups, was 7.9, with standard deviation (o) equal to 1.38, while in control groups it was 5.7,
with standard deviation equal to 1.80. Although the number of subjects is not statistically
significant, this experiment can be used as proof-of-concept to demonstrate the feasibility of our
framework. In this situation, these results suggest that our group formation methodology might
have some good impact on learning development in the group learning context. Furthermore,
we identified that the majority of learners obtained good results when interacting in
experimental group settings even if they had bad performance in previous sessions when
interacting in control group settings. Furthermore, learners who had good results in
experimental group settings often had worse performance when in control groups. This result
suggests that independently of the previous group learning experiences, it might be possible to
give a good support to learners by providing a good group formation and CL scenario where
learners can interact more effectively.

Through an interview with instructors and other learners, we have confirmed that the
main reasons for such a clear difference of performance between the experimental and
control groups are the adequate formation of group members together with the structured
design of CL activities. In our experiment, instructors and participants who were in
experimental groups had in hand the sequence of interactions (interaction pattern) suggested
by our ontology and instantiated by instructors, together with explanations about what the
goals of each interaction were and what actions were expected for each participant. Thus,
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when a participant in a group interacted in a way that did not contribute to the goal of the
interaction and/or the expected actions have not been performed, then other participants or
the instructor could ask him/her to keep following the script (interaction pattern). The
approach of using ontologies to give explicit information to participants empowered them
allowing for the group’s self-regulation to fit their interactions in the proposed interaction
pattern. The possibility of providing support for group-based self-regulation has recently
been introduced as a good mechanism to structure and investigate individual’s interactions
in group contexts (Sassenberg and Karl-Andrew 2008). According to the questionnaires
filled out by instructors, having an adequate group formation and interaction pattern seemed
to result in a better involvement of participants, which facilitated positive interdependence
and individual accountability of participants. According to participants’ questionnaires,
because everyone had a role in the group and could check how they would contribute to the
achievement of the group goal, they felt a sense of partnership with each other. Thus,
contributions of each participant were more respected and expected; group consensus was
reached more rapidly.

For example, in sessions 3 and 4, the groups had the goal to share the skill for building a
mind map, and the experimental groups based on Cognitive Apprenticeship participants were
chosen according to pedagogical specifications. These specifications explicitly informed the
roles, tasks, and individual goals for each participant. The participants who played the role of
“Master” had to increase his or her ability to build a map (which means to develop the specific
skill in the autonomous stage) while the “apprentices” had to learn how to build a map
adequately (which means to develop the specific skill in the associative stage). Throughout
specific tasks, the teacher helped the “apprentices” produce a map by externalizing his or her
cognitive processes while building maps and monitoring apprentices. As a result, on one hand,
the learners playing the role of “master” acquired the desired individual goal. On the other hand,
by observing, imitating, and being monitored, the “apprentices” developed the desired skill
effectively and smoothly. In these sessions, the participants in the control groups did not achieve
an effective group performance. Although some members of the control groups achieved their
individual goals, the groups could not achieve their desired goals. A lack of coordination was
observed among participants, which frequently generated strong disagreement among some and
caused an increased indisposition of participants to working together. As one participant had
pointed out: “We spent too much time to organize our thoughts and only a little time left to
present solutions for the topic. I believe if we had more time before the activity to discuss the
topic (informally) our results could have been improved.” Another problem was that some
participants did not contribute toward the group goal. For example, in one of the sessions one
participant complained about the behavior of another one: “one participant didn't interact
with the group. She was just listening without doing anything for the group, except when
someone asked her opinion. I think if someone wants to work in a group he/she must work for
the group.” In this case, the participant who did not interact with others in the group behaved
passively because she did not know what the group was expecting her to do. In such
situations, participants were more likely to work alone to develop their own skill than
supporting their colleagues in a group learning environment. It was also identified that the
indisposition among some participants remained after the CL sessions, indicating that a
previous harmful CL session may partially have a negative effect on future CL sessions.

However, according to the participant’s opinions, it was somewhat difficult to follow
some settings of experimental groups such as appointed roles, strategies, and tasks. One of
their arguments was that sometimes they had to neglect their personal behavior to get the
task completed as requested. Another comment was that it would be preferable to have
more than one sequence of activities, so that they could choose a sequence that suited them
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better, avoiding or at least decreasing the sense of obligation in completing an unwilling 985
sequence of activities. Those complaints are reasonable and will be taken into consideration 986
to improve our ontology. 987

In conclusion, the results of this experiment as a proof-of-concept suggest that the 988
framework of group formation presented in our ontology can be used to adequately form 989
effective groups. This verification is essential in order to provide intelligent systems with 990
theoretical knowledge that clarifies how learning theories help instructors to form groups, to 991
design CL activities, and to enhance learning outcomes. The ontology presented in this 992
work aims to represent the knowledge of intelligent educational systems that support CL, 993
while playing a central role in the decision making about how, when, and why learning 994
theories can (or should) be used to form groups considering the factors that influence the 995
CL process. 996

Conclusions 997

The main goal in this work was to demonstrate that, to some extent, it is possible to use 998
ontological engineering to “operationalize” and capture important concepts of learning 999
theories from a purpose-specific perspective and thereby support group formation in CSCL. 1000
Our assumption is that each theory has strong and weak points and depending on the 1001
situation we can switch from one theory to another. To allow that, concepts of learning 1002
theories must be explicitly represented and ontologies are used for this purpose. Thus, an 1003
intelligent system can use ontologies to help users to form groups, design CL activities, and 1004
realize when a theory is more appropriate than others, considering participants’ conditions, 1005
teacher’s preferences, and other resources in the environment. According to our analysis, 1006
some of the critical elements presented in learning theories that affect group formation and 1007
learners’ interactions are: (a) individual goals, (b) group goals, (c) group arrangement goals, 1008
(d) roles, (e) learning strategies, (f) learner’s behavior, (g) interaction patterns, and (h) 1009
learners’ stage of knowledge/skill. All these elements and many others are semantically 1010
connected and explicitly represented in our CL Ontology. 1011
We also proposed a method for adequately using the concepts on our ontology which 1012
consist of (a) understanding students’ needs, and then (b) selecting a theory to support 1013
group formation and designing of CL activities that satisfy the needs of all students in a 1014
group. Our assumption was that by having students’ information beforehand, we can 1015
increase the benefits of collaboration by grouping students who can support one another, 1016
assigning roles adequately according to student’s conditions, and proposing more 1017
personalized CL activities that help them to achieve their individuals and group goals. 1018
This approach does not intend to neglect the existence of other effective methods for group 1019
formation, such as the conventional one that first, selects a group goal and a basic structure 1020
to design collaborative tasks and then assigns real learners to roles and groups. Instead, our 1021
ontology can support a variety of group formation methods and depending on the situation, 1022
different methods should be combined and used to increase the benefits of group learning. 1023
One main difference between our approach and conventional ones is the view about the 1024
relationship between group formation and the design of interactions. Usually, conventional 1025
approaches separate group formation from design of interactions. However, the authors 1026
consider a different approach where these two problems are intrinsically connected. Such a 1027
view comes from the fact that learning theories propose guidelines to group learners for 1028
specific sequences of interactions. Therefore, to make the realization of theory-driven group 1029
formation come true, both group formation and structuring of interactions need to be treated 1030
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as a single unit. Otherwise we cannot say that a group formation is theoretically sound. 1031
Based on our commitment, it would be inconsistent to form groups adequately and let 1032
participants interact freely (and vice versa). Such differences in viewpoint could be an 1033
interesting issue for future research and study cases on this topic. 1034

To verify the usefulness and effectiveness of our ontology and method for group 1035
formation, we conducted an experiment as a proof-of-concept with 4 instructors and 20 1036
participants. The results of the experiment indicate that the concepts in the ontology helped 1037
instructors to form groups and design CL activities with theoretical justifications. 1038
Additionally, although our results are not statistically guaranteed, they suggest that 1039
individuals in experimental groups in which each member was carefully selected and the 1040
interactions were partially moderated following the prescriptions in the ontology, performed 1041
and learned better than those in the control groups whose members were not selected so 1042
rigorously and could interact freely with others. We hope that with the insights of this work 1043
other researchers in the educational field will have an interest in proposing many different 1044
ways of grouping students, and perhaps combining aspects of different theories to explore 1045
possibilities for increasing collaborative learning benefits. 1046

We believe the ontology developed in this work is a step forward in the development of the =~ 1047
foundations of an intelligent authoring tool for CL, with well-grounded theoretical knowledge, 1048
that supports group formation, facilitates the design of CL activities, and minimizes the load of 1049
interaction analysis (Fig. 2). The experiment shows that the CL ontology can provide useful 1050
information to support CL processes, and it can be further improved considering the 1051
comments of instructors and participants. Furthermore, we have already started to merge 1052
concepts in the CL ontology with the OMNIBUS ontology, which represents the theoretical 1053
knowledge for individual learning, developed by Hayashi et al. (2006, 2008), and is freely 1054
available through the Internet at http://edont.qee.jp/omnibus/. Thus, it will be possible to 1055
select the best situations for switching from an individual learning mode to a collaborative 1056
learning mode (and vice versa) and to create learning scenarios “on the fly” that more 1057
adequately support instructors and help learners achieve their goals. Our ultimate goal is the 1058
realization of AAAL: Anytime, Anywhere, Anybody Learning through the development of 1059
theory-aware systems which use ontologies to help instructors and learners, structure learning 1060
activities and materials compliant with instructional/learning theories, and guide them to 1061
perform individual or collaborative learning. We believe such systems have huge potential for 1062
making 44AL meaningful to both instructors and learners. 1063

Finally, the current use of ontologies has been suffering from a lack of good interfaces 1064
that allow instructors/teachers to easily connect with the formal notation of concepts. In 1065
order to develop better ontology-aware systems, there is a strong need for researchers from 1066
Human-Computer Interaction and Artificial Intelligence to cooperate to create smart 1067
interfaces that completely hide the ontology from end-users and ask or present only the 1068
minimum amount of information necessary to do some reasoning (information in the 1069
ontology should be automatically extracted from the knowledgebase). Using such smart 1070
interfaces, it would be possible to decrease the need of end-users (e.g., teachers) to work 1071
with formal notation and minimize the overload of information that they have to deal with 1072
to perform a task. In future research, we can utilize the results of this work as the basis to 1073
propose more user-friendly ontology-aware systems. 1074
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