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Abstract. There is a strong argument in Artificial Intelligence in Education which advocates
that computer-based learning systems need to adapt to the needs of learners if they are to
provide for effective personalised instruction (Self, 19998). Diagnosing a learner's cognitive
capacity is a crucid issue in building adaptive systems. We have explored an interactive open
learner modelling (IOLM) approach which conceives diagnosis as an interactive process
involving both a computer system and a learner that discuss and together construct the learner
model. This paper outlines the architecture of an interactive open learner modelling system and
illustrates the method in a terminological domain. We discuss an evaluative study of an IOLM
demongtrator — a system called STyLE-OLM. The results from the study demonstrate potential
benefits of the method for improving the quality of the learner model and providing a means for
fostering reflective thinking. We argue that IOLM is a fruitful approach which may be
employed in intelligent learning environments both for obtaining a better model of a learner’s
cognitive state and engaging learners in reflective activities.

INTRODUCTION

Teachers have to address the needs of their learners in order to provide effective advice,
assistance, explanation, guidance, instruction. Learners expect to be understood and may be
willing to participate in a discusson about their problems rather than being given a quick,
inappropriate, or incomprehensive response. Diagnostic interactions are an essentia feature of
the proficient teacher's practice. During such interactions, the teacher may ask questions to dlicit
what the learners need and to ensure that they understand the material. Frequently, the learners
may be asked to approve what the teacher has dicited about them and this may trigger further
discussions to uncover additional relevant aspects. The result of such diagnosis will be
constructing a picture of the learner’ s needs with the active involvement both of the teacher and
the learner. Not only is this diagnosis likely to be more accurate and to enable effective
instruction but the learners themselves may understand better their needs and problems.
Moreover, when interactive diagnosis does take place in an educationa context, it can bring
deeper insights both for the teachers in terms of reflections on their own practice and the
learners in terms of promoting important meta-cognitive skills.

It is apparent that the effectiveness of interactive diagnosis depends on the diagnosee's
involvement and the diagnoser's ability to encourage this involvement. In contrast, traditional
computer diagnostic systems seek to infer reasons for the learners behaviour and elicit models
of the learners cognitive state without direct help from the learners.

A trend that focuses on involving learners in diagnosis has emerged recently. The method
was proposed by John Self (1990) as a feasible research direction that could accommodate the
dynamics of student’s behaviour and make student modelling more tractable. Self argued that
the diagnosis should be made interactive and collaborative, which required that the learner
model (LM) be made accessible to the learners who should be given a collaborative role while
the system could become an assistant helping them clarify their beliefs. These issues were later
elaborated by Cumming and Self (1991) who suggested a "switch from ITS-as-instructor to IES-
as-collaborator" and argued that the learner modelling should be a shared activity with a learner
model even being open to inspection and change by the learner. In the following ten years a

www.manaraa.com



Dimitrova

number of overt diagnostic architectures that consider the diagnostic process open for inspection
and direct influence from the learner have been developed (Paiva & Sdlf, 1995; Kay, 1995; Bull
et a., 1995; Bull & Smith, 1997; Bull & Brna, 1997; Greer et a., 2998; Bull & Brna 1999;
McCdla et a., 2000). Several empirical studies have investigated different aspects of involving
the learner in diagnosis (Bull et d., 1999; Kay, 1999; Morades et a., 2000; Zapata-Rivera &
Greer, 2001).

The existing computationa architectures are not sufficiently capable of accommodating
interactive diagnosis where a computer diagnoser and a human diagnosee are involved in an
ongoing dialogue and together construct a picture of the diagnosee's knowledge. Interactive
open learner modeling (IOLM) is proposed here as one possible gpproach for smulating
interactive diagnosis in computer tutors. Adding the issue of interaction to open learner
modelling, which makes the learner model open to the learner both for inspection and
discussion, brings a new sense of openness - such “an open learner modd might entice a
learner” to interact with it (Self, 1999b). Consequently, the approach may lead to improving the
qudity of diagnosis, as the learner would be more involved in constructing a model of their
cognition. Moreover, the interaction can be expected to provide a means for reflective learning
by engaging a learner in discussions about the domain and challenging the robustness of their
domain competence.

Interactive open learner modelling conceives diagnosis as an interactive process involving
a computer system and a learner that discuss and modify the content of the learner moddl. In
such a process both agents can influence the content of the LM. Our main goa has been to
formaise this process in order to support the development of various computer diagnosers
capable of participating in interactive open learner modelling. A framework for IOLM has been
presented elsewhere (Dimitrova et d., 1999; Dimitrova et al., 2000; Dimitrova 2001). It
includes distinctive components. a discourse model manages diagnostic interactions providing
both a diagnoser and diagnosee with a common communication method and symmetrical power
in dialogue maintenance (Dimitrova et d. 1999) while a formally defined mechanism maintains
ajointly constructed LM (Dimitrova et a., 2000). Based on this framework we have devel oped
STYyLE-OLM - an IOLM system in a terminology domain. An evauative study with STyLE-
OLM has been conducted to examine the behaviour of the system and to vaidate the
framework. The study has aso allowed us to examine some advantages of the approach in terms
of improving the quality of the learner model and providing the means for reflective learning.

This paper will outline the interactive open learner modelling approach and will present a
demonstrator — the STYLE-OLM system. Potential computational and educationa advantages of
the approach will be discussed on the basis of the evaluative study of STYLE-OLM. We argue
that computer tutors would benefit from interactive open learner modelling since a better picture
of the learners cognition can be obtained and hence the opportunity for more effective
personalised tutoring can be provided. In addition, the learners may benefit from interactive
open learner modelling as they will be provided a means for reflective learning.

INTERACTIVE OPEN LEARNER MODELLING
Involving the learner in diagnosis

Diagnosis is regarded here as involving (at least) two agents - a diagnoser and a diagnosee -
who share responshilities in building an explanation of the latter's behaviour. Without a doult,
the diagnoser's diagnostic capabilities and knowledge are crucia for the diagnosis. However, in
many dtuations the quality of the diagnoss will depend significantly on the diagnosee's
participation, for example, in medica diagnosis the patients ability to express their symptoms is
essential. Likewise, student diagnosis depends on the learner's involvement and is intrinsicaly
collaborative (Dillenbourg, 1996). The diagnosee (the student) is not (or should not be) a
passive agent with no interest in the process of diagnosis as they have the most to gain from a
successful diagnosis. The learner might be motivated to engage in the diagnostic process in
order to improve the system’s adaptability. On the other hand, a learning environment may face
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problems due to fallacies or gaps in student diagnosis and may benefit from the learner's help in
maintaining the LM.

There are two ways of involving the learner in diagnosis. implicitly and explicitly. As
Dillenbourg (1996) points out, the learner's interpretation of the system's actions reveals hisher
understanding of the system's understanding of his’her cognition. A learner's comments on a
system's misunderstanding of his/her behaviour could be used as a source for adjusting the
system’ s diagnosis. We consider this as an implicit involvement of alearner in diagnosis.

Providing learners with some control over the diagnostic component by allowing them to
inspect, change and discuss the content of the LM involves them explicitly in diagnosis. Figure
1 outlines this process. The diagnoser, which in this case is a computer diagnostic system that
simulates the behaviour of a human diagnoser (a teacher or a peer), is expected to have some
domain understanding that will yield diagnogtic decisons. The computer diagnoser ams to
dicit a learner modd that comprises beliefs about the learner’s domain knowledge. In the
traditiona diagnostic systems such a mode is based only on the diagnoser’s beliefs about the
learner’s domain beliefs. Explicit involvement of a learner in diagnosis implies that the learner’s
beliefs about their domain knowledge are taken into account and influence the construction of
the learner model. The diagnosee shal be provided with a means to inspect the LM and
encouraged to render statements about his’her domain beliefs that can ater the LM content.
Hence, alearner and a system together construct alearner model that later becomes the system's
diagnostic resource.

In this paper, we are concerned only with the explicit involvement of a learner in diagnoss.
The arrow in Figure 1 highlights the importance of interaction in involving a learner in
diagnogis - both the system and the learner should be provided with a communication medium
to reflect on the learner's beliefs. Moreover, interaction is the means by which alearner provides
information about the LM and assists the system in diagnosis. If well managed, the interaction
could provide a means for encouraging the learner's participation in diagnosis, which may
promote constructive, successful learning as well as improve the system's understanding of the
learner's cognitive state. The issue of interaction, which is discussed next in this section, is
crucia in the interactive open learner modelling approach we propose here.

/ Leatner \ /— Diagnoser -\

LM - Beliefs ahout
learner'sdomain
kKnowled ge

Beliefs about his Ongeing interaction
domain

knowledge ‘ '

Megotiating and
Domain constructing Domain
Enowled ge LM together Enowledgze

Figure 1. Explicit involvement of alearner in diagnosis.

Theissue of interaction

Interaction is a stimulus for reflection and plays an essentia role in environments that involve
learners in the diagnostic process. When learners are engaged in a discussion about the learner
modelsthey arerefl ecting upon their domain knowledge re-calling and re-considering ideas of
which they are aware. This reflective activity involves the perception of relationships and
connections between the parts of the experience and provides opportunities for the learners to be
engaged actively in what they are learning (Boud et a., 1996). According to Dewey, "reflection
implies belief on evidence', i.e. "something is believed in (or disbdieved in), not in its own
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direct account but through something else which stands as witness, evidence, proof, voucher,
warrant; that is, as ground of belief* (Dewey, 1960, p. 11, italics are from the origina). When
discussing their cognitive state with atutor, learners are encouraged to sear ch for the grounds of
and validate their beliefs. Situations which support learners in externalising their knowledge
and experience have the potentia to provide for reflective learning (Draper, 1997).

Reflection entails that different possibilities for alternative courses of actions are reveaed
and examined (Dewey, 1960). This aims at discovering the grounds of a student’s beliefs and
refers to argumentative actions such as proposing, challenging, justifying, and withdrawing.
Grundy stresses the importance of interaction and collaboration for researching and evaluating
ideas, which results in new knowledge (Grundy, 1982). She dso points out the equal power in
student-tutor (student-computer in our case) relationships and the freedom to choose as an
essential issue in planning a reflective interaction. Consequently, a learner should be provided
with a means to challenge or disagree with a system's claims as well as power to influence the
content of the LM. In addition, symmetry in the style of communication is needed, which alows
both sdes to use equaly expressve tools and share the responsbility for interaction
management.

All these issues raise the importance of the interaction for promoting reflection and argue
in favour of collaborative and interactively constructed learner models.

Involving learners in diagnosis may bring other positive effects. The process of negotiating
the learner model may foster the articulation of concepts and relationships in the domain. This
may lead potentialy to the development of explicit domain knowledge, which would improve
learners domain awareness (Bull et a., 1995). Kay argues that when learners are reflecting on
the computer's models of their knowledge, they can develop skills to judge when they know
something and to know how to go about learning something (Kay, 1999). Putting learnersin
situations where they need to formulate and externalise their ideas may help them articulate
these ideas and make tacit knowledge explicit (Collins, 1996).

The importance of interaction is demonstrated in genuine diagnostic situations involving
humans, for example some peer diagnostic systems where learners are building models of
themselves as well as models of peers and then discuss these models with the peers. In these
systems diagnostic interactions show a richness of communicative actions (e.g. Bull & Brna,
1997): learners make claims about their beliefs, chalenge views of their peers, express
agreement or disagreement; justify when the robustness of their models or the validity of the
assessment they have given to their peers is challenged; ask questions which may open new
discussion topics; respond to questions their peers ask; clarify uncovered issues; elaborate on a
topic providing explanation and supporting their clams with new facts, give and receive
feedback on their claims. The dialogue is symmetrical in terms of using a common means of
communication and sharing the responsbility of maintaining the interaction. Although peer
diagnosis systems provide rich diagnogtic interactions, the learner models elicited from these
interactions are very limited due to the complexity of natura language understanding.

The issue of interaction has not been explicitly addressed in the existing computational
architectures of computer diagnosers that involve users in diagnosis. In TAGUS (Paiva & Sdf,
1995), um (Kay, 1995), and PACMOD (Moraes, 2000) the system's claims are rendered in
viewers that externalise the LM and the learners are provided with some command options to
form their statements about the content of the LM. The learners can ask for explanations and
judtifications of the computer's opinions. Mr Collins (Bull, 1997) provides a more enhanced
interaction means in a menu-based environment for negotiating the LM. The negotiation is
initiated when conflicts between the system and learner’ s views about the LM arise.

The computational diagnosers discussed above do not employ discourse models and the
diagnosee (the learner) is the only one who has any moddling of the interaction (following
Grice (1975) when humans are involved in a diadogue they have "discourse culture’ and
commitment to contribute to the discussion). On the other hand, the learner's participation is
strictly delimited by the restricted set of command options or menu choices that the diagnostic
system provides.

We embarked upon the challenge of building a computational architecture of a computer
diagnoser that is capable of participating in interactive dagnostic interactions. Following Self
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(1995), we employ the term interactive diagnosis to emphasise the view of diagnosis as an
interactive process involving two agents, a diagnoser and diagnosee (a system and a student),
who play symmetrical (to a certain extent) roles and are involved in an ongoing diadogue
constructing together the diagnosee’'s model. A congtructive interaction guided by the diagnoser
is the means for involving the diagnosee in diagnosis where both agents reflect on the
diagnosee's domain knowledge. We have investigated a specific kind of interactive diagnosis,
caled interactive open learner modelling, where learner mode inspection is combined with
domain discussion aimed at eliciting a learner’s domain beliefs and, consequently, modifying
the learner model that in turn can be inspected which can trigger further domain interactions.

There are four main issues that need to be addressed in computational architectures for
IOLM:

Defining knowledge querying agorithms that extract the necessary knowledge from the
domain ontology.

Designing a communication medium for ingpecting and discussing the learner model.
Defining a diaogue framework for managing diagnostic interactions.
Defining a mechanism to maintain a jointly constructed learner model.

These issues have been examined in the framework for IOLM described in Dimitrova
(2001). In this framework:

knowledge querying algorithms that extract knowledge for the purposes of IOLM have
been defined and exemplified with conceptua graphs (CGs) (Sowa, 1984).

A communication medium for interactive open learner modelling that combines text and
graphics, specifically graphical representation of conceptual graphs, in a flexibly
structured way has been proposed.

A dialogue framework for managing diagnostic interactions based on approaches known
as dialogue games (Levin & Moore, 1977; Wdton, 1984) has been defined.

A theory that employs a belief moda operator (Davis, 1990) to formdise the
maintenance of ajointly constructed learner model has been defined.

To assess the validity of the framework, we have developed a diagnostic system, called
StyLE-OLM. STyLE-OLM is the Open Learner Modelling component in STyLE Scientific
Terminology Learning Environment) developed in the framework of the EU funded Larflastt
project. STYLE-OLM is an environment for interactive diagnosis where learners can inspect and
discuss aspects of their conceptual knowledge and influence the content of the LM.

In the remaining part of the paper we discuss the learning of technical terminology (the
task where IOLM has been illustrated), outline the STYLE-OLM system, and discuss the results
of an evaluative study of the system, concentrating on potential benefits from IOLM.

INTERACTIVE OPEN LEARNER MODELLING AND LEARNING TECHNICAL
TERMINOLOGY

To exemplify our IOLM framework we have explored the task of learning technical
terminology in a foreign language, for instance non English speakers studying Finance
terminology in English. Despite the importance of such a task, underlined nowadays by the
expansive business and technica contacts between different countries, it has not been
principdly investigated in intelligent computer assisted ingtruction.

1 The project involved partners from UK (University of Leeds and UMIST), France (LIRMM, Montpellier), Bulgaria
(Bulgarian academy of sciences and Virtech Ltd.), Romania (Romanian academy of sciences), and Ukraine
(Simferopol_State University). Details about the project can be found at http://www-it.fmi.uni-sofia.bg/larflast/.
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Most of the existing computer-assisted learning systems concerned with terminology have
tended to focus on the user's exploration of the subject area and function as terminological
dictionaries and domain encyclopaedias (e.g. Sager, 1990; Smith, 1998; Stanford, 1999).
Typically they provide little teaching assistance or guidance. Moreover, because of the system’s
lack of modeling of users conceptua understanding, it may well be the case that the
information provided by the system contains terms a user is not familiar with.

Severd computer asssted language learning projects consider terminology as an
ingructiona domain (eg. Chanier, 1996; Berleant et d., 1997) and explore primarily
multimedia technology to smulate redigtic language Stuations. These systems, like the
terminological resources mentioned above, suffer from the lack of adaptability. A maor
obstacle to having adaptable terminology tutors is that there is little attention paid to modelling
the learners’ cognition in this domain - a task that requires sophisticated learner models dicited
by advanced diagnostic mechanisms. We have proposed applying IOLM for discussing the
learner’ s conceptual knowledge and dliciting a modd of the learner’s domain cognition.

Applying IOLM to learning technical terminology in a foreign language

Terminology is a language for specia purposes whose acquisition in a non-native domain
commonly implies fluency in the foreign language as well as conceptual understanding
(Vitanova, 1999). Foreign language special purposes courses, which usudly follow traditional
ones based on grammar and basic vocabulary, require that language teachers have some
expertise in the subject area, which is often difficult to satisfy (Dicheva & Dimitrova, 1998).
There is an ingtant need for effective learning environments that address both language learning
and mastering of conceptual knowledge. IOLM appears a fruitful approach as it has the
potential to foster reflective learning whilst building a computationa model of a learner’s
domain understanding. We have explored IOLM to facilitate and diagnose a learner’s
conceptual understanding. This can be part of a learning environment for foreign language
terminology learning which comprises various components to address both improving users
language capabilities and enhancing their domain competence.

Generdly, learners who study terminology in a foreign language are adults. This is an
important factor in applying IOLM, because, as discussed in Knowles (1995):

Adult learners often know the reasons for their mistakes and what knowledge they lack
but are afraid (ashamed) to ask a(human) teacher, which may inhibit learning. We
bdieve that these learners may benefit from a domain discussion with a computer and
might appreciate the opportunity to influence the model the computer builds of them.

Adults are usually sdlf-motivated and persistent in their learning. They can, therefore,
be expected to engage in extensive interactions about their domain knowledge.

Adults are often afraid of failure and need a friendly environment which fosters deep
understanding and provides a means for sf-assessment. As discussed above, IOLM
facilitates self-diagnosis and is expected to foster reflective learning that can lead to an
enhanced domain understanding.

Another important issue in learning foreign language terminology is the diversity of learner
groups which vary from language professionals who are a'so domain experts (e.g. specialised
trandators) to people who are novices both in the language and the domain (e.g. university
students whose subject area education goes in paralel with their foreign language learning).
One group of learners may face problems that never occur in another group and the adopted
teaching activities depend predominantly on the users needs. Diagnosing the learners domain
competence is vital for developing effective personalised learning environments for foreign
language terminology learning. This judtifies the need for methods that can build relatively
accurate learner moddls. IOLM, which is expected to improve the qudity of alearner modd and
to enhance the system’ s diagnosis, can be considered as a fertile approach in this domain.
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The conceptual under standing task

As mentioned above, we have utilised IOLM to address conceptual understanding in learning
technical terminology in a foreign language. The importance of understanding term meanings
for text comprehension and production in terminological domains is sgnificant. This follows a
more general argument about the importance of word meaning in language lear ning. Research
in psycholinguistics has shown that language comprehension and production depends, amongst
many other factors, upon people’s knowledge about the meaning of the words (Singer, 1990).
Most linguists believe that the meaning of the words is decomposed in to concepts and the
meaning of the text depends n a complex way on word meanings (Whitney, 1998). Johnson-
Laird (1983) has proposed a possible explanation of how word referents are represented in the
human mind in terms of menta models, which are interna representations of situations in the
world. He argues that building menta models, i.e. understanding word semantics, requires
placing concepts in the context of a large system of knowledge and relating them to other
concepts.

Various methods for building conceptua models have been explored, such as
generalisation (e.g. inferring from examples), explanation (e.g. justifying certain properties),
deduction (e.g. inferring more specific knowledge about category exemplars), and analogy (e.g.
reasoning using similarities) (Thagard, 1992). Most of the research on concept learning refers to
acquiring a domain conceptualisation by applying corresponding theories and methods. This is
often not the case with learners who may misapply or fail to apply the correct classification rule.
Therefore, in educationa contexts, both finding possible explanations for learner's conceptua
errors and facilitating learner's conceptual understanding play an essentia role.

The approach we adopt in STYLE-OLM to facilitate conceptual modelling is related to two
sets of research on conceptua moddling in an educationa context. Firstly, Graesser et 4.
(1993) argue that adults can obtain conceptua knowledge by active inquiry in the form of
guestion asking and answering. An important feature of such inquiries is their systematic
relation to the content and organisation of knowledge structures underlying concepts. Secondly,
the role of reflective dialogue in addressing domain misconceptions is discussed in Katz et d.
(2000).

STYLE-OLM ams at fostering conceptua understanding by providing the following
activities:

Discussing domain knowledge with the learners where they need to form and
understand propositions with domain terms.

Articulating pieces of alearner’s conceptua model (in a graphica manner).
Challenging the robustness of alearner's conceptualisation.

Allowing learners to ask questions about domain facts and generating corresponding
answers.

Exploring concept definitions as well as concept smilarities and differences in the
discussion with the learner.

THE STYLE-OLM ARCHITECTURE

STyLE-OLM hasamodular architecture. Its four main modules, shown as grey square-edged
components in Figure 2, are:

amodule which maintains the communication medium;
amodule which manages diagnostic dialogue with the learner;

a module that extracts domain knowledge for diaogue planning and maintaining the
LM;

and a module which updates the learner moddl.
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Figure 2. The STYLE-OLM architecture. There are three main phases [1] - Initidisation, [2] -

Interaction and [3] - Learner model update.

Next in this section, we will discuss these modules in detail. As shown in Figure 2, the
interaction in STYLE-OLM is organised in three main stages:

(1]

[2]

(3]

Initialisation where an initia learner model, which can be imported from a learning
environment that utilises IOLM, is converted into commitment stores. The later
accumulate computer and learner’s beliefs throughout the interaction and are used
in the dialogue module.

Interaction where the learner's conceptua understanding is targeted. The interaction
is organised as a loop that involves the communication medium, where both the
computer and the learner utter their communicative acts, and the dialogue module
that analyses learner's utterances, updates the participants commitment stores, and
generates the system's next communicative act. For the latter, the dialogue module
cals expert knowledge queries that extract the relevant knowledge needed for
planning the dialogue and maintaining its focus.

Learner model update where the temporarily stored commitment stores are used as
a source for updating the learner model. The diagnostic module confirms with the
expert knowledge in order to assign a measure of correctness to the beliefs in the
LM.

The STyLE-OLM implementation incorporates two parts. a Prolog engine processes the
three stages mentioned above while a Java interface, which communicates with the Prolog
engine, implements the communication medium.

Domain ontology in STYLE-OLM

STyLE-OLM imports a domain ontology encoded with conceptual graphs. Conceptual graphs
(Sowa, 1984) have been designed as a “system of logic that can express the propositiona
content of sentences in natural language in as simple and direct a manner as possible” (Sowa,
1991, p. 157). In various projects, conceptua graphs have served as an intermediate language
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that smplifies the mapping of computer-oriented formalisms to and from natura languages.
Their graphical representation provides a human readable and understandable representation of
forma meaning of sentences.

Conceptua graphs have been adopted in STYLE-OLM because they are:

auitable for terminology where we will exemplify our interactive open learner
modelling framework;

rigorous, permitting reasoning for interaction planning and student diagnosis,

relatively understandable having a comprehensible graphic form advantageous for
learner model ingpection and discussion.

Two ingantiations of STyLE-OLM have been implemented - in a Computing and in a
Finance domain. Initia tests of the system have been made with a domain ontology that encodes
knowledge about Programming Languages (examples of this instantiation of the system are
discussed in Dimitrova, 2001). The instantiation presented in this paper is in a Finance domain
and covers the topic Financid Markets. The domain ontology used in this STYLE-OLM
instantiation has been built as part of the Larflast project, see Angelova et a. (2000).

An inference engine in STYLE-OLM dlicits the domain knowledge needed for interactive
diagnosis. The engine incorporates:

basic conceptual graph operations, i.e. copy, join, restrict, smplify (Sowa, 1984);

more advanced operations, such as generaisation, speciadisation, generalisation with
subgtitutions, common generalisation (Sowa, 1984);

operationsfor eliciting knowledge fromthe type hierarchy, e.g. examining parent-child
relationships between concept types, finding all parents (or children) of atype, finding a
common parent of two types.

Learner modd in STYLE-OLM

The LM in STyLE-OLM isyielded by a perturbation method which resembles an enumerative
bug model (Holt et d., 1993). The LM incorporates beliefs that present the student's correct and
incomplete knowledge as an overlay upon the domain while the student's beliefs that are not
supported by the expert are added as erroneous parts. The LM comprises aso some possible
explanations of causes for the student's erroneous beliefs, which are defined as misconceptions.
As shown in Figure 3, a misconception in STYLE-OLM is considered as potential reasoning that
has lead to an erroneous belief, for instance, the student assigns a wrong attribute to FINANCIAL
MARKET (i.e. knows wrongly that FINANCIAL MARKETS convert SECURITIES into CASH)
applying wrongly a generalisation rule (i.e. because a subtype of FINANCIAL MARKET - MONEY

MARKET - possesses this attribute, namely converts SECURITIES into CASH).
There are three types of beliefsincluded in the LM:

correct beliefs (represented with know predicates) are student beliefs supported by the
domain ontology;

erroneous beliefs (represented with know_wr ongl y predicates) are student beliefs
that are not supported by the domain ontology;

incomplete beliefs represent facts from the domain ontology that the student does not

believe - these beliefs can be either elicited by the system (represented with not _know
predicates) or stated by the student with an "I don't know" answer to a system's question

(represented with sel f _not _know predicates).
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sel f _not _know(user1, capital _market,[[a_def, 2035, _]],u_1 d_3,1, none,1).
know user 1, money_nar ket , [ [ a_def, 2050, _]],u_1_d_3, 1, none, 2).

know( user 1, noney_narket, [[ a_def, 601, ]], 0l m 2, none, 3).

know wrongl y(user 1, financi al _market, [[a_def, 602, _]],0l m1, none, 4).

not _know(user 1, capital _market,[[b_def, 2027, _]], ol m 2, none, 5).

m sconception(m sattribution(financial _narket, 602), m sattributionl, [ 2050, 601]).
% Error: The | earner believes wongly that

% ' Financial markets convert securities into cash’

% (represented in graph 602)

% Expl anati on: Because the | earner believes that

% ' Money markets are financial markets'

% (represented with graph 601)

% and

% 'On the noney narkets securities are converted into cash’
% (represented with graph 2050).

Figure 3. Sample beliefs and a misconception from the learner modd in STyLE-OLM
presented in a Prolog form.

The arguments in the belief predicates shown in Figure 3 are as follows: (1) user ID, (2)
domain concept, (3) list of conceptua graphs representing domain facts (b_def means basic
definition, a_def stands for additional definition which is usudly a situation that illustrates the
term usage, the numbers are IDs of conceptua graphs), (4) the source of this belief (e.g.
u_1l d_3 sands for unit 1 drill 3 from the learning environment where STYLE-OLM is
integrated, while ol mmeans added after open learner modelling interaction), (5) the sequential
number in the LM of the belief regarding the term presented, (6) comment, (7) the sequential
number of the belief regarding al beliefsin the LM.

When the learner's beliefs differ from the expert's the learner's problems need some kind of
explanation for a learning environment to decide what to do. We consider that the LM should
contain explanations for the learner's errors at a conceptua level and define these explanations
as misconceptions. This definition of misconceptions is smilar to that of Sison and Shimura
who describe misconceptions as “incorrect or inconsistent facts, procedures, concepts,
principles, schemata or strategies that result in behaviora errors' (Sson & Shimura, 1998, p.
132).

Misconceptions in STYLE-OLM are derived from concept learning theories (e.g.
Stevenson, 1993) and formalised with rules based on conceptua graphs. Two main classes of
errors are considered:

misclassification - anindividud | iswrongly considered to be a member of a class C;

misattribution - an attribute A iswrongly attached to a concept ¢ (c can be aclass C or
anindividud | ).

Misconceptions are utilised in STyLE-OLM to provide possble explanaions for
misclassification and misattribution. These include:

- Explanations for misclassification - (1) anindividud I may be wrongly considered as
amember of aclass C because | hasfeaturesthat are part of the definitional featuresfor
C (this explanation follows the classica concept learning theory (Stevenson, 1993));
(2) aniindividud I may be wrongly considered as a member of a class C by samilarity
with another individual that is believed to be a member of C (this explanation follows
the family resemblance theory (Stevenson, 1993)).

Explanations for class misattribution - (1) an attribute A has been wrongly attached to
a concept class C because a subclass of C possesses the attribute A (this explanation
suggests wrong class generalisation); (2) an attribute A has been wrongly attached to a
concept class C because C has an individua concept (or a group of individua concepts)
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that possesses the attribute A (this explanation suggests wrong generalisation from
individuals to the whole class).

Explanations for individual misattribution - (1) an attribute A has been wrongly
attached to an individua | because the attribute A is possessed by an individual J from
the same class as | (this explanation corresponds to class misattribution); (2) an
atribute A has been wrongly attached to an individua | because the individua has
been wrongly considered as a member of a class for which A is a defining feature (this
explanation corresponds to misclassification).

In STYLE-OLM, schemata based on conceptual graphs define conditions which need to be
checked in order to confirm the misconceptions.

The misconceptions are registered in the LM with predicates whose arguments are as
follows. (1) eror type, (2) type of misconception that may explain this error, (3) list of
conceptual graphs that justify the existence of the particular misconception (these graphs are
used for designing what shall be discussed next in maintaining the interactions with the user).

The belief part of the LM is open for inspection and negotiation with the learner while
misconceptions are used for planning diagnostic dialogue.

Communicating and externalising learner beliefsin STyLE-OLM

The discussion and externdisation of learner’s domain beliefs is accomplished in STYLE-OLM
through a communication medium that employs a graphical representation of conceptual graphs.
STyLE-OLM provides a multimoda communication environment that combines graphics, text,
and some interface widgets such as menus and buttons. In this environment, learners can inspect
and discuss their domain knowledge with the system. There are two modes:

DISCUSS where learners can discuss aspects of their domain knowledge and influence
the content of the learner model (Figure 4);

BROWSE where learners can inspect the current state of their learner model (Figure 5).

A pcture at the top right of the main STYLE-OLM window presents the current system
mode (see both Figure 4 and Figure 5). The learner switches between the modes by pressing the
button associated with this picture.

In DIscuss mode, the system and the learner discuss the learner's domain knowledge. Both
participants contribute to the discussion in the same way - by composing apropositional content
represented with a conceptual graph and specifying illocutionary force rendered as a dialogue
move. Figure 4 illustrates STYLE-OLM in DIscuss mode. The top screen presents a system's
communicative act. Its proposition appears in the drawing area as a conceptua graph and the
illocutionary force is shown in the bottom of the drawing window.

The second screen in Figure 4 shows how students construct their utterances in STyLE-
OLM. Graphical tools (at the top of the window) provide basic operations for manipulating
graphica objects (create, select, drag, change, delete), and facilitate the students in composing
conceptual graphs that will represent the propositions of their communicative acts. Learners add
illocutionary force by sdlecting a dialogue move from the right area of the screen. Labels with
sentence openers appear once a dialogue move is chosen (for some moves there is more than
oneoption, eg. | think and | don’t know are different I nformoptions).
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Figure 4. STYLE-OLM in bDiscuss mode - the system and the learner discuss the learner's
domain beliefs. The top screen shows the system asking a question. In order to answer to the
system'’s question, the learner needs to clarify a domain aspect and composes an inquiry, which
is presented in the bottom screen. The screens present moves [1.10] and [1.11] from the first
example dialogue given below.
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Figure 5. STYLE-OLM in BROWSE mode - the learner is enabled to browse through the beliefs
in the learner model, extracted from the interaction in DISCUSS mode.

To illustrate the actions undertaken by a student to compose a communicative act, let us
consider the example in Figure 4 (it shows the STYLE-OLM interface for moves [1.10] and
[1.11] from the first interaction transcript given below). The system has asked whether CAPITAL
MARKET operates with TAX EXEMPT BONDS. In order to answer, the student wants to first
check whether TAX EXEMPT BONDS are LONG TERM INVESTMENTS (knowing, perhaps, that
CAPITAL MARKET operates with LONG TERM INVESTMENTS). The composition of this question
is shown in the bottom window in Figure 4. The learner selects LONG TERM INVESTMENT from
the concept type combo box in the area below the graphica tools, then selects the rectangle (for
drawing concepts) from the graphical tools, and then clicks in the drawing area. A new concept
representing LONG TERM INVESTMENT appears. In a similar manner, the learner creates an 1SA
relation: he salects the relation from the relation combo box in the area below the graphica
tools, then sdlects the circle (for drawing relations) from the graphica tools, and then clicks in
the drawing area. A new relation named ISA appears. To finish the composition of the CG for
his question, the learner selects the link from the graphica tools and clicks sequentialy on the
graphical objects that represent TAX EXEMPT BOND, I1SA, and LONG TERM INVESTMENT. The
objects are linked. The learner now selects the graph that represents the proposition of his
communicative act by clicking on the corresponding nodes. If the graphica area comprises only
the graph that is the student's proposition, such selection is redundant, which is not the case in
this example and the student has to identify which part of the graphical composition represents
his proposition. To add illocutionary force, the student clicks on the Inquire button and a menu
with two sentence openers pops up - "What is" is used for inquiries about a concept and "Is it
true" is used for finding the validity of domain propostions. The learner selects the second
option. He has now completed the composition of his communicative act and clicks on the
Submit button at the bottom right of the screen.

When the Submit button is pressed the learner's communicative act is passed to the system.
It then shows a window with a textua form of the submitted communicative act and asks the
learner for confirmation. If the learner does not accept a communicative act, he/she returns to
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the graphical window to make the necessary changes. A submitted communicative act is passed
to the dialogue module for analysis and generation of a system’s response.

A text window at the bottom area of the window shows a transcript of the dialogue. The
learner can browse through the didogue history either in its textual form at the bottom of the
screen or by using the arrows in the graphica tools at the top.

In BROWSE mode, a user is alowed to inspect the jointly constructed learner model dicited
from the discusson. Similarly to (Kay, 1999), (Mordes et d., 2000), and (Zapata-Rivera &
Greer, 2001), STYLE-OLM externaises alearner’ s knowledge in a graphical manner. As Figure
5 shows, the layout in this mode is akin to the Discuss mode but the graphical widgets are
disallowed (to indicate this, the widgets are dimmed). The bottom line of the graphical area
shows the level of correctness that the system has assigned to the keliefs in the learner moddl.
The arrows on the top alow browsing backwards and forwards through these beliefs.

The screen in Figure 5 shows an instance of ingpecting a belief from the learner model,
which has been undertaken by the learner during the interaction in Example 1 presented later in
the paper (see moves [1.18] - [1.19]). Thelearner can seethat his belief represented with the CG
in the graphical area has been confirmed by the system: it shows the message "Y OU KNOW
THAT CAPITAL MARKET raises CAPITAL and operates with TAX EXEMPT BONDS' in the area
under the graphical region. When the learner's belief has not been confirmed by the system, a
CG with this belief is again shown in the drawing area but the system’'s message starts with
"YOU KNOW WRONGLY THAT...". Similarly, when a bedief from the system’'s domain
expertise has not been acquired by the learner, the domain fact is rendered graphicaly and the
system's message starts with "YOU DO NOT KNOW THAT...".

Managing the interaction with the learner in STYLE-OLM

The interaction with the learner in STYLE-OLM is maintained through a dialogue game based
model that combines both a linguistic approach for modelling human didogues (Levin &
Moore, 1977) and a philosophica approach for maintaining argumentative interactions (Walton,
1984). The rationale of combining both approaches is based on the argument in Pilkington et al.
(1992) who suggest that an interactive model based on logica didogue games should employ
strategies to fulfil certain gods, focusing heuristics to amend its moves according to the user's
moves, and a corpus of relevant knowledge from which to argue. These requirements introduce
the need for didogue planning approaches, such as the linguistic dialogue games. Recently,
severa computational architectures have followed this design line (Burton et a., 2000;
Ravenscroft & Pilkington, 2000; Grasso et a., 2000), which has been adopted dso in our
dialogue framework for managing diagnostic dialogue as described below.

Dialogue moves are used to indicate the illocutionary force of the agents communicative
acts (see Figure 4). Didogue moves in StyLE-OLM have been adapted from the DISCOUNT
scheme (Pilkington, 1999) for analysing educationa diaogues and include:

Inform (the speaker believes a proposition and informs the hearer about that);
Inquire (the speaker asks about a proposition);

Challenge (the speaker doubts a proposition);

Disagree (the speaker disagrees with a proposition);

Justify (the speaker explains why a proposition is correct);

Agree (the speaker agrees with a proposition);

Suggest (the speaker suggests a new topic for a discussion);

Sip (the speaker skips their turn and passes the initiative to the hearer).

Dialogue rules define when the moves are permitted. Example dialogue rues in STyLE-
OLM are shown in Figure 6. These rules help the computer both to guide a coherent interaction
and understand the learner's contributions. When the system’s next dialogue move has to be
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defined, the dialogue module extracts a list with moves that can follow the current learner move.
A move confirmed with the dialogue strategy (described below) is selected. While learners are
not restricted to follow the diaogue rules, the system considers these rules when analysing
learners utterances and may initiate a new discusson episode if a learner’s move is not
confirmed by the rules.

% precedi ng noves for | NQUI RE(p)
preceding([inquire,q],[inquire, p]).
preceding([informq],[inquire,p]).
preceding([agree,q],[inquire, p]).
pr ecedi ng([ suggest, q],[inquire,p]).
preceding([skip, _],[inquire,p]).

% pr ecedi ng noves for JUSTI FY(p)
precedi ng([chal | enge, q],[justify,p]).
precedi ng([di sagree,q],[justify,p]).

Figure 6. Didogue rules in STYLE-OLM. Note that p and q indicate different propositions,
which are represented with conceptual graphs.

Commitment stores accumulate the beliefs that the agents have committed to in the
dialogue (Wdton, 1984). The commitment stores in STYLE-OLM represent ‘working copies of
the system and learner's beliefs about the learner's domain knowledge and are collected
throughout the interactions in DISCUSS mode. When the interaction is interrupted by switching
to BROWSE mode, the commitment stores are combined to obtain a resultant learner model (see
the section "Maintaining a jointly congtructed learner modd™) that is open for inspection by the
learner. Conventional learner modelling architectures consider only a computer's commitment
store, i.e. what the computer believes about the beliefs of the learner, which forms the learner
model in these architectures. IOLM requires taking into account the learner's views about their
knowledge. The domain beliefs expressed by the learner throughout the dialogue are
accumulated in alearner's commitment store. The commitment stores are represented in STyLE-
OLM with believe predicates, such as the ones given in Figure 7. The learner and the system's
views about the learner's knowledge may differ. The views of the two agents may consider
different aspects of the learner's domain expertise, e.g. in Figure 7, the system does not believe
that the learner believes the fact represented with graph 2033, while the learner's store does not
include information about this belief because the learner has not expressed explicitly hisher
view about the proposition presented in graph 2033. The learner and system's views may
contradict at times, e.g. such views regarding the belief represented with graph 2027 are shown
inFigure 7.

fromthe systemconm tnent store

bel i eve(system bel i eve(l ear ner, 2050) .
bel i eve(syst em not bel i eve(l ear ner, 2027) .
not bel i eve(syst em bel i eve(l ear ner, 2033) .
bel i eve(system bel i eve(l ear ner, 2050) -
>bel i eve(l earner, 602)).

fromthe | earner conmitnent store
bel i eve(l ear ner, 2050) .

bel i eve(l earner, 2027).

not bel i eve(| ear ner, 2035).

bel i eve(l ear ner, 601- >602) .

Figure 7. Example beliefs from the commitment storesin STYLE-OLM. The numbers present
IDs of conceptua graphs that may be from the domain ontology, dynamically generated by the
system throughout the dialogue, or constructed by the learner.
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Commitment rules define the effects of moves upon the participants commitment stores
and assign their beliefs. The mechanism for assigning beliefs from communicative acts and
maintaining the belief stores, which is presented in Dimitrova et a. @000), utilises a Smple
bdief revison method similar to the one proposed in Paiva and Sdlf (1995). Each commitment
rule includes four parameters - speaker, hearer, dialogue move, and proposition (represented as
CG). When certain conditions about these parameters have been identified corresponding beliefs
are added in the system and the learner's commitment stores. For instance, Figure 8 shows a
Prolog example of a commitment rule that will be applied after a learner's justification. The last
two lines define the beliefs that will be added to the learner's commitment store provided that
the previous move of the learner has been inform (i.e. it is assumed that the learner provides a
justification for a previous claim they have made). Note that the system's commitment store will
not be changed. However, after applying the mechanism for extracting the jointly constructed
LM (see below) the two beliefs added to the learner's commitment store may be included in the
resultant LM if they do not contradict the beliefs in the system's commitment store.

comm tnent _rul e([| earner, systemjustify, Gaph]):-
hi story([| earner, systeminform PrevG aph]),
add_bel i ef (bel i eve(l ear ner, Graph)),
add_bel i ef (bel i eve(l earner, - >(PrevG aph, G aph))).

Figure 8. Example commitment rule used in STYLE-OLM. It assigns semantics to justify: the
learner justifies with G aph after the system has challenged or disagreed with higher previoudy
stated proposition PrevG aph that is extracted from the dialogue history.

The ddogue in STYLE-OLM is organised as a sequence of interaction episodes, which
correspond to certain diagnostic goals. An episode's goal triggers some regularity related to the
function of the dialogue. Following Levin and Moore (1977), we have defined these regularities
as dialogue games. There are three major types of dialogue gamesin STyLE-OLM:

An exploratory game addresses domain aspects related to a topic and aims at collecting
more information about the learner's domain knowledge. Both agents may initiate such
games, e.g. the student may suggest a new discussion topic or the computer may search
for more information about the learner's domain beliefs in order to decide how to react
to the learner's errors.

An explanatory game aims at discovering a possible reason for a learner's erroneous
knowledge. Such games can be initiated when the diagnoser recognises the pattern of
the learner's error and has a schema that identifies a possbility for a learner’s
misconception and suggests relevant domain aspects that should be addressed in
following interactions.

A negotiative game aims at clarifying agents positions when a discrepancy in their
views is discovered. These games have been examined in (Bull, 1997). In STyLE-OLM
negotiative games may be initiated by both parties when asking the other side for
justifications, e.g. the student may challenge the validity of the computer's beliefs about
the student's knowledge, while the computer may ask for clarification after it discovers
an inconsistency in the student's beliefs or finds out that suggested changes in the LM
do not correspond to its views.

Following Levin and Moore (1977), we consder a game condsting of: parameters that
present values specific for the game, specifications that declare conditions necessary to hold in
order for the game to take place, components that determine a sequence of utterances the game
generates.

At each moment of the conversation, the participants are involved in one dialogue game
which represents the conversationa regularities followed at the current didogue point. This
gameis caled an active dialogue game. The dialogue games for previous episodes that have not
yet been completed are considered as open dialogue games. The open dialogue games can

www.manaraa.com



STyLE-OLM: Interactive Open Learner Modelling

become active in future interactions if the participants shift back to uncompleted issues. A
dialogue game stack? has on its top the active game and contains all games that are open at the
current point.

An active game can be terminated and deleted from the stack or suspended and |eft in the
stack while its top place is taken by another active game, which can be either a newly initiated
game or an open game re-activated. The last case may require changing the sequence of
communicative acts in the game tactic.

Generdly, there might be several possible operations over the dialogue game stack. StyL E-
OLM uses heurigtics, called here dialogue strategies, to guide the didogue management
decison taking. Dialogue strategies define a meta-level of didogue and decide which particular
game STyLE-OLM should 'play’ a each time of dialogue. The strategies are encoded as rules
that search for particular conditions and assign some changes to be made in the dialogue games
stack. The following conditions are monitored:

There is a conflict in the commitment stores — this could be ether interndly in a
participant’s commitment store or between the views of the computer and the learner. In
these cases, the initiation of a new negotiation game is suggested.

The learner has submitted a proposition that is not confirmed by the expert knowledge
base. In this case, the strategies suggest the initiation of new dialogue games (or re-
activation of existing ones) that will examine misconception conditions.

The last proposition does not conform to the focus of the current game (the global focus
of the game is considered). In this case, the strategies can suggest either the initiation of
anew exploring dialogue game or re-activation of a game with a corresponding focus.

The last proposition does not conform to the loca focus (the propostion of the
preceding communicative act). In this case, the strategies can either trigger some
changes in the didogue tactics sdecting a relevant proposition or initiate a new
exploring diadogue game.

STYLE-OLM maintains a smple mechanism which sdects the first applicable rule.
Consequently, the order of applying the strategy rules may sometimes be essential for assigning
an active game.

Each communicative act submitted by the student is analysed by comparing this
communicative act with the current dialogue state. The consistency of a learner's contribution
with the focus of the active dialogue game is examined by using domain inference techniques
that relate the proposition of the communicative act to the focus space of the active game. In a
smilar manner, the learner's current contribution is assessed as to whether it is consistent with
the local focus of the last communicative act. An examination of the correctness of a learner's
statement requires appropriate domain reasoning to check whether the student's proposition has
been confirmed by the computer's domain expertise. Investigations about whether the learners
errors are likely to be due to misconceptions aso require domain inference. In this case, STyLE-
OLM tries to recognise the errors, searching for possible schemata that may define relevant
propositions to be checked in order to confirm the misconceptions. Should the analyser manage
to identify schemata (more than one possibility for misconceptions that explain the same error
may occur), the potential misconceptions may be discussed in further conversation.

2 The name stack might be misleading here as the dialogue game stack is actually a more complex structure which
contains dialogue games that are themselves compound structures. The notion of the stack is used to give some
association with the main operations with dialogue games, which in most of the cases resemble the management of
a stack structure. However, we also allow reshuffling the games within the dialogue game stack and moving
upwards a game whose focus is the closest to the student's contribution.
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Maintaining ajointly constructed learner model

Allowing for the sysem and the learner to have symmetricad diagnogtic roles entails
maintaining different views about the LM. The assumption that the LM will be used by other
components of a learning environment implies the need for obtaining a jointly constructed and
mutually accepted learner model, which absorbs agreements between the computer and student's
views. Conflicts in different views should be accumulated for further negotiation. The
mechanism for maintaining a jointly constructed learner model used in StyLE-OLM is based on
a theoretica framework (Dimitrova et d., 2000) that accommodates a belief moda operator
(Davis, 1990). Part of the diagnostic mechanism is concerned with managing the commitment
stores, which in STYLE-OLM is incorporated in the dialogue module. The commitment rules
assign changes to the system and learner’s commitment stores. The new beliefs are not added
directly, instead the commitment stores maintainer checks for potential inconsistencies in the
commitment stores (see Figure 9), removes conflicting beliefs and then adds the new bdliefs.
The dialogue strategies will be informed for regstering a conflict in the commitment stores and
this may trigger a new negotiative game.

Inconsistencies in the system’s commitment store

In the store

bel i eve(syst em bel i eve(l ear ner, 2050) .
To be added

not bel i eve(syst em bel i eve(l ear ner, 2050) .

In the store
bel i eve(system bel i eve(l earner, 2048) .
not bel i eve(system bel i eve(l ear ner, 603).
To be added
bel i eve(system bel i eve(l ear ner, 2048) - >bel i eve(| earner, 603)).

Inconsistencies in the learner's commitment store

In the store
bel i eve(l ear ner, 2055).
To be added
not bel i eve(l ear ner, 2055).

In the store

bel i eve(l ear ner, 2022) .

bel i eve(l ear ner, 2022- >604) .
To be added

not bel i eve(l ear ner, 604).

Figure 9. Example inconsstencies in the commitment storesin STYLE-OLM. The numbers
represent |Ds of conceptua graphs.

When STyLE-OLM needs to elicit what has been agreed about the learner’s knowledge
(for example, the learner switches to BROWSE mode), it employs a mechanism that takes the
beliefs in the commitment stores as initial sets of beliefs and expands them, diciting the beliefs
of the computer about the learner and the beliefs of the learner about themselves by applying
commonsense reasoner s (correspondingly, reasoners of the computer about the learner’s beliefs
and reasoners of the learner about hislher beliefs) upon the bdiefs in the initial belief stores.
This follows Mackenzi€' s notion of de facto commitments (Mackenzie, 1979) to emphasise the
digtinction between publicly proclamed beliefs and private beliefs that agents hold applying
some reasoning rules. The agents beliefs are then combined and agreements between both
agents about the learner’ s knowledge are dicited. For example,

agr eenent (not bel i eve(l ear ner, 2014), bel i eve(syst em not bel i eve(l ear ner, 2014)),
not bel i eve, 2014) .
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registers an implicit agreement between the system and the learner that the learner does not
believe the proposition encoded in the graph with an ID number 2014. The first two arguments
in the predicate show the belief in the student's commitment store and the bdief in the
computer's commitment store respectively. On the basis of these two beliefs the system dlicits
the agreement about the belief of the student represented in the last two parameters. While
implicit agreements consider beliefs dicited by applying reasoning over the agents beliefs,
explicit agreements register consent between the agents using only what has been proclaimed in
the dialogue. The predicate

agr eenent (none, bel i eve(system bel i eve(l ear ner, 2015) ), bel i eve, 2015).

registers an assumed agreement between the system and the learner that the learner believesthe
proposition encoded in the graph with an ID number 2015. The presence of 'none as a
parameter shows that the corresponding commitment store (student's in this case) does not
support the belief (but does not contradict with it either) and the agreement is €elicited on the
basis of a belief in one of the commitment stores (computer'sin this case).

STyLE-OLM aso registers conflicts between the student and the system's commitment
stores. For example,

conflict(believe(learner, 675),
bel i eve(syst em not bel i eve(l earner, 675)), 675).

registers an implicit conflict between the computer and the learner about the proposition
represented in the graph with ID 675.

Before being added to the learner model in STyLE, the agreements about the learner
domain beliefs are assigned a level of correctness. The diagnostic mechanism calls the module
for extracting domain knowledge that contains a procedure which confirms the graphs
represented in the agreements with the expert knowledge base. Then, the propositions in the
agreements are assigned a level of correctness - correct/wrong/missing. The LM is updated by
adding the agreed beliefs about the learner and registering possible misconceptions.

THE EVALUATIVE STUDY

An evduative study was conducted aimed primarily at formative evauation, which examined
the behaviour of STYLE-OLM, specifically the use of the communication medium, the dialogue
management, and the learner model maintenance. The results from the formative evaluation,
presented in detail in Dimitrova (2001), vaidated the framework for IOLM used as a basis for
implementing STYLE-OLM. The study aso alowed us to examine some issues of the
computationa and educationa benefits of IOLM which are discussed below. We focussed on:

The quality of the obtained lear ner model - what wasthe difference (if any) between the
initil LM STyLE-OLM was run with and the LM obtained at the end of the session,
was the quality of the obtained LM better and in what respect?

The validation of the student model - was the obtained LM vadlid, i.e. did it satisfy the
diagnosee, the student who had been diagnosed, and a human diagnoser, a teacher who
could perform the diagnosis instead of the computer?

The presence of reflection - was there any evidence for engaging learnersin reflective
activities while interacting with STYLE-OLM?

Participants

The study involved seven postgraduate students at the Computer Based Learning Unit, Leeds
University. All participants had good knowledge of English both in reading and writing and for
five of them English was not a mother tongue. Most of them were novice in Finance, only one
participant appearing to have a substantia understanding of the domain from his past
experience. All participants participated on a voluntary basis.
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In addition, an expert - a foreign language teacher in a Finance domain - helped with the
evauation of the dialogue maintenance and the vdidation of the learner moddl.

Task

Each learner attended an individual session. About a week before the session, each learner was
given an introductory text to familiarise with target Finance terms from the topic Financia
markets, presented in the domain ontology. Prior to their sessions, the learners were asked to
answer severd drill questions about the terms they studied. This took about twenty minutes. The
learners performance was assessed and initial LMs obtained (by hand). The interactions with
STyLE-OLM were initiated using these LMs. Training with the communication medium was
provided which was generadly half an hour and alowed the students to interact with the
Computer Science instantiation of STyLE-OLM.

In a session with STYLE-OLM running in a Finance domain, the learners were asked to
help the computer system to obtain a better model of their domain conceptuaisations. It was
explained to the participants that this would facilitate the system's adaptability in future
pedagogical Stuations like generating explanations, providing feedback, selecting instructional
materials. The learners were encouraged to inspect the LM, discuss their domain knowledge,
and influence the content of the learner model. Generally, each session lasted about half an hour
and was terminated by the learner.

M ethod

Every learner session was observed and monitored by the experimenter. Log files were recorded
for athorough examination of the system's behaviour. At the end of each session, a learner was
given a questionnaire, with the dialogue transcripts and the resultant learner model enclosed, to
dicit their subjective view about the system's performance. Some learners were briefly
interviewed to explore interesting issues arigng in the interactions. A questionnaire with
enclosed diadogue transcripts, initid and obtained LMs from learner sessions were given to a
teacher who was experienced in teaching Financia English to non-English students.

Examples

To illustrate the learner activities in STYLE-OLM we show below two transcripts of sessions
with STYLE-OLM recorded during the evaluative study. The results of the study are presented
and discussed in the following section.

According to their performance at the initid drills (which influenced the initia learner
models), the participants were classified into two groups - more knowledgeabl e students whose
initid LMs presented mostly known facts and less knowledgeable students whose initid LMs
presented mainly m ssi ng and er r oneous knowledge.

Example 1: A more knowledgeable learner discusses his domain knowledge in STyLE-OLM

Here, we will present an extract from a dialogue with a learner whose initial LM showed a
reasonably strong knowledge in Financial markets. It will be demonstrated how the robustness
of the learner's domain beliefsis challenged and he articul ates aspects of his conceptualisation.

In the above sections, we showed examples of the graphical communication medium. Here
we will omit screen shots but will include some of the experimenter's observations and learner's
commentaries, which can provide a flavour of the interactive process.

The initid dtuation in this example is that the learner confuses the terms CAPITAL MARKET
and MONEY MARKET. The initia learner modd contains the following information about the
learner's domain beliefs (we have extracted only the aspects about the two confused terms):

[L1] know - Mbney market operates with short terminvestnents.
[L2] not_know - On the nmoney market, securities are converted into cash.
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[L3] know - Capital market operates with long terminvestments and raises
capital.

[L4] know - Capital market supports buil ding new hones, factories,
school s, hi ghways and shops.

STyLE-OLM initiates the dialogue.

[1.0] STYyLE-OLMinforny YOU THINK that CAPITAL MARKET rai ses CAPITAL and
operates with LONGTERM INVESTMENTS

[1.1] Learnerjagre) | AGREE that CAPITAL MARKET rai ses CAPITAL and CAPITAL
MARKET operates wi th LONGTERM INVESTMENTS

[1.2] STYyLE-OLMinforny YOU THI NK t hat MONEY MARKET operates w th SHORT TERM
INVESTMENTS
Learner's comments:
"Oh, No. Thisis not true..."

[1.3] Learnergisagree] | DI SAGREE that MONEY MARKET operates w th SHORTTERM
INVESTMENTS

[1.4] STyLE-OLMintorp YOU THI NK t hat CAPITAL MARKET supports building new
HOMES, FACTORIES SCHOOLS HIGHWAYS and SHOPS
Learner's comments:
"I see, thisis a compound sentence, a conjunction of several statements. Need to check
every single statement... "
He looks at the graph very carefully. Decides that every sub-statement in it is correct and
makes aclam.

[1.5] Learneryiniormy | THI NK that CAPITAL MARKET supports building new
HOMES, FACTORIES, SCHOOLS HIGHWAYS and SHOPS

[1.6] STYLE-OLMinquireg DO YOU THI NK CAPITAL MARKET iS a FINANCIAL MARKET?
[1.7] Learner(infory | AGREE that CAPITAL MARKET is a FINANCIAL MARKET.

[1.8] STyLE-OLMinqire; DO YOU THI NK CAPITAL MARKET rai ses CAPITAL and
operates w th CORPORATE STOCKS?

[1.9] Learnergisagree] | DI SAGREE t hat CAPITAL MARKET operates wi th CORPORATE
STOCKS

[1.10] STyLE-OLMinquire DO YOU THI NK CAPITAL MARKET rai ses CAPITAL and
operates wi th TAX EXEMPT BONDS.

Learner's comments:

"| see, it'sasking me about tax exempt bond now... It might betrueif tax exempt bondisa
kind of long term investment. | can ask the system this, can..."

[1.11] Learnerinqireg ! S I T TRUE that TAX EXEMPTBOND i S a LONGTERM
INVESTMENT.

[1.12] STYLE-OLMinforny | KNOW that TAX EXEMPTBOND i S a LONGTERM INVESTMENT.
Learner's comments:
"I see. Then | can answer the question it asked me earlier..."
The learner goes back in the dialogue history, stops at move [1.10] and makes a statement:

[1.13] Learneriniorm | THI NK that CAPITAL MARKET rai ses CAPITAL and
operates wi th TAX EXEMPT BONDS.

[1.14] STyLE-OLMinquire; DO YOU THI NK CAPITAL MARKET rai ses CAPITAL and
operates w th CONSUMERLOANS
L earner's comments:
"We haven't discussed about consumer loans, have we? | don't know the answer, perhapsl
shall say this..."
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[1.15] Learnerinforny | DO NOT KNOW t hat CAPITAL MARKET operates with
CONSUMER LOANS

[1.16] STYLE- OLMinquire] DO YOU THI NK CAPITAL MARKET rai ses CAPITAL and
operates w th NEGOTIABLE CERTIFICATES OF DEPOSIT.
Learner's comments.

"Can’t we change the topic..."

[1.17] Learner[gisagree] | DI SAGREE t hat CAPITAL MARKET operates with
NEGOTIABLE CERTIFICATES OF DEPOSIT.

[1.18] STyLE-OLMinquireg DO YOU THI NK CAPITAL MARKET rai ses CAPITAL and
operates wi th MORTGAGE LOANS

Learner's comments:

"I shall think of which market operates with mortgage loans"

The learner goes through the Finance terms. He does not seem to find the term he is
looking for and decides to see his modd. He goes to BROWSE mode, looks mainly at the
graphs, but seems happy with the information in the learner model.

The learner goes back to DISCUSS mode and continues the dial ogue.

1.19] Learnerjintormy | THI NK t hat NEGOTIATED MARKET operates w th MORTGAGE
[ ]
LOANS

[1.20] STyLE- OLMinquire) DO YOU THI NK MORTGAGELOAN i S & LONG TERM INVESTMENT?

The interaction continues with a short eaboration on MORTGAGE LOAN and is soon
terminated by the student, quiting STyLE-OLM. After the interaction finishes, STyLE-OLM
updates the LM. As shown below, the resultant LM presents a more elaborated picture about the
learner's domain knowledge, particularly about the terms discussed:

[UL1] know - Capital market raises capital and operates with long term
i nvest nents.

[UL2] know - Capital market supports buil di ng new hones, factories,
school s,

hi ghways and shops.
[UL3] know - Capital market is a financial nmarket.

[UL4] know - Capital market rises capital and operates with tax exenpt
bonds.

[UL5] know wrongly - Negotiated nmarket operates with nortgage | oans.
[UL6] not _know - Money market operates with short terminvestnments.
[UL7] not _know - Capital market operates with corporate stocks.
[UL8] not_know - Capital market operates wi th consumer | oans.

[UL9] not _know - Capital market operates with negotiable certificates of
deposi t.

[UL10] not _know - On the noney market, securities are converted into
cash.

[UL11] not _know - Capital market raises capital and operates with
nor t gage | oans.

We will discuss the validity and the quality of the updated |earner model in the next
section.

This authentic fragment of an interaction with STYLE-OLM reveals some issues
regarding planning the interaction with thelearner. It shows abroader picture of the tacticsfor
elaborating domain knowledge: in moves [1.0] and [1.2] the system elaborates on term
definitions; move[1.4] refersto agraph representing a situation with adomain term; in move
[1.6] the system extractsafact from the type hierarchy; moves[1.8], [1.10] and [1.14] illustrate
graphs generated by the system as specialisations of an expert graph. In addition, thisexample
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demonstrates changing the focus of the dialogue which is initiated by the student (in move
[1.19]). As move [1.20] depicts, the dialogue strategies give priority to such changes and
suspend the current dialogue game, initiating agame that explores domain aspects with the new
focus. In this case, the system puts the termsNEGOTIATED MARKET and MORTGAGE LOAN ina
global focus for the new dialogue game. The conversation continues with MORTGAGE LOAN
because it is more relevant to the preceding discourse.

Example 2: Alessknowledgeablelearner reflects upon hisdomain knowledge inspecting the LM

This case shows a less knowledgeable participant who, being aware of his gaps, tries immensely
to find means to benefit from a session with STYLE-OLM. The extract below reveals how an
extensive inspection of the learner model, when aspects of the learner's conceptualisation have
been challenged by the system in an interaction mode, may lead to a sequence of reflective
activities.

The initial Situation is that the learner confuses the terms CAPITAL MARKET and MONEY
MARKET. STYLE-OLM initiates the dia ogue.

[2.0] STYyLE-OLMinquire; CAPITAL MARKET rai ses CAPITAL and operates with
WHAT?

The learner does not know how to answer. He decidesto look at the learner model. He says
that he is not familiar with the domain and prefers to see in the LM what his problems are. The
learner goes to BROWSE mode.

He starts looking at the information presented in the LM very carefully, tries to understand
everything there. He is looking mostly for what is marked as known and seems to agree with it.

Browsing through the mode, the learner confirms aspects of his domain knowledge
presented in the LM. At a certain point, he seesin the LM that he does not know the domain fact
'MONEY MARKET operates with SHORT TERM INVESTMENTS. The learner does not agree with
this information about his domain beiefs and decides to chalenge the content of the learner
model. He goes to DISCUSS mode.

[2.1] Learnerinfory | THI NK t hat MONEY MARKET operates w th SHORT TERM
INVESTMENTS

[2.2] STyLE-OLMinquireg WHAT does CAPITAL MARKET support?

The learner's domain knowledge is challenged. He redlises that he has problems in this
domain and decides to browse the learner model again. The learner goes to BROWSE mode. He
says that he does not understand the domain and needs to study more.

Learner's comments:

"I caninitiate a discussion about something which | don't know, perhaps| can learn about
the domain then. Let me see what might be interesting.”

He browses through the LM and looks for domain aspects which he does not know. He
finds that he does not know 'CAPITAL MARKET raises CAPITAL and operates with LONG TERM
INVESTMENTS? (which information has been added after the learner has failed to answer the
question in move [2.0]).

Learner's comments:

"That'stheinformation | was|ooking for before. | found it now! Yes, | agree, | don't know
this. But...infact, | know it now... I'll change the model then... Hmm, but if thisisnot correct, do
| know it...

Well, I'll tell the systemthat | know it, sincel have seen it anyway. Then | will have a look
at the model to seeif thisis marked as'known wrongly' which will mean that thisinformationis
not correct... "

The learner goes to DISCUSS mode.

3 In a browse mode, STYLE-OLM shows a graph representing the proposition supported with the texts 'Y ou don't
know that CAPITAL MARKET aises CAPITAL and operates with LONG TERM INVESTMENTS'.
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[2.3] Learnerqiniormy | THI NK that CAPITAL MARKET raises CAPITAL and operates
W t h LONG TERM INVESTMENTS

[2.4] STyLE- OLMinquireg DO YOU THI NK CAPITAL MARKET i S a FINANCIAL MARKET?

L earner's comments.

"Aha, that's something | know. It finally understood that | want to talk about capital
market. Perhaps | can carry on with this... "

[2.5] Learner(infory | THINK that CAPITAL MARKET iS a FINANCIAL MARKET.

[2.6] STYLE- OLMchaliengey VHY DO YOU THI NK that CAPITAL MARKET is a FINANCIAL
MARKET.

Learner's comments:

"OK, | seethe systemdoes not believethat | know capital market. | am not awaretoo... "

The learner scans through the didlogue. He seems to look for something but cannot find it.

Learner's comments:

"Thistime | am going to say something that should convince the computer ... | needto find
the justification the computer is asking me for..."

The learner goes through the concepts, looks for a concept that relates to FINANCIAL
MARKET and CAPITAL MARKET. He stops at CAsSH and says that this term will help him to
judtify.

[2.7] Learner[justify; | T 1S TRUE BECAUSE CAPITAL MARKET contai ns CASH.

[2.8] STYLE-OLMinquire; DO YOU THI NK CAPITAL MARKET rai ses CAPITAL and
operates w th CORPORATE STOCKS

Learner's comments:

"I see... It's checking my knowledge about capital market. Perhapsthe computer isstill not
convinced about the statement | made... What was this statement...”

The learner goes backwards in the dialogue history and stops a move [2.3] where the
proposition is'CAPITAL MARKET raises CAPITAL and operates with LONG TERM INVESTMENTS.

Learner's comments:

"l see... It's making almost the same statement. Well, | think it should be true..."

The learner goes forwards in the dialogue history and stops at the last move (move [2.9]).
Then, he makes a statement.

[2.9] Learnerqiniorm | THINK that CAPITAL MARKET rai ses CAPITAL and operates
W t h CORPORATE STOCKS.

[2.10] STYLE- OLMinquire] DO YOU THI NK t hat CAPITAL MARKET rai ses CAPITAL and
operates w th TAX EXEMPT BONDS.
Learner's comments:
"1 see... It will keep asking me about this statement. It's tax exempt bond now... Might be
true if tax exempt bond is a kind of long term investment but | have no idea whether thisis
true... Thistime | shall say | don't know"

[2.11] Learnerinformy | DO NOT KNOWthat CAPITAL MARKET rai ses CAPITAL and
operates wi th TAX EXEMPT BONDS.

[2.12] STyLE-OLMinquireg DO YOU THI NK CAPITAL MARKET rai ses CAPITAL and
operates w th CONSUMERLOANS
Learner's comments:
"Should be true..."

[2.13] Learnerinforny | THI NK that CAPITAL MARKET rai ses CAPITAL and
operates wi th CONSUMERLOANS

[2.14] STYLE- OLMinquirey DO YOU THI NK CAPITAL MARKET rai ses CAPITAL and
oper ates wi t h NEGOTIABLE CERTIFICATES OF DEPOSIT.
Learner's comments:
"I don't know... Perhaps, looking at my model could help"
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After a couple of moves, the interaction is ended by the user.

It has been shown in this example how a less knowledgeable learner has been often
provoked by the system to examine the vdidation of his domain bdiefs. Since following a
discussion about the domain appears hard for him, the student often switches to BROWSE mode
to ingpect his domain model and to see the leve of correctness the system assigns to the beliefs
in the LM. Such stuations were frequently monitored in sessons with less knowledgeable
participants.

STyLE-OLM perceived by users

On the whole, STYLE-OLM provided an environment adequate for discussing and inspecting
the LM. The students did not experience mgor problems with the communication medium -
they could relatively easily construct and understand communicative acts as well as examine the
beliefs in the LM. In the beginning of each session, the learners mainly read the text shown in
the bottom of the graphica window. After getting more familiar with the graphics, the
participants tend to examine both the conceptua graphs and their text equivaents generated by
the system. They found the graphical form helpful for articulating the main concepts and
relations between them. Many learners acknowledged as useful to have both text and graphicsto
render propositions, however, the text was confusing at times lacking coherence due to the
smple template-based mechanism used in STYLE-OLM. The evauation of the communication
medium is discussed in detail in Dimitrova et a. (2002). The learners were asked about their
preferences of text or graphics - some preferred text, others wanted to communicate with
graphics. The study was too limited to examine thoroughly the usefulness of text and graphics,
further investigation is needed which could follow the argument in Cox (1999) and examine the
use of the external representations depending on the task, properties of representations and the
users cognitive styles.

The maority of participants viewed the interaction they experienced in sessons with
STYLE-OLM as a discussion about their domain knowledge and believed that they could
influence the system's diagnosis. This alows us to conclude that the dialogue in STYLE-OLM
fulfils the requirements of IOLM. An important feature of the interaction with STyLE-OLM
was that learners were dlowed to take the initiative in maintaining the diaogue by changing the
focus of conversation or initiating new didogue games. The participants found the dialogue
moves natural and the sentence openers very useful. The focus maintenance (based on CG
inference) was relatively robust and allowed discussing connected terms and elaborating more
aspects of a learner's domain knowledge. This was regarded as positive by al participants. A
major deficiency of the didoguein STYLE-OLM was the lack of semantic structure in rendering
the system’s communicative acts. As aresult, some learners found that the system jumped from
sentence to sentence without any obvious reason and they hardly followed what was going on.
The teacher and two learners pointed out that the language used by the system to formulate its
communicative acts was rather frustrating at times which was result of the lack of explanation
of the purpose of the system's communicative acts. Further improvement of the STYyLE-OLM
interface is needed to navigate the learner through the dialogue by indicating, for instance, what
the current tactic is, why the system is changing the tactic, and when the system goes back to a
previoudy initiated dialogue game.

We will now discuss the results from the study focusing on the potential impact of IOLM
in terms of possible improvement of the LM qudity and providing opportunities to engage
learnersin reflective activities.

ON THE QUALITY OF THE UPDATED LEARNER M ODEL

The qudlity of the resultant LM will be analysed with respect to the initia LM. We define that a
learner model L., is Of abetter quality than alearner modd L if:

[1] Lnew removestheinconsistenciesin L if such exist;
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[2] Lnew presents alarger scope of learner's beliefs;

[3] Lnew provides more explanations of the learner's errors;

[4] Lnew includes ahigher proportion of valid assertions about the learner's knowledge;
[5] Lnew minimisesthe number of invalid assertions about the learner's knowledge.

The first criterion refers to problems with LM consistency often experienced by
observational diagnosis, e.g. a fact that contradicts the beliefs in the LM needs to be added.
Some of theinitial LMsin the study contained inconsistent predicates such as alearner knows a
fact G together with he/she does not know G. The diagnostic mechanism in STyLE-OLM
removed the beliefs that were inconsistent with the one stated last and the interaction clarified
and elaborated relevant domain aspects. As a result, the inconsistent information was removed
and more facts related to this uncertain aspect of a student's knowledge were added.

However, a times the resultant LMs contained conceptually conflicting domain facts
somehow hidden and not captured by the conceptua graph inference engine, e.g. when two
graphs represented facts that were paraphrases of one another. The following extract from a
teacher's comment illustrates such contradictions.

| do not understand how the |earner does not know 212 and
213, and yet knows 211 which is a paraphrase of 212 and 213.

Actually, 211 conbines the statenments made in 212 and 213.

Pl ease ook at t hat in the initial | ear ner nodel .

(Author's note - numbers here indicate 1Ds of conceptual graphs as follows: 211 - 'Primary
market operates with (trades with) new issues of security and supports new investments',
212- 'Primary market is the process by which a corporate stock is issued for the first time,
213- 'Primary market supports new investment through the selling newly issued stocks'.)

The vdidity of these facts may be addressed in further interactions with STYLE-OLM. The
learner could aso identify such problems inspecting the LM and initiate a discussion which
would clarify inconsistent aspects. Nevertheless, extended domain reasoning would be needed
to capture the problems pointed out by the teacher and to ensure the omission of the
inconsistencies she identified.

The second criterion concerns articulating learner's beliefs and expanding the LM. As
Table 1 shows, this was observed in each experimenta session.

Table 1. Changes upon the bdiefsin the LMs after sessions with STyLE-OLM.

Bdiefsfrom Beliefsfrom Length of the
Total number  theinitial LM theinitiall LM New beliefs  Total number interaction
Learner beliefsinthe deletedinthe includedinthe addedinthe beliefsinthe (number moves)

ID initia LM obtained LM  obtained LM obtained LM  obtained LM
L1 11 1 10 15 25 25
L2 11 1 10 10 20 17
L3 13 0 13 7 20 26
L4 13 2 11 6 17 34
L5 13 2 11 5 16 15
L6 11 0 11 5 16 19
L7 11 0 11 3 14 18

The expansion of the learner model did not depend crucidly on the length of the
interaction. L_4 who had the longest interaction with the system had not actualy added many
new beliefs since he was mainly confirming existing ones. Similarly, the interactions of L_6 and
L_7 were mainly approving aspects of their learner models. On the other hand, L_1, L_2, and
L_3 explored more aspects of the domain (which resulted in LM expansions). While L_1 and
L_3 spent more time engaged in a conversation and did very little ingpection of their models
(example 1 from the previous section presents an excerpt from the L_1's session), L_2 was
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predominantly inspecting his learner model (an excerpt from this session is given in example 2
in the previous section). L_5 followed a smilar style of mainly scrutinisng the LM but he did
not manage to explore many new aspects. The few deletions that were made were either due to
the learner's withdrawal of a system's claim about his beliefs or his challenge of facts in the
ingpected LM.

The third criterion refers to finding possible learner's misconceptions, which are defined
in STYLE-OLM as explanations for the learner's errors at conceptual level (see above). We
found that severa explanatory didogue games aimed at discovering possible learners
misconceptions were initiated throughout the study when the users rendered erroneous facts and
the system could invoke misconception schemata to generate dialogue tactics for the particular
situations. However, only a few msconceptions were actudly registered in the LMs during
sessions in the Finance domain. The analysis of the interactions reveded that the learners
frequently discovered their errors and made claims changing the LM. As a result, registered
potential misconceptions were not confirmed, i.e. not included in the resultant LM. We adso
discovered that some learner misconceptions were not confirmed because learners changed the
flow of the didogue by initiating new conversational topics.

In contrast, there were considerably more misconceptions registered in the resultant LMs
during the training interactions in the Computer Science domain (where, in fact, most of the
initidl testing of STYLE-OLM was done). Although, the domain expertise in this domain was
fairly limited, it included aspects which we expected could lead to discovering possible learners
misconceptions whilst the Finance ontology was developed by knowledge engineers who did
not explicitly address pedagogical needs. This stresses the importance of considering
pedagogica aspects when encoding the domain expertise in intelligent learning environments. It
aso justifies the need to enhance the current IOLM architecture in order to accommodate
limited or shallow domain expertise.

The last two criteria refer to validating the changes in the LM. As mentioned earlier, we
consider that a LM obtained from a computer diagnoser is valid if it satisfies the diagnosee, the
student who has been diagnosed, and a human diagnoser, a teacher who can perform the
diagnosis instead of the computer. To validate the LM obtained, we asked the learners and the
teacher to comment on the content of the resultant LMs. Table 2 summarises the students
opinions.

Table 2. Learners views about the vaidity of the information in their LMs.

DoestheLM Isthere anything Isthere anything Areyou
CORRESPOND to your view that should have That should have SURPRISED
Learner ahout your domain knowledge NOT BEENADDED  BEEN ADDED By something
ID 1-Exactly correspond toLM ToLM inLM
7-Does not correspond at all (1-yes, 0-no) (1-yes, 0-no) (1-yes, 0-no)
L1 2 1 0 0
L2 2 0 0 0
L3 4 0 0 0
L 4 2 1 1 1
L5 2 0 0 1
L6 6 1
L7 3 0 0 1

Fivelearners considered that the resultant L Ms corresponded to their domain knowledge
and one was neutral. L_6 thought that the obtained LM did not correspond to his domain
knowledge. Thislearner disagreed with the LM containing ‘known'’ facts he did not actually
know. Thefacts concerned domain aspects not addressed in the discussion with STyLE-OLM
but present in the initial LM of this user. Similarly, a fact not discussed with the system
surprised L_4 as hethought he knew it but it was marked as unknown inthe LM (following the
initial LM). While such casesfortify the benefits of interactiveopen learner modelling, they also
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show potential pitfallsfor missing necessary discussion topics (and leaving invalid piecesin the
LM) because either dialogue tactics may not capture them or a learner could terminate the
interaction and leave the session.

Differently from the learners, the teacher was rather neutral validating (on the basis of the
observed interactions) the LMs she inspected. She questioned principaly the approach of
assigning correctness to someone's knowledge when, in her opinion, the system's expertise was
not sufficiently refined. The teacher also chalenged some dialogue strategies that might have
hindered articulation of students knowledge. For instance, there were cases when a learner
stated a wrong fact and the system did not nitiate a new game to explore the erroneous
knowledge, which the teacher believed should have been aso the priority in such interactions.
This highlights the importance of collecting successful diagnostic tactics and strategies, which
relates to the generd issue of utilisng human teaching tactics and strategies in educationa
environments (du Boulay, 2000).

Having a fairly generic dialogue model, STYLE-OLM provides a test bed for examining the
applicability of different diagnostic strategies. The study discussed here regarded some
strategies as plausible, eg. the initiating of exploratory games when the learners statements did
not conform to the current global focus. The benefit of others was found more controversial,
eg. the initiating of a clarification dialogue game every time a conflict in the commitment stores
was discovered was useful for managing the belief stores but often re-directed the dialogue and
hindered possible misconception disclosures. The participants in our study discarded a strategy
which led to not exploring a learner’s error (when a learner stated a wrong domain fact) but
continuing the current dialogue game.

To sum up, the study demondrated that interactive open learner modelling leads to
improved quality of the learner moddl. We observed fewer inconsistencies in the resultant LM,
alarger scope of learners beliefs, and some explanations of the learners errors. The obtained
LMs included a higher proportion of valid assertions about the learners knowledge and
minimised the number of invalid assertions about the learners’ knowledge.

ON THE PRESENCE OF REFLECTION

We discussed earlier that involving a learner in diagnosis, if well maintained, increases the
likelihood of educationa gains in terms of reflective learning. We also argued that interactive
open learner modelling is capable of fostering reflective learning as it incorporates the essential
features. observation, interaction, and symmetry in student-computer relationships. The system
we have developed has alowed us to monitor severa reflective activities in interactive open
learner modelling. In this section, we will discuss the presence of reflection on the basis of
evidence found in the interaction transcripts of the experimental sessions.

The interaction transcripts, which combine the dialogue history and the experimenter's
observations (in particular when the learner switches between Discuss and BROWSE modes or
goes backwards in the dialogue history), have been analysed for the presence of reflective
activities. We regard an activity as a fragment of the interaction that can be considered to have
led to the fulfilment of a particular goal. We define the following reflective activities:

Activity 1 - The students render statements about their domain beliefs, thus they
externaise their knowledge and experience (Draper, 1997) as well as recall and
reconsider domain aspects (Boud et a., 1996). Typical examples of such activities
involve dialogue episodes containing inform, agree, challenge, or disagree moves from
the learners. Not al claims made by the students demonstrate reflective activities, e.g. "l
don’'t know" statements.

Activity 2 - The students go back to claims about their beliefs and (possibly) change
these claims, thus they recall and reconsider domain aspects Boud et a., 1996) and
validate their domain beliefs (Dewey, 1960). These activities may include didogue
episodes (e.g. the system challenges a learner's claim and he makes a statement to alter
the chalenged claim), the learner makes a statement to change his’her previous claim
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after going through the dialogue history, or being provoked by a system's move (e.g.
inquire or challenge) the learner switches to BROWSE mode to inspect hisher model.

Activity 3 - The studentsinvestigate argumentsto support their beliefs thusthey search
for grounds of their beliefs (Dewey, 1960). In this group of reflective activities we
consder the learners justifications of their claims (including justify or informmoves) in
response to system's challenges. Another evidence for the students searching for
grounds of their beliefs are episodes when a system's challenge is followed by a
student's inquiry to clarify domain aspects and then a student's clam that
supports/withdraws hig’her beliefs.

Table 3 summarises the reflective activities identified in the study with STyLE-OLM.
Figure 10 condenses the results in Table 3 and presents the distribution of the reflective
activitiesamong the two learner groups— mor e knowl edgeable and less knowledgeable learners
- based on the mean percentage of each activity in regard to all activities the learners were
engaged in.

The more knowledgeable participants were relatively well-engaged in discussions about
their models. They experienced on average a total of 12.5 (S.D.=4) reflective ativities in a
session. While the interactions with the less knowledgeable students were shorter and had
frequent focus changes, these students browsed their models more often when provoked by the
system's inquiries or challenges. As aresult, the average total number of reflective activities that
the less knowledgeabl e students were involved in was only dightly lower: 11.3 (S.D.=1).

Table 3. Reflective activities identified in the study with STYLE-OLM.

Percentage of Percentage of Percentage of TOTAL TYPE OF
Learner  ACTIVITY ONE ACTIVITY TWO ACTIVITY THREE NUMBER LEARNER
ID Render statement Go back to claim Investigate argument Reflective
activities
L5 45% 36% 18% 11 L ees knowledgeable
L2 58% 25% 17% 12 Less knowledgeable
L 6 55% 18% 27% 11 Less knowledgesble
L1 85% 8% 8% 13 More knowledgeable
L3 80% 0% 20% 10 More knowledgeable
L 4 61% 28% 11% 18 More knowledgeable
L7 89% 0% 11% 9 More knowledgeable

Predominantly, we observed the firgt reflective activity - learners rendered statements about
their domain beliefs. The results in Table 3 show that more knowledgeable students tend to
make more claims about their beliefs. A one-tailed Mann-Whitney U-test for very small samples
(Siegd, 1956) over the data in the first column in Table 3 with Ho="Both learner groups equally
involved in the first reflective activity' and H;="More knowledgeable learners made more
clams about their domain beliefs, i.e. they were more often involved in te first reflective
activity’, U =0, n;=3, n,=4 showed that the probability of occurrence under H, is p=0.028.
Therefore, the study provides considerable evidence that more knowledgeable learners make
more claims about their beliefs. This result correlates with the observations of researchers who
examined the sdlf-explanation effect and found that the more able students were capable of
generating self-explanations (Barnard & Sandberg, 1996; Chi et d., 1989). Our study did not
provide evidence for any difference in the distribution of the other two activities, nor for the
total number of reflective activities experienced.
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Figure 10. Digtribution of the three reflective activities monitored in the sessons with STyLE-
OLM. For every learner the percentage of each type of reflective activity in respect to all
reflective activities that this learner has experienced, is calculated (see Table 3). Then, the mean
percentage for the three reflective activities for both groups - less knowledgeable and more
knowledgeable |learners — are obtained.

The interactions with more knowledgeable learners contained relatively varied types of
exchanges where participants made claims about their beliefs. Some of these exchanges were
initiated by the system, e.g.

the system informs and the learner agrees

STYLE-OLMinforn- YOU THINK that CapiTAL MRKET rai ses caPTAL and operates with Lo
TERM | NVESTMENTS.

Learneragree)- | AGREE that caPITAL MRKET rai ses caPITAL and CAPITAL MARKET oper at es
Wi th LONG TERM | NVESTMENTS.

the system informs and the learner disagrees or doubts

STYLE-OLMinform- YOU THI NK that capiTAL MARKET supports buil di ng new Hoves,
FACTOR ES, SCHOOLS, H GMAYS and SHoPs.

Lear ner chaiiengej- | DOUBT that capiTAL MRKET provi des HOVE BU LD NG
the systeminquires and the learner informs or agrees

STYLE- OLMinquire)- CAPITAL MARKET rai ses caPiTAL and operates W th war?
Learnerinform- | THINK that capiTAL MRKET rai ses capiTAL and operates with LoNG TERV

| NVESTMENTS.

Sometimes the learner initiated inquiries to clarify domain facts after which he made
statement about domain facts, e.g.

Learnerinquirej- 1S I T TRUE that capiTAL MARKET operates Wi th NeGoT ABLE CERTI FI CATES OF
DEPCSI T.

STYLE-OLMinform.- | KNOWthat capiTAL MARKET Operates Wit h NEGOTI ABLE CERTI FI CATES COF
DEPCSI T.

Learnerinform- | TH NK that NeGOTIABLE CERTIFICATE &F DEPCSIT has a supertype that is

LONG TERM | NVESTMENT.

(They have discussed earlier that CAPITAL MARKET operates with LONG TERM INVESTMENTS.)
Typica reflective activities where less knowledgeable participants made claims about their

beliefs were sequences of a system's inquiry followed by a learner's browsing through the LM

and ended with a learner's statement to change the information in the LM (the last move could

well change the discussion topic), eg.

STYLE- LM nquire]- CAPITAL MARKET rai Ses caPiTAL and operates with war?

The | earner browses through the LM decides to challenge a fact there.

Learnerinform- | THINK that MNEY MRKET operates Wi th SHORT TERM | NVESTMENTS.

These participants also made claims about their beliefs answering system's questions, e.g.
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STYLE- QLM nquirej- DO YOU THI NK that capiTAL MARKET rai ses caPiTAL and operates with
CORPORATI QN STOCKS .

Learneragree;- | AGREE that caPiTAL MRKET rai ses capiTAL and operates with corecraTION
STOCKS.

Reflective activities of the second type were usualy observed in situations where learners
looked back at their claims both in the didogue history and the obtained LM &fter they were
chalenged by STyLE-OLM. The system challenged either because there was not enough
information to accept that the learner believed a domain fact or because the fact a learner stated
had not been confirmed by the system’'s domain knowledge. Less knowledgeable learners
experienced such situations more of ten (see Figure 10) since their claims were more frequently
challenged by the system. These participants tend to browse their LMs in order to check the
correctness of the claims they had made. Some mor e knowledgeabl e lear ners did not go back to
claims they had made.

Findly, the system led the learners to search for and render grounds that support their
beliefs promoting learners justifications by chalenging their domain claims, e.g.

Learnerintornj. | THINK that CERTIFICATE OF DEPCSIT I ai S€S CASH.
STYLE- OLM chal 1 engej - VWHY DO YOU THI NK t hat CERTI FI CATE GF DEPCSI T I @i S€S CASH.
Learnerjustity;- | T 1S TRUE BECAUSE Baxk i s an instrument of CeRrmIFICATE GF DEPCSIT.

(In this case the system challenged the learner's statement since it was not confirmed by the
domain knowledge base, the justification was not confirmed either, though the learner insisted
these two facts were correct.)

In the third type of reflective activity we aso included some inquiries. students grounded
their domain beliefs by asking questions to clarify aspects of the domain relying on the system's
domain expertise. While more knowledgeabl e learners constructed questions exploring aspects
not discussed yet but following the preceding discourse (as in the extract below), a common
pattern with the less knowledgeable students was to ‘answer’ a system's question by posing it
back to the system (the reflectiveness of such inquiries is dubious).

STYLE- OLMinquireg VWHY DO YOU THI NK MONEY MARKET operates wi th CORPORATE BONDS?
Lear nerinquire; | S I T TRUE that CORPORATE BOND i S @ SHORT TERM | NVESTMENT?
STYLE- OLMintorry | DO NOT KNOW t hat CORPORATE BOND i S a SHORT TERM | NVESTMENT.
Lear ner chailenge] | DOUBT t hat MONEY MARKET operates with CORPORATE BONDS.

(The first two moves exemplify alearner searching for the grounds of his beliefs while the
whole episode demonstrates a learner going back and changing his previous claims).

The occurrence of the above situations in interactions with STyLE-OLM has alowed usto
make claims about the presence of reflection. To address the effectiveness of the reflective
activities we consider two factors:

Is the scope of articulated domain beliefs extending in a coherent manner so that not
only have the learners recalled aspects of the domain but been able to build a consistent
picture connecting related domain facts?

Have the students been provided various alternatives to explore the domain, so that they
can study the domain in-depth and see different aspects to expand their beliefs?

We argue that if learners are jumping from a domain fact to another exploring concepts
distantly related to one another, they are less likely to build associations between the knowledge
pieces they have reflected upon, than if they are constructively led to recall related facts and
build a coherent picture of some domain aspects. Following this argument, for each session with
STyLE-OLM we dicited the concepts included in the propositions of the communicative acts
and grouped related concepts in sets. We consider that a set comprises related concepts if each
two concepts are either directly linked in the type hierarchy or there is a conceptual graph in the
expert knowledge base the two concepts belong to.

In general, each interaction explored at least one set which contained at least six related
concepts. The longer the discussion episodes were (the learner stayed in a DiIscuss mode), the
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larger the articulated sets of related terms were. The learner with the longest dialogue had
discussed four sets with nine, eight, four and two related concepts. Even the learners who
switched frequently to a BROWSE mode had looked for terms related to the ones mentioned in
the discusson with the system. Both the limited domain knowledge base and the short
experimental interactions indicate that the reliability of these results has to be questioned.
However, since the diadogue is guided by the system which employs a mechanism for extracting
relevant domain facts from the expert knowledge base, we could expect future runs to show
results similar to the study with the current prototype.

The second factor concerns exploring various dternatives related to one piece of
knowledge. This was observed in most of the sessions and was utilised by dialogue tactics for
conceptual understanding. The learners were referred to term definitions, Situations with domain
terms, hierarchica relations, and exemplars of generic terms. However, in some cases the
interactions were dightly boring because the system generated speciaisations of the same graph
exploring predominantly exemplars of generic terms or hierarchical relationships due to the
limited number of conceptua graphs in the knowledge base. Investigations with an improved
knowledge base are required, in order to assess the tactics for exploring various domain
aternatives.

These factors are by no means comprehensive in respect to analysing the effectiveness of
reflection, as the learning effect has not been evaluated (which implies alarger scope of genuine
participants engaged in authentic learning Situations). It isfair to say that the effectiveness of the
reflection is sill a controversia issue. The discussion here can only be regarded as an
interesting initia exploration. As Kolb (1984) stresses, the effect of reflection can only be seen
after the learner returns to the experience where the new knowledge will be associated with that
which is already possessed and conclusions will be drawn about the material which has been
processed.

To summarise, we have monitored reflective activities in interactions with STyLE-OLM.
The study showed that IOLM would be beneficia both for more knowledgeable and less
knowledgeabl e learners. While the former would be engaged in reflective interactions about the
domain, the later would be provoked to inspect their models and chalenge the robustness of
these models.

STYLE-OLM INTEGRATED INTO STYLE: THE ROLE OF IOLM IN LEARNING
ENVIRONMENTS

The potential benefits of IOLM discussed above allow us to argue that it can play atwofoldrole
in intelligent learning environments. On the one hand, IOLM may improve the quality of the
LM and can be utilised as a diagnostic component that targets problems with traditional,
observational, diagnosis. On the other hand, IOLM provides ways for engaging a user in
reflective activities and can be considered as alearning activity in educationa environments.
These issues have been addressed in the integration of STYLE-OLM in STyLE. STyLE*
(Boytcheva et al., 2000) is an adaptive knowledge based web learning environment aimed at
assgting learners from Bulgaria, Romania and Ukraine in acquiring Finance terminology in
English. The STyLE users are university students who attend a Financia English course.
STyLE addresses foreign language problems, such as understanding term morphologica
structure, mastering foreign language syntax and semantics, acquiring typica noun-verb
collocations; domain problems, such as term context usage, metaphor understanding, awareness
with what is encapsulated in the concepts behind the terms, understanding the meaning of
concepts and the relations between them; some co-relations between language and domain
understanding, e.g. syntactic/semantic errors that may lead to conceptua misunderstanding.
There are two types of learning activities in STyLE. Learners can brush up their
terminological knowledge by fredly exploring dictionaries and dynamicaly generated web
pages with immersive contexts. They can aso verify their terminological knowledge by going

4 http://larflast.bas.bg/site/
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through drills that test vocabulary, domain knowledge and situational use of terms. At each drill,
learners are provided with adaptive feedback about their language and conceptua errors. For
this purpose a LM is maintained. The modd is aso used by the ingtructional planning
component in STYLE that offers appropriate drills or directs learners to relevant resources to
improve their domain knowledge.

The ingtructiona planner calls STYLE-OLM in situations where either the learner or the
system need further diadogue, providing eaboration of learner’s conceptua knowledge
(Boytchevaet d., 2000). The following Situations are catered for:

Contradiction in the learner model — there are contradictory beliefs registered in the
learner model. In this case, more elaboration on the learner’s knowledge about these
beliefs is needed. STYLE-OLM initiates a dialogue with the learner to solve the LM
inconsistencies.

Confusion of close semantic concepts — the drill anayser registers that the learner
confuses semantically related terms (e.g. MONEY MARKET and CAPITAL MARKET). In
this case, a STYLE-OLM sesson aims at elaborating similarities and differences
between the terms.

Confusion of close language concepts — the drill analyser registers that the learner
confuses terms that may be related because of certain language similarities (e.g.
CORPORATE BOND and AGENCY BOND). In this case, STYLE-OLM registers a potential
conceptua problem caused by a linguigtic error and, similarly to close semantic terms,
elaborates on similarities and differences between the terms.

In STYLE-OLM, the learners are involved n an in-depth interaction about their domain
understanding. Such interaction is expected to augment the system’s picture of a learner’s
conceptualisation and to provide for reflective learning. STYLE-OLM isused in STYLE as:

one of the learner modelling components and complements the modules that analyse the
learner’ s performance;

one of the STyLE modules that provide pedagogica activities.

CONCLUSIONS

There is a strong argument in Artificial Intelligence in Education which advocates that
computer-based learning systems need to adapt to the needs of learnersif they are to provide for
effective personalised instruction (Self, 1999a). Computationaly tractable methods for diciting
models of the learners cognitive states are required. Approaches that bypass complexity
problems of system-centred diagnosis by involving a teacher (e.g. Lund & Baker, 1999), a peer
(e.g. Bull et a., 1999), or the learner (Morales et d., 1999) in the diagnostic process can be
considered as fertile. The latter has been also suggested as a feasible approach in user modelling
(Kobsa, 1990) and in building adaptive systems (Brusilovsky, 1996).

Interactive open learner modelling proposes a way of involving a learner in diagnosis. This
approach goes beyond the idea of open learner models (Kay, 1995; Paiva & Self, 1995), where
the learners involvement is conceived mainly as scrutinising the externdised part of ther
models. It may well happen in open learner modelling that a learner browses the learner model
passvely not being able to focus on the relevant aspects, e.g. such situations occurred in
experimental studies reported in Kay (1999) and Barnard and Sandberg (1996). In contrast,
integrating the notion of openness with the idea of interaction alows chalenging the robustness
of the learners domain expertise and not only provokes the learners engagement in diagnosis
but can aso direct them to scrutinise the models in a more systematic way. Moreover,
interactive open learner modelling provides more opportunities for fostering reflective thinking.

IOLM expands the idea of student model negotiation (Bull, 1997). While in the framework
proposed by Bull the interaction is triggered chiefly by conflicts between the computer and the
student's views about the student, IOLM manifests a congtructive dialogue guided by the
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computer that flexibly switches between different diagnostic tactics. The diagnostic method
presented in this paper is unique for it incorporates a discourse model for managing diagnostic
interactions and provides both a diagnosee and a diagnoser with a common communication
means and a symmetrical power in maintaining the didogue. Ancther distinctive feature of this
work is a more rigorous mechanism for maintaining different views about the learner’s beliefs
accumulated throughout the interaction. This mechanism maintains a jointly constructed learner
moded.

This paper has outlined the architecture of an interactive open learner modelling system
and illustrated the method in a terminological domain. We have discussed an eval uative study
with STYLE-OLM - the IOLM demonstrator we have built. The results from the study have
been discussed in relation to the potentia impact of the method, namely the quality of the
obtained learner modd and the pedagogica gains in terms of providing a means for fostering
reflective thinking. Conclusions about the potentia benefits from the method have been drawn.
We have argued that IOLM is a fruitful approach which may be employed in intelligent learning
environments both for obtaining a better model of a learner’s cognitive state and engaging
learnersin reflective activities.

While the evaluation has demonstrated that STYLE-OLM provides a fruitful approach for
fostering reflective thinking, the study performed was quite small to go beyond monitoring the
presence of reflection and did not address the learning impact of IOLM and the effectiveness of
learner reflection. These issues remain open and shal be examined in future studies with
STyLE-OLM. We aso have to acknowledge that the evaluation involved a rather specialised
group of learners who were able to easily use the STyLE-OLM interface. Further investigation
is needed to assess the potential of different environments (including textual and graphica
representations) taking into account the uniqueness of the task of externalising and negotiating a
learner's cognition. As a future work, the author intends to apply usability techniques to
systematicaly evauate existing media for externalising and negotiating learner models.

Although 1IOLM has been illustrated here in a terminological domain using conceptua
graphs, the knowledge querying agorithms have been defined in STYLE-OLM in a domain
independent manner and a feasible adaptation is expected in similar domains concerned with
declarative knowledge. In this line, causd models can also be considered as a possible
gpplication. The proposed communication medium exploits a flexibly structured interface that
alows dialogue participants to utter communicative acts combining graphics and text. Research
justifies that such a communication manner has the potential to foster effective communication
as it may reduce communication problems, dicit participants beliefs, and facilitate reflection
(Baker and Lund, 1997). Although we have experimented with a specific form of diagram,
namely graphically rendered conceptual graphs, one can envisage a possible modification of the
proposed communication means to employ another form of representation for externalising and
discussing a learner model. Semantic networks and concept maps, being syntacticaly similar to
conceptua graphs, are favourable candidates. In addition, some visua programming languages
may be adopted due to their well-defined syntax and semantics. We have adapted commonly
used computationa methods for building interactive systems to smulate diagnostic dialogues.
The didogue modd used in STYLE-OLM s fairly generd and may be applied in student
moddlling interactions in different domains. Following the discussion in (Core et d., 2000), we
have separated the domain operations from dialogue control operations, which enables the set of
diagnostic tactics and strategies to be extended without changing the current communication
architecture. The dialogue management mechanism in STYLE-OLM can be used as a basis for
maintaining interactive diagnostic communications. We ought to mention, though, that a
significant extension of the STyLE-OLM dialogue management is need in the more genera case
of interactive student modelling. The learner mode inspection in IOLM has enabled some
failures of the dialogue management to be overcome, since the learner is able to open the learner
model at any time, monitor the changes resulting from the dialogue and initiate a discussion on
incorrect attributions.

STyLE-OLM can be used as a testbed for further examinations of interactive open learner
modelling. The system provides an opportunity to perform tests with different diagnostic tactics
and strategies as the interaction is handled by a fairly genera dialogue framework. Various
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tactics, such as comparison (Milosavljevic, 1997), explanation (McCoy,1989; Bontcheva &
Wilks, 1999), inquiry dialogue (Kor, 2001; Wong et d., 1998), and error repair (VanLehn et d.,
1998), can be incorporated into the current architecture by defining domain schemata for
collecting the relevant knowledge to be addressed in the discussion. Studies with the system
would allow the effectiveness of these tactics to be examined as well as different strategy rules
adjusted to achieve more effective interaction.

It would be sensible to look at a possible use of the system in peer diagnostic contexts. The
communication medium in STyLE-OLM adopts a flexibly structured interface used in
collaborative humarthuman discussions (Baker & Lund, 1997; Robertson et d., 1998; Soller,
2001). This allows us to expect a feasible dteration of STyLE-OLM into peer diagnostic
Stuaions. We have shown in Dimitrova (2001) that the mechanism for maintaining a jointly
constructed learner model can be applied in peer diagnosis to provide a computer system with
an engine to build models of the peers and to mediate the interaction between them. STyLE-
OLM can be used with students who discuss the domain in the communication manner provided
(possible roles - a diagnoser and a diagnosee - may need to be assigned). The interactions of
such atrial may be analysed and useful diagnostic tactics and strategies extracted - research has
shown that tactics and strategies of inexperienced tutors may be beneficial for the design d
computer tutors (Graesser et a., 2000).

We have begun this paper with the view that interactive diagnosis is an important feature of
effective teaching. Interactive open learner modelling examines one possible method for
interactive diagnosis by adding interactivity to open learner modelling. We believe that the
architecture and the potential of interaction presented here justify the need for further
exploration of interactive diagnostic approaches.

Acknowledgements

The research reported here was conducted during the author’s PhD studies, supervised by John
Self and Paul Brna. The author is indebted to them for their constant support, encouragement,
and congtructive criticism, without which this project would have not been completed. The
author is dso grateful to al members from the Computer Based Learning Unit, Leeds
University for many stimulating discussions and cooperation that helped refine some of the
ideas presented here. The author’s PhD studies were supported by the British ORS programme.
The implementation of STyLE-OLM was part of the EU funded Larflast project. The resources
provided and the various constructive comments from the project partners are greatly
acknowledged. We thank all the participants in the study presented in the paper. The author is
thankful to the reviewers whose constructive comments helped improve the quality of the paper.

References

Angelova, G., Nenkova, A., Boytcheva, Sv., & Nikolov, T. (2000). CGs as a knowledge representation
core in a complex language learning environment. In B. Ganter & G. W. Mineau (Eds.),
Proceedings of international conference on conceptual structures (pp. 45-58). Shaker Verlag.

Baker, M., & Lund, K. (1997). Promoting reflective interactions in a computer-supported collaborative
learning environment. Journal of Computer Assisted Learning, 13, 175-193.

Barnard, Y., & Sandberg, J. (1996). Self-explanations, do we get them from our students? In P. Brna, A.
Paiva & J. A. Sdf (Eds.), European conference on Artificial Intelligence in education (pp. 115-121).
Lishbon, Portugal.

Berleant, D., Shi, L., Wei, X., Viswanathan, K., Chai, C., Mgid, N., Qu, Y., & Sunkara, P. (1997).
LEARN: software for foreign language vocabulary acquisition from English unrestricted text.
Computer Assisted Language Learning, 10 (2).

Bontcheva, K., & Wilks, Y. (1999). Generation of adaptive (hyper)text explanations with an agent model.
In Proceedings of the European Workshop on Language Generation (EWNLG'99), Toulouse,
France.

Boud, D., Keogh, R., & Walker, D. (1996). What is reflection in learning. In D. Boud, R. Keogh & D.
Walker (Eds.), Reflection: turning experience into learning (pp. 7-17). London: Kogan Page.

Boytcheva, S., Kalaydgjiev, O., Nenkova, A., & Angelova, G. (2000). Integration of resources and
components in a knowledge-based web environment for terminology learning. In S. Cerri & D.

www.manaraa.com



Dimitrova

Dochev (Eds.), Artificial Intelligence: Methodology, systems and applications 9" International
AIMSA Conference (pp. 210-220). Springer, LNAI 1904.

Brusilovsky, P. (1996). Methods and techniques of adaptive hypermedia. User Modeling and User-
Adapted Interaction, 6 (2/3), 87-129.

Bull, S. (1997). Collaborative student modelling in foreign language learning. PhD Thesis. University of
Edinburgh.

Bull, S., & Brna, P. (1997) What does Susan know that Paul doesn't? (and vice versa): Contributing to
each other's student model. In: B. du Boulay, & R. Mizoguchi, (eds.) Artificial Intelligence in
Education: Knowledge and Media in Learning Systems, |0S Press, Amsterdam, 1997, pp.568-570.

Bull, S, & Brna, P. (1999). Enhancing peer interaction in the Solar system. In P. Brna, M. Baker & K.
Stenning (Eds.). Roles of communicative interaction in learning to model in Mathematics and
Science: Proceedings of the C-LEMMAS conference, Ajaccio, Corsica.

Bull, S., & Smith, M. (1997). A pair of student models to encourage collaboration. In A. Jameson, C.
Paris & C. Tasso (Eds.), Proceedings of the sixth international conference on User Modelling.
Springer.

Bull, S, Brna, P., & Pain, H. (1995). Extending the scope of student models. User Modeling and User-
Adapted Interaction, 5(1), 45-65.

Bull, S., Brna, P., Critchley, S, Davie, K., & Holzherr, C. (1999). The missing peer, artificia peers and
the enhancement of human-human collaborative student modelling. In S. Lajoie & M. Vivet (Eds.),
Artificial Intelligence in Education - Open learning environments. new computational technologies
to support learning, exploration and collaboration (pp. 269-276). Amsterdam: 10S Press, Frontiers
in Al and Applications.

Burton, M., Brna, P., & Pilkington, R. (2000). Clarissa: a laboratory for the modelling of collaboration.
International Journal of Artificial Intelligencein Education, 11, 79-105.

Chanier, T. (1996). Learning a second language for specific purposes within a hypermedia framework.
Computer Assisted Language Learning, 9 (1), 3-43.

Chi, M.T.H., Bassok, M., Lewis, M.\W., Remann, P., & Glaser, R. (1989). Self-explanations. How
students study and use examplesin learning to solve problems. Cognitive Science, 13, 145-182.
Callins, A. (1996). Design issues for learning environments. In S. Vosniadou, E. De Corte, R. Glaser &
H. Mandl (Eds), International perspectives on the design of technology-supported learning

environments (pp. 347-361). Lawrence Erlbaum Assoc.

Core, M. G., Moore, J. D., & Zinn, C. (2000). Supporting constructive learning with a feedback planner.
AAAI fall symposium on building dialogue systems for tutorial applications

Cox, R. (1999). Representation construction, externalised cognition and individual differences. Learning
and Instruction, 9, 343-363.

Cumming, G., & Sdf, JA. (1991). Learner modelling in collaborative intelligent educational systems. In
P. Goodyear (Ed.), Teaching knowledge and intelligent tutoring. New Jersey: Ablex Publishing
Corporation Norwood.

Davis, E. (1990). Representations of commonsense knowledge. San Mateo: Morgan Kaufmann.

Dewey, J. (1960). How we think - a restatement of the relation of reflective thinking to the educational
process. D.C. Heath and Company.

Dicheva, D., & Dmitrova, V. (1998). An approach to representation and extraction of terminological
knowledgein ICALL. Journal of Computing and Information Technologies, Val.6 (1), 39-52.

Dillenbourg, P. (1996). Some technical implications of distributed cognition on the design on interactive
learning environments. Journal of Artificial Intelligencein Education, 7 (2), 161-180.

Dimitrova, V. (2001) Interactive open learner modelling. PhD thesis, University of Leeds.

Dimitrova, V., Brna, P., & Sdf, J. (2002). The design and implementation of a graphical communication
medium for interactive open learner modelling. In S. Cerri, G. Gourderes & F. Paraguacu (Eds.),
Intellignet Tutoring Systems (pp. 432-441). Springer-Verlag, LNCS.

Dimitrova, V., Sdf, JA., & Brna, P. (1999). The interactive maintenance of open learner models. In
SP.Lgoie & M. Vivet (Eds), Artificial intelligence in education (pp. 405-412). Amsterdam: 10S
Press.

Dimitrova, V., Sdf, JA., & Brna, P. (2000). Maintaining a jointly constructed student model. In SA.
Cerri & D. Dochev (Eds.), Artificial intelligence: Methodology, systems, and applications(pp. 221-
231). Berlin: Springer, Lecture Notes of Artificia Intelligence.

Draper, S. (1997). Notes on the concept of reflection, http://www.psy.gla.ac.uk/~steve/reflection.html.

Du Boulay, B. (Ed.). (2000). Modelling human teaching tactics and strategies. Modelling human teaching
tactics and strategies (Proceedings of the workshop at 1TS2000.). International Journal of Arttificial
Intelligence in Education, 11, 1020-1029.

www.manaraa.com



STyLE-OLM: Interactive Open Learner Modelling

Graesser, A. C., Langston, M.C., & Baggett, W.B. (1993). Exploring information about concepts by
asking questions. In G. V. Nakamura, D.L. Medin & R. Taraban (Eds.), Categorization by humans
and machines (pp. 411-436). Academic Press.

Graesser, A. C., Person, N., Harter, D., & the Tutoring Research Group (2000). Teaching tactics in
AutoTutor. In B. Du Boulay (Ed.), Modelling human teaching tactics and strategies. International
Journal of Artificial Intelligencein Education, 11, 1020-1029.

Grasso, F., Cawsey, A., & Jones, R. (2000). Dialectical argumentation to solve conflicts in advice giving:
a case study in the promotion of healthy nutrition. International Journal Human-Computer Studies,
53, 1077-1115.

Greer, J,, McCala, G., Callins, J., Kurrer, V., Meagher, P., & Vassileva, J. (1998). Supporting peer help
and collaboration in distributed workplace environments. International Journal of Artificial
Intelligence in Education, 9, 159-177.

Grice, H.P. (1975). Logic of conversation. In D. Davidson & G. Harman (Eds.), The logic of grammar.
Dickenson.

Grundy, S. (1982). Three modes of action research. Curriculum Perspectives, 2-3, 22-34.

Holt, P., Dubs, S., Jones, M., & Greer, J. (1993). The state of student modelling. In J. Greer & G.
McCalla (Eds.), Student Modelling: The Key to Individualized Knowledge-Based I nstruction (pp. 3-
38). Springer-Verlag.

Johnson-Laird, P.N. (1983). Mental models: Towards a cognitive science of language, inference, and
consciousness. Cambridge University Press.

Katz, S., ODonnell, G., & Kay, H. (2000). An approach to analyzing the role and structure of reflective
dialogue. Int. Journal of Artificial Intelligence in Education, 11, 320-343.

Kay, J. (1995). The UM toolkit for cooperative user modelling. User Modeling and User-Adapted
Interaction, 4, 149-196.

Kay, J (1999). A scrutable user modelling shell for user-adapted interaction. Ph.D. Thesis, Basser
Department of Computer Science, University of Sydney, Australia.

Knowles, M. S. (1995). Designs for adult learning. American Society for Training and Development.

Kobsa, A. (1990). User modelling in dialogue systems: potentials and hazards. Al & Society, 1, 214-240.

Kalb, D.A. (1984). Experiential learning. Englewood Cliffs, NJ: Prentice-Hall Inc.

Kor, A.L. (2001). A computer-based learning environment for the exploration of buoyancy. PhD thesis,
University of Leeds.

Levin, J, & Moore, J. (1977). Diadogue games. meta-communication structures for natural language
interaction. Cognitive Science, 1 (4), 395-420.

Lund, K., & Baker, M. (1999). Teachers collaborative interpretations of students computer-mediated
collaborative problem-solving interactions. In S. Lgjoie & M. Vivet (Eds.), Artificial Intelligence in
Education - Open learning environments: New computational technologies to support learning,
exploration and collaboration (pp. 147-154). Amsterdam: IOS Press, Frontiers in Al and
Applications.

Mackenzie, J. D. (1979). Question begging in non-cumulative systems. Journal of Philosophical Logic, 8,
117-133.

McCalla, G., Vassieva, J, Greer, J, & Bull, S. (2000). Active learner modelling. In G. Gauthier, C.
Frasson & K. VanLehn (Eds.), Intelligent tutoring systems (pp. 53-62). Berlin Heidelberg: Springer-
Verlag.

McCoy, K. (1989). Highlighting a user model to respond to misconceptions. In A. Kobsa & W. Wahlster
(Eds.), User modelsin dialogue systems (pp. 233-253). Springer-Verlag, Berlin.

Milosavljevic, M. (1997). Augmenting the user’s knowledge via comparison. In A. Jameson, C. Paris &
C. Tasso (Eds.). Proceedings of the 6th International conference on User Modeling. Available on-
line from http://um.org.

Morales, R. (2000). Exploring participative learner modelling and its effects on learner behaviour. PhD
Thesis, University of Edinburgh.

Morales, R., Pain, H., & Conlon, T. (2000). Understandable learner models for a sensorimotor control
task. In G. Gauthier, C. Frasson & K. VanLehn (Eds), Proceedings of the 5th International
conference on Intelligent Tutoring Systems (pp. 222-231). Springer, LNCS.

Moraes, R, Pain, H., Bull, S. and Kay, J. (Eds.). (1999). Open, interactive, and other overt approaches
to learner modelling (Proceedings of the workshop at AIED 99). International Journal of Artificial
Intelligence in Education, 10, 1070-1079.

Paiva, A., & Sdf, JA. (1995). TAGUS - a user and learner modelling workbench. User Modeling and
User-Adapted Interaction, 4, 197-226.

Pilkington, R. (1999). Analysing educational discourse: the DISCOUNT scheme. Technical Report #99/2,
Computer Based Learning Unit, University of Leeds.

www.manaraa.com



Dimitrova

Rilkington, R., Hartley, R., & Hintze, D. (1992). Learning to argue and arguing to learn: An interface for
computer-based dialogue games. Journal of Artificial Intelligence in Education, 3(3), 275-295.

Ravenscroft, A., & Pilkington, R.M. (2000). Investigation by design: developing dialogue models to
support reasoning and conceptual change. International Journal of Artificial Intelligence in
Education, 11, 273-298.

Robertson, J., Good, J., & Pain, H. (1998). BetterBlether: The design and evaluation of a discussion tool
for education. International Journal of Artificial Intelligencein Education, 9, 219-236.

Sager, J. (1990). A practical coursein terminology processing. Amsterdam/Philadelphia: John Benjamin.

Self, J. A. (1990). Bypassing the intractable problem of student modelling. In C. Frasson & G. Gauthier
(Eds), Intelligent tutoring systems: At the crossroad of artificial intelligence and education.
Norwood, New Jersey: Ablex Publishing Corporation.

Sdf, J A, (1995). Computational mathetics. http://www.chl.leeds.ac.uk/~jas/cm.html.

Self, J. A. (1999a). The defining characteristics of intelligent tutoring systems research: ITSs care,
precisely. International Journal of Artificial Intelligence in Education, 10, 350-364.

Sdf, JA. (1999b). Open Sesame?: fifteen variations on the theme of openness in learning environments,
International Journal of Artificial Intelligence in Education (AIED99 Invited talk), 10, 1020-1029.

Siegd, S. (1956). Nonparametric statistics for the behavioral sciences. McGraw-Hill.

Singer, M. (1990). Psychology of language: An introduction of sentence and discourse processes.
Lawrence Erlbaum Assoc.

Sison, R., & Shimura, M. (1998). Student modeling and machine learning. International Journal of
Artificial Intelligence in Education, 9, 128-158.

Smith, J. (1998). Welcome to everyone's  ABC of accounting language
http://www.soc.staffs.ac.uk/~cmrjs/agloss.htm.

Soller, A.L. (2001). Supporting social interaction in an intelligent collaborative learning system.
International Journal of Artificial Intelligencein Education, 12, in press.

Sowa, J. (1984). Conceptual structures: Information processing in mind and machine. MA: Addison-
Wesley.

Sowa, J. (1991). Towards the expressive power of natural language. In J. Sowa (Ed.), Principles of
semantic networks explorations in the representation of knowledge (pp. 157-190). San Mateo,
California Morgan Kaufmann.

Stanford (1999). Sanford KSL Network Services Webster Gateway.
http://IWWW-KSL-SV C.stanford.edu:5915/WEBSTER/& sid=ANONY MOUS& user-id=ALIEN.

Stevenson, R. (1993). Language, thought, and representation. John Willey & Sons.

Thagard, P. (1992). Conceptual revolutions. Princeton University Press.

VanLehn, K., Siler, S., Murray, C., & Bagget, W. (1998). What makes a tutorial event effective? In: M.A.
Gernsbacher & S. Derry (Eds.), Proceedings of the 21st Annual Conference of the Cognitive Science
Society (pp. 1084-1089). Hillsdale, NJ: Erlbaum.

Vitanova, I.  (1999). English for Finance. Understanding money and  markets
http://www-it.fmi.unisofia.bg/larflast/internal /irena.html.

Walton, D. (1984). Logical dialogue games and fallacies. University Press of America, Lanham.

Whitney, P. (1998). The psychology of language. Houghton Milton Company.

Wong, L.H., Quek, C,, & Looi, C.K. (1998). TAR-2: a framework for an inquiry dialogue based tutoring
system. International Journal of Artificial Intelligence in Education, 9, 88-110.

Zapata-Rivera, J.,, & Greer, J. (2001) Inspecting and visualizing distributed Bayesian student models. In
G. Gauthier, C. Frasson & K. VanLehn (Eds.), Intelligent Tutoring Systems, Proceedings of I TS2001
(pp. 544-553). Berlin Heidelberg: Springer Verlag.

www.manaraa.com



