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Our research objectives include constructing a collaborative learning support sys-
tem that detects appropriate situation for a learner to join in a collaborative learning
session, and forms a collaborative learning group appropriate for the situation dy-
namically. In this paper, we describe the outline of a system of concepts concerning
learning goals expected to attain by learners through collaborative learning process
with justification by the learning theories. We propose possibility that theory-based
learning groups can be combined into one in order to help a learner attain his/her
learning goals and showed an example of effective learning group formation which is
formed by combining multiple theory-based learning groups. With the ontology, it will
be possible to compare and synthesize the learning theories to design the collaborative
learning settings.
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1 Introduction

Our research objectives include constructing a collaborative learning support system that detects ap-
propriate situation for a learner to join in a collaborative learning session, and forms a collaborative
learning group appropriate for the situation dynamically. To fulfill these objectives, we have to consider
the following:

1. How to detect the appropriate situation to start a collaborative learning session and to set up the
learning goal,

2. How to form an effective group which ensures educational benefits to the members of the group, and

3. How to facilitate desired interaction among learners in the learning group.

We have discussed item 1 in our previous papers[10,11], and this paper focuses on item 2. When we have
clarified item 2 and extracted the desired interaction in the group, we would consider item 3.

There are many theories to support the advantage of collaborative learning. For instance, Obser-
vational learning[2], Constructivism[19], Self-regulated learning[9], Situated learning[15,16], Cognitive
apprenticeship[5], Distributed cognition[21], Cognitive flexibility theory[22, 23], Sociocultural Theory[25,
26], Zone of proximal development[25,26], and so on. If we select a theory from these and form a learn-
ing group based on the theory, we can expect effective collaborative learning with the strong support
of the theory. However, it is difficult to understand all theories because these theories are derived from
a wide research area including pedagogy, sociology and psychology. Moreover, we can expect different
educational benefits based on these learning theories, and observe various kinds of interaction between
learners through collaborative learning process. Due to the diversity, it is difficult to list the learning
theories effective to gain a specific educational benefit for a learner, and to compare the theories to form
a suitable collaborative learning group for the learner.

Therefore, we have been constructing a system of concepts to represent collaborative learning sessions
supported by these learning theories[12,14,24]. We call the system of concepts “Collaborative Learning
Ontology”. Although advantages of collaborative learning over individual learning are well known, the
collaborative learning is not always effective for a learner. Educational benefit that a learner gets through
the collaborative learning process depends mainly on interaction among learners. The interaction is partly
influenced by relations among members of learning group, which suggests that how to form an effective
group for the collaborative learning is critical to ensure educational benefit to the members. In this
paper, we focus on “Learning Goal Ontology” which is a part of the Collaborative Learning Ontology.
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Fig. 1. Collaborative Learning Ontology

The concept “Learning Goal” is one of the most important concepts for forming a learning group because
each learner joins in a collaborative learning session to attain some learning goals.

To help a learner obtain a specific educational benefit we can find several learning theories useful
for the purpose and form different learning groups according to the theories. If the groups are merged
into one, we may form a better learning group which is guaranteed its effectiveness by multiple learning
theories. So, we also discuss the combination of learning groups supported by different learning theories.

This paper is organized as follows: we first show briefly the structure of our “Collaborative Learning
Ontology” and “Learning Goal Ontology”. Then we summarize advantages and remaining tasks: how
can we narrow down candidates of learning groups into one? Finally we propose a new learning group
formation formed by combining multiple learning theories.

2 Learning Goal Ontology for Collaborative Learning

Through a survey of studies on collaborative learning, we picked up concepts to represent a collaborative
learning session. As a result, we set up five primitive concepts to characterize the session: Trigger, Learning
Material, Learning Scenario, Learning Group, and Learning Goal. Fig. 1 shows the conceptual structure
of Collaborative Learning Ontology.! Here, we concentrate on the concept“Learning Goal” which is one
of the most important concepts for forming a learning group, because each learner joins in a collaborative
learning session to attain some learning goals. The “Learning Goal” can be specified as two kinds of goals:
“common goal” as a whole group and “personal goal” for each learner. The concept “personal goal” can
be specified as two kinds: the goal represented as a change of a learner’s knowledge/ cognitive states, and
the goal attained by interaction with other learners.

We classify the goal of the first person (I), that of the GY(LB)<=I(LA)
first person to interact with the second person (You), and G:Y(LA)<:I(L§?W LAL
that of the whole group as I-goal, Y<«<I-goal, and W-goal, W(LaLe))
respectively. I-goal, which is described as G:I, represents what
a learner is expected to acquire. Y<I-goal, which is described
as G:Y<«<I, represents what a learner is expected to acquire
through the interaction. W-goal expresses the situation being
set up to attain Y<«I-goals and we describe the goal as G:W.
W-goal is a common goal characterizing the whole group.

Fig. 2 represents learning goals in a group where three Fig. 2. Learning Goal Ontology
learners: L 4, Lpand Lcare participating. Learner L shas an
I-goal which is attained through this collaborative learning session and this goal is described in Fig. 2
as G:I(Ly). Both Lpand Lghave I-goals, and they are represented as G:I(Lp) and G:I(L¢) respectively.
G:Y(Lp)<I(L,) is a Y<I-goal between Ljand Lpobserved from Ly4’s viewpoint. In other words, it
means the reason why L jinteracts with Lg. Concerning this interaction between Ljand Lp, there is
also a Y<I-goal observed from Lp’s viewpoint. That is, it is the reason why Lpinteracts with L 4. This
Y<=I-goal is represented as G:Y(L4)<I(Lg). Both G:I(L4) and G:Y(Lp)<I(L4) are personal goals of

! Notation: the schemata define the W-concept and the U-concept. The W-concept has entity a, which is an
instance of the concept P-concept, as a part. The entity a plays a specific role (Role-name) in the W-concept.
The concept P-concept has a semicircle on the right sides. It means the concept is defined in other schema. The
L-concept is a specification of the U-concept, and the U-concept is a generalization of the L-concept.



Table 1. W-goals

W-goal Definition Src.
£ Setting up the situation for Peer Tu-|Setting up the situation where a learner teaches something [6,7]
w| toring [P to another learner. ’
A Setting up the situation for An-|Setting up the situation where a learner diagnoses another (4]
=| chored Instruction [AT learner’s problem and then solve it (Problem-based Learning)
= Setting up the situation for learning|Setting up the situation to learn knowledge or skill as an [5]
?o " by Cognitive Apprenticeship apprentice
= EI Setting up th(.a S 1tua,t10n. for sharing Setting up the situation to share cognitive or meta-cognitive|[25,
o | | (Meta-) Cognitive function between . .
3 o function between learners based on Sociocultural Theory 26]
£ |~ learners
ED ¥ Setting up the situation for sharing|Setting up the situation to evoke a learner’s reflective thinking|[22,
n Multiple Perspectives based on Cognitive Flexibility theory. 23]
| Setting up the situation based on|Setting up the situation where full participants, whom knowl- [21]
ZN Distributed Cognition edge bases are different each other, discuss problems
Ay Setting up the situation based on|Setting up the situation where full participants discuss prob- [19]
S| Cognitive Constructivism lems
= Setting up the community for Legiti-|Setting up the the community of practice for peripheral par-|[15,
S mate Peripheral Participation [LPPticipant 16]
BI Setting up the situation for Obser-|Setting up the situation to share other learners’ learning pro- 2]
@) vational Learning cesses

Note: ¥* means an abbreviation for the W-goal.
e.g., The W-goal “Setting up the situation for Peer Tutoring” is abbreviated as “PT”.

Ly. GW({L4, Lp}) is a W-goal of the learning group ({La, Lp}). G:W({L4a,Lp,L¢c}) is a W-goal of
the learning group ({L4, L, Lc}).

We have identified goals for collaborative learning for each of the three categories, and constructed
I-goal Ontology, Y<I-goal Ontology, and W-goal Ontology with justification based on learning theories.?
We can expect learners to acquire not only new knowledge concerning problems they solve, but also
cognitive skills, meta-cognitive skills, and skills for self-expression through the collaborative learning
session (I-goals). Each I-goal has several phases of development. It is difficult to understand from a theory
what educational benefit is expected to a learner, because of lack of unified systematic terminology to
represent a variety of phases. So, we adopt the terminologies used in two established findings: Rumelhart
& Noman’s work[15] on knowledge acquisition and Anderson’s one[1] for skill development. The process to
acquire a specific knowledge includes three qualitatively different kinds of learning[15]: Accretion, Tuning,
and Restructuring. Concerning development of skills, there are also three phases of learning: Cognitive
stage, Associative stage, and Autonomous stage[1, 8].

The learner is expected to achieve these I-goals through interaction with other learners. For example,
to achieve the I-goal “Acquisition of Content-Specific Knowledge (Accretion)”, some learners could take
the Y<I-goal “Learning by being Taught[5]”, while some learners could take another Y<«I-goal “Learning
by Observation[2]”.

Table 1 shows the W-goals. The W-goals are classified into four kinds (i.e.,Three kinds of singleton W-
goals and one Composite W-goal) according to their structures. To form a learning group means to pick up
learners who join in the group as members and to assign a specific role in the group to each member. The
formation should have rationale supported by learning theories. The structure of learning goals expresses
the rationality. A W-goal, which is a learning goal as a whole group, provides the rationale for the
interaction among the members. It means that a W-goal specifies a rational arrangement of Y<«I-goals.
Fig. 3 shows a typical representation for the structure of a W-goal. It would be more easily to understand
a learning theory by preparing the structure to represent the theory and filling in each component of the
structure with suitable concepts according to the theory.

A learning theory generally argues the process that learners, who play a specific role, can obtain
educational benefits through interaction with other learners who play other roles. The theories have
common characteristics to argue effectiveness of a learning process focusing on a specific role of learners.
So, we represent the focus in the theories as Primary Focus and Secondary Focus.

Primary Focus (P): a learner’s role that is mainly focused in the learning theory. The learner who
plays this role (P-member) is expected to gain the main educational benefit.

? The details of the ontologies are described in our previous paper[14]. Here, we show the outline of the ontologies.
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Fig. 3. Conceptual Structure of a W-goal

Secondary Focus (S): a learner’s role that is weakly focused in the learning theory. The learner who
plays this role (S-member) is needed as a companion to enable a P-member to attain his/her learning
goals.

We classify the W-goals into the following four kinds depending on the number of the components P
and S.

Singleton W-goal: Each Singleton W-goal can exist independently.

Multiple-P x Single-S: The W-goal of M-P x S-S type can have multiple P-members and single
S-member.

Single-P x Multiple-S: The W-goal of S-P x M-S type can have single P-member and multiple
S-members.

Multiple-P x No-S: The W-goal of M-P x N-S type has only one role for its members. In this
group, each learner plays a role of companion for the other learner, while he/she gains main
educational benefit.

Composite W-goal: The CW-goal includes another group as its component S.

For example, in the situation of Peer Tutor-
ing, there are two roles: Peer Tutor and Peer Tu-
tee. Main educational benefit is tuning of content- (ToL | 2% =2b
specific knowledge by externalizing a learner’s
knowledge[6,7]. So, P is identified as Peer Tutor p/40{
and S is identified as Peer Tutee. From the view-
point of assigned task, the role of main problem-
solver is Peer Tutee who wants to get a new knowl-
edge to perform assigned tasks, while the role of p
helper is Peer Tutor. The number of members who P/_U{ 7%
play Peer Tutee (S) should be single, the number S<=P-god
of members who play Peer Tutor (P) can be mul- / | | Learning by Observation | )
tiple, and the W-goal PT is identified as a M-P x o Observer :
S-S type. ?b ;| Observing |)
A group attaining a W-goal(W;) can have an- o Gl (Observer)
other group, which has another W-goal(WW}), as the [ #2 D
component S of the W-goal(W;). We call the W- plor A émber of S-group
goal(W;) “CW-goal” which means a composite = 7c o[ Leaner )
W-goal. Fig. 4 shows the conceptual structure Fig. 4. An Example of CW-goal: OL
of the CW-goal Observational Learning[2]. The
learning group has Observers as its component P.




The Observers require a group (i.e.,its component S) as an object to observe meaningful interaction. In
the figure, the W-goal, which is set in #1, depends on what I-goal is set in #2. For example, if accretion
of content-specific knowledge is set in #2 as Observer’s I-goal, the W-goal PT is recommended as S’s
W-goal (#1).

A W-goal has two kinds of goals of interaction as follows:

S<P-goal: a Y<I-goal which means how and for what purpose the P-member interacts with the S-
member.

P<«S-goal: a Y<I-goal which means how and for what purpose the S-member interacts with the P-
member. In the collaborative learning session, all members of learning group are expected to get
some educational benefits. So, the S-member also has an I-goal, and the P<S-goal should be effective
to attain the I-goal.

The entities of these goals refer to the concepts defined in the Y<=I-goal Ontology. The conditions, which
are proper to each W-goal, can be added to the concepts, if necessary. Each of the Y<«I-goals referred to
by S<=P-goal and P<=S-goal consists of three components as follows:

I: a role to attain the Y<I-goal. A member who plays I role (I-member) is expected to attain his/her
I-goal by attaining the Y<I-goal.

You: a role as a partner for the I-member.

G:I: an I-goal which means what the [-member attains.

Each W-goal can be expressed by a set of Y<I-goals and I-goals. We can identify a group formation
to start an effective collaborative learning session with these goals.

3 Advantages and Remaining Tasks of Learning Goal Ontology
for Forming an Effective Learning Group

In a traditional classroom, sometimes a teacher divides students into several subgroups, and then the
students start collaborative learning in the subgroup all at once. Such collaborative learning does not
ensure educational benefits for every student, because it depends on a student’s knowledge/ cognitive
state whether collaborative learning is effective or not, and progress in learning differs from student to
student.

So, we have been proposing a network-based new learning environment to support individual learning
and collaborative learning dynamically. In the environment, each learner is solving problems individually
with an ITS. When the ITS detects a desired situation for a learner (triggered-learner) to shift from
individual learning mode to collaborative learning mode, the ITS forms an effective learning group for
the learner, and then the members of the group start a collaborative learning session. In the group, not
triggered-learner but every member should be ensured to attain individual learning goals through specific
interaction with the other members. To encourage the interaction, every member is assigned a specific role
in the group. When the members attain their learning goals, they close the session and return individual
learning mode. We call the idea of dynamic group formation “Opportunistic Group Formation (OGF)”.

With our Learning Goal Ontology we can represent the several group formations whose effectiveness
is ensured by learning theories. It means that the ontology brings the following benefit: When a personal
goal for a learner (i.e.,I-goal or Y<I-goal) is decided, we can identify learning theories which propose
learning groups to facilitate that the learner attain the personal goal. And then, we can form a specific
group and identify roles assigned to the members of the group according to the theory.

If there are many theories to enable a learner to attain a specific personal goal, we can form many
learning groups supported by the theories as candidates. Then, we have to narrow down the candidates
to one. How can we select one?

Each learner plays a specific role in collaborative learning session. Every role has necessary conditions
which should be satisfied by a learner who plays the role. The conditions will work as constraints to narrow
down the candidates. If there are still some candidates after checking the conditions for role assignment,
there are no rules for conflict resolution between all possible learning theories.

One might want to select one of the most profitable theory-based learning groups for a learner to attain
a personal goal. Every theory expresses a different learning situation. The differences between theories
do not mean the differences of the degree of effectiveness, but diversity of means to attain a goal. So, it
is hard to compare a theory with the others on the effectiveness for helping a learner attain a personal
goal.



There is another solution of the problem for narrowing down the candidates to one. Are learning
theories exclusive each other? If the candidates can be integrated into one, a stronger learning group will
appear: a learner is expected to attain a personal learning goal through some kinds of interaction, and
each interaction is justified by a learning theory.

4 Is a Learning Theory Exclusive or Harmonious with Other
Theories?

In actual learning environment, teachers often adopt the style of collaborative learning. If the group
includes a member L 4whose knowledge base and/or experiences are relatively poor, it would be difficult
for Lato discuss with other members and to solve a problem collaboratively. L4is expected to grow
into a senior through practice in the group. This type of learning group is similar to the group based
on the theory “LPP” which describes a process in which a newcomer grows into a senior[15,16]. Fig.
5 shows typical learning group formation the W-goal “LPP” where three learners: L4, Lpand Lcare
participating. As a whole group, all members solve a problem collaboratively, and L 4is regarded as a
Peripheral Participant and {Lgand L¢} are regarded as Full Participants.

G:Y(Le)<=I(Lc)
G:Y(Lc)<=I(LB)
= Learning by Discussion

Peripheral Participant

G:l(La) Y. ~ Full Participant
= Development of " *g:(( t?:)j
Metacognitive Skill :
(Assoc.) -7 =Development of (Metar)

Cognitive Skill (Autonomous)
& Content-Specific Knowledge
(Restructuring)

GW({La, Lg, Lg)=LPP

G:Y({Ls, Lc})<=I(LA)
= Learning by Practice

Fig.5. An Example of Group Formation: LPP

G:Y(La)<=I(Lp) = Learning by Diagnosing G:Y(Lg)<=I(L0)

G:Y(L B<=I(LA) GY(Lo)<=l(L)
= Learning by Reflection = Learning by Discussion
Full Participant
Peripheral Participant {~aA G:l(LB)
Gil(La) SO ¥ Gil(Lc)
= Development of = Development of (Meta)
Metacognitive Skill Cognitive Skill (Autonomous)
(Assoc.) & Content-Specific Knowledge

(Restructuring)
GY({Ls, Lc})<=I(LA)
= Learning by Practice

Fig. 6. An Example of Actual Learning Group

In this case, many skillful teachers will arrange for an excellent learner (e.g.,Lp) to help L4in the
group. For example, when a new student comes to our laboratory, a senior student may work as a tutor
for the new student. Fig. 6 shows this type of learning group formation. We can find additional Y <«I-goals
between L 4and Lpin Fig. 6 as compared with Fig. 5. The teacher will expect different types of interaction
between L and Lp, which bring additional educational benefits to them. This type of group formation
can not be interpreted by a single learning theory.

In a learning group supported by “LPP”, can all Peripheral Participants grow up into full participants?
According to the theory “LPP”, a learner (i.e.,Peripheral Participant) can acquire knowledge on the
community and develop his/her (meta-) cognitive skills only by the learner’s own practice. It is not
assumed the other learners (i.e.,Full Participants) help the Peripheral Participant grows up. It seems
that there is a gap between the Peripheral Participant and the Full Participant. Especially concerning
the development of (meta-) cognitive skills, a Peripheral Participant can observe not the process in which
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Fig. 7. An Example of Combined Learning Group: W-goal LPP & SC

a Full Participant uses the skill, but input and output for using the skill. It is difficult to learn the process
by observing only input and output.

Concerning the W-goals, both W-goals “AI”[4] and “SC”[26] assume to have a “poor learner” who
engages to solve a problem and a “helper” for the learner. The W-goal “AI” has a Problem-Holder, who
has a difficulty in solving a problem, and an Anchored Instructor, who diagnoses the Problem-Holder’s
problem and gives advice to him/her. Similarly, the W-goal “SC” has a Client, who externalizes his/her
own thinking process, and a Diagnoser, who diagnoses the Client’s thinking process and evaluates the
process. In both W-goals, a “poor learner” is expected to attain his/her I-goal, by a “helper”’s advice.
Each of these W-goals can be combined with one of the other W-goals. That is, if it is difficult for a
learner to attain an I-goal, we can combine the W-goal “AI” or “SC”, and one of the other W-goals to
help the learner attain the I-goal.

In the case of Fig. 6, we can interpret the group as a combination of two groups. One group (Group;)
consists of two Full Participants (Lpand L¢) and one Peripheral Participant (L 4). The W-goal of Group;
is “LPP”. Another group (Group;) consists of a Client (L4) and a Diagnoser (Lg), and the W-goal of
the group is “SC”. Fig. 7 shows the combination of two groups. In this learning group, L 4is expected to
participate in the session more easily thanks to the help of Lg. For Lp, it is an opportunity for diagnosing
L 4’s authentic problems and helping L 4to participate in the collaborative learning session. Through the
experience, we can expect Lgto develop his/her cognitive skill in two ways. For L¢, he/she will be able to
get the same educational benefit with participating in the group shown in Fig. 5, because his/her activity
is equal between the both groups.

For the combination of theory-based learning groups, the role of ontology is to clarify principles
of combination. In combined groups, it should be guaranteed that all members can attain their own
learning goals. At this stage, we store possible patterns of combining some theory-based learning groups
as a pattern library. The ontology should not only represent the patterns, but also the principles which
express the design rationale why the groups can be combined into one. When we can clarify the principles,
an intelligent educational support system will be able to infer an effective learning group formation based
on the principles opportunistically: The group formation is not picking up an appropriate one from the
static pattern library. In this paper, we have described the possibility of combination the W-goal “AI” or
“SC”, and other W-goals. We have to consider the other types of combination.

5 Conclusions

We have discussed Learning Goal Ontology which will be able to make it easier to form an effective
collaborative learning setting and to analyze the educational functions for a learning group. By considering
the personal and common goals, we have identified three kinds of learning goals; I-goal, Y<I-goal and
W-goal. In this paper, we described the outline of Learning Goal Ontology, and summarized advantages
and remaining tasks for the ontology. We proposed possibility that theory-based learning groups can be
combined into one in order to help a learner attain his/her learning goals and showed an example of
effective learning group formation which is formed by combining multiple theory-based learning groups.
With the ontology, it will be possible to compare and synthesize the learning theories to design the
collaborative learning settings.



At this stage, we mainly focus on the learning goals. Future work includes to construct ontologies

on remaining concepts in Collaborative Learning Ontology. Advantage of collaborative learning includes
emotional factors: e.g.,motivation, familiarity. It is also our future work how to treat these factors.

References

[SV]

10.

11.
12.

13.

14.

15.

16.

17.

18.

19.

20.

21.
22.

23.

24.

25.

26.

Anderson,J.R. “Acquisition of Cognitive Skill”, Psychological Review, vol.89(4), pp.369-406, (1982).
Bandura, A. “Social Learning Theory”, New York: General Learning Press, (1971).

Bransford, J. D., Vye, N., Kinzer, C., & Risko, R. “Teaching thinking and content knowledge: Toward an
integrated approach”, In. B. Jones & L. Idol (Eds.) Dimensions of thinking and cognitive instruction. Hillsdale
NJ: Erlbaum. pp. 381-413, (1990).

Cognition and Technology Group at Vanderbilt. “Anchored instruction in science education”, In: R. Duschl &
R. Hamilton (Eds.), Philosophy of science, cognitive psychology, and educational theory and practice. Albany,
NY: SUNY Press. pp. 244-273, (1992).

Collins,A. “Cognitive apprenticeship and instructional technology”, In: Idol, L., & Jones,B.F. (Eds.) Edu-
cational values and cognitive instruction: Inplications for refoem., Hillsdale, N.J.: L. Erlbaum Associates,
(1991).

Cooke, N.L., Heron, T.E., & Heward, W.L. “Peer tutoring: Implementing classroom wide programs”, Colum-
bus, OH: Special Press, (1983).

Endlsey, W.R. “Peer tutorial instruction”, Englewood Cliffs, NJ: Educational Technology, (1980).

Fitts,P.M. “Perceptual-Motor Skill Learning”, In: Melton,A.W. (Ed.), Categories of Human Learning, Now
York: Academis Press. pp.243-285, (1964).

Flavell, J. H. “Metacognitive aspects of problem-solving”, In L.B. Resnick (Ed.), The nature of intelligence.
Hillsdale, NJ: Erlbaum. pp.231-235, (1976).

Ikeda, M., Hoppe, U., & Mizoguchi, R. “Ontological issue of CSCL Systems Design”, Proc. of AI-ED 95,
pp-234-249, (1995).

Ikeda, M., Go, S., & Mizoguchi, R. “Opportunistic Group Formation”, Proc. of AI-ED 97, pp.166-174, (1997).
Inaba, A., TIkeda, M., Mizoguchi, R., & Toyoda, J. “The Learning Goal Ontology for Collaborative Learning”,
http://www.ai.sanken.osaka-u.ac.jp/~inaba/LGOntology/, (1999).

Inaba, A. & Okamoto, T. “The Intelligent Discussion Coordinating System for Effective Collaborative Learning
— What is the role of artificial intelligence in supporting collaboration? =7, AIED 97: Workshop Notes IV,
pp-26-33, (1997).

Inaba, A., Supnithi, T., Ikeda, M., Mizoguchi, R., & Toyoda, J. “How Can We Form Effective Collaborative
Learning Groups? — Theoretical justification of “Opportunistic Group Formation” with ontological engineering
-, pp-xx-xx, (2000).

Lave, J. “Cognition in practice: Mind, mathematics and culture in everyday life”, Cambridge University Press,
(1988).

Lave,J. & Wenger, E. “Situated Learning: Legitimate peripheral participation”, Cambridge University Press,
(1991).

Mizoguchi, R., & Bourdeau, J. “Using Ontological Engineering to Overcome Common AI-ED Problems”,
IJAIED, 11, (2000).

Mizoguchi,R., Ikeda,M., & Sinitsa,K. “Roles of Shared Ontology in AI-ED Research”, Proc. of AI-ED 97,
pp.537-544, (1997).

Piaget, J., & Inhelder, B. “The Psychology of the Child”, New York: Basic Books, (1971).

Rumelhart, D.E., & Norman, D.A. “Accretion, Tuning, and Restructuring: Modes of Learning”, In: Cotton,
J.W., & Klatzky, R.L. (Eds.) Semantic factors in cognition. Hillsdale, N.J. : L. Erlbaum Associates., pp.37-53,
(1978).

Salomon, G. “Distributed cognitions”, Cambridge University Press, (1993).

Spiro, R. J., Coulson, R., L., Feltovich, P. J., & Anderson, D. K. “Cognitive flexibility: Advanced knowl-
edge acquisition ill-structured domains”, Proc. of the Tenth Annual Conference of Cognitive Science Society,
Erlbaum, Hillsdale, NJ, pp.375-383, (1988).

Spiro, R. J., Feltovich, P., J., Jacobson, M., L., & Coulson, R. L. “Cognitive flexibility, constructivism,
and hypertext: Random access instruction for advanced knowledge acquistion in ill-structured domains”,
http://www.ilt.columbia.edu/ilt /papers/Spiro.html (1995, accessed on March 2000).

Supnithi, T., Inaba, A., Ikeda, M., Toyoda, J., & Mizoguchi, R. “Learning Goal Ontology Supported by
Learning Theories for Opportunistic Group Formation”, Proc. of AIED99, (1999).

Vygotsky, L.S. “The problem of the cultural development of the child”, Journal of Genetic Psychology, vol.36,
pp.414-434, (1929).

Vygotsky,L.S. “Mind in Society: The development of the higher psychological processes”, Cambridge, MA:
Harvard University Press, (1930, Re-published 1978).



	ref: Proceedings of ICCE2000, Taiwan, Nov., 2000.


