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Abstract: — Almost half a century intelligent tutoring systems have been developed towards imitating the
learning process of a student and a tutor interaction in a one-to-one tutoring situation. However, the gap for this
kind of systems still exists in showing the adaptation skills possessed by human-tutors, particularly, the systems
lack emotional intelligence. The paper presents conceptual architecture of agent-based affective tutoring system
for the simulation of human-tutors’ and students’ interaction using multi-agent approach for representation of
involved parties. Such simulation would allow assessing the effectiveness of selected teaching approach on
student’s emotional state, behaviour, and learning progress. Since ontologies play an important role in the agent
interaction, the design and usage of knowledge structures necessary for ITS functioning including emotion
ontology are considered in this paper as well.
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1 Introduction However, students have different personalities,
In recent years, information and communication characteristics, rjflflOlS, knowledge _background,
technology has become an important part of preferences, learning styles, and emotions that can
educational systems. Intelligent tutoring systems influence his/hers  learning. From the tutor’s
(ITSs) are intended to support and improve the perspective, his personality, the way of teaching,
learning process in certain problem domain, appearance, etc. can affect an efficiency of teaching

and learning process as well. But how to know,

considering student’s knowledge and individuality : i ' )
which will be the most effective tutor’s personality

as in “one-t0-one” tutoring. At the same time, ITSs

can be considered as knowledge-based systems and a way of teaching for particular student to
possessing domain knowledge, knowledge about positively influence student’s emotional state,
techniques for student modeling, and pedagogical motivation, interest, behavior, and learning
knowledge regarding teaching strategies. However, progress? To answer this question, the simulation of
an explicit representation of knowledge necessary human-tutors” and students” interaction using multi-
for ITS functionality is still a challenging task. agent system (involving tutor agents and student
In the end of 90’s, a new field started to evolve — agents) is proposed in this paper to test different
affective computing (AC) which was aimed at teaching ways, different teaching ~material
building computer systems able to determine user’s representation methods, etc. _
emotions and respond accordingly [1]. Developers The structure of the paper is as follows. Section 2
of intelligent tutoring systems also started to provides a short description of _mtelllgent tutoring
incorporate AC ideas in the behavior of these systems and the usage of agents in the development
systems due to close relationship between emotions of ITSs, as well as the role of emotions in the
and learning. This can be considered a starting point learning process is explained and different ontology
of new ITSs generation — affective tutoring systems models describing emotions are discussed. In
(ATSs) able not only to support the learning process Section 3, some issues regarding tutoring adaptation
but also to recognize student’s emotions, respond to to student’s emotions are discussed and a conceptual
them by adapting tutoring process, and show architecture of agent-based affective tutoring system
emotions of the tutoring system itself using is introduced to simulate human-tutor and student
animated pedagogical agents. interaction. Finally, conclusions and future research

directions are given at the end of the paper.
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2 Related Work

We have divided the related work into three
subsections. First part gives a brief description of
intelligent tutoring systems and their architecture, as
well as explores suitability of multi-agent approach
for the development of ITS’s components and
explains ontology role in the context of multi-agent
systems and agent interaction. Second part focuses
on the existing problems regarding ITS’s adaptation
capabilities, particularly, on the lack of emotional
intelligence. Third part reviews different ontology
models describing emotions for the further usage in
the agent-based affective tutoring system.

2.1 Intelligent Tutoring Systems, Agents,

and Ontologies

Intelligent tutoring systems are adaptive computer

systems based on the theory of learning and
cognition. ITSs emulate a human-tutor and provide
benefits of one-on-one tutoring. ITSs are intelligent
systems because their architecture and functionality
are typically based on principles and methods of
artificial intelligence. Such systems allow providing
more natural learning process by adapting a learning
environment (content, feedback, navigation, etc.) to
the characteristics of a particular student.
Adaptation is possible because of traditional
architecture and incorporated knowledge that

include [2]:

e a student diagnosis module collecting and
processing information about the student
(his/her learning progress, problem solving
behavior, psychological characteristics, etc.)

and a student model that stores this
information;
e a pedagogical module responsible for

implementation of the teaching process and a
pedagogical model storing teaching model and
strategies;

e a problem domain module able to generate and
solve problems in the problem domain and a
domain model storing knowledge what must be
taught to the student;

e an interface module managing interaction
among the system and the student through
different devices.

The modern approach in the field of artificial
intelligence is related to an agent paradigm [3].
Many systems for learning purposes have adopted
agent paradigm to explore the interaction and
dynamic changes related to the learning and
teaching process. Agents are able to simulate
adaptive behavior, respond to changes, plan, predict,
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reason, learn, and operate in dynamic environments.
The common practice is to combine several agents
in a single system as a result forming a multi-agent
system where agents interact and cooperate together
to reach goals that single agent would not be able to
achieve alone. Taking into account agent
capabilities, multi-agent architecture is appropriate
for development of ITS due to the following
reasons: [2]:

e ITS plans the learning process and
communication with the student;
e ITS performs multiple, different tasks,

including student’s monitoring and reacting to
his/her  behavior, student’s  knowledge
assessment, choosing of learning material and
tasks, provision of feedback and help,
adaptation of teaching strategies, etc.;

e system’s behavior and operations are changing
with each student’s action in ITS and the
system must demonstrate reactive behavior;

e system collects information about the student
and must consider his/her  cognitive,
psychological, and affective characteristics in
order to adapt the learning process;

¢ the system architecture is composed of several
components where each of them has a set of
quite independent functions. However, all
components must interact in order to achieve
the common goal — adapted tutoring for a
particular student.

An interaction between agents is a defining
characteristic to reach previously mentioned ITS’s
goal. One of the ways to initiate and maintain
interaction among agents is their participation in
communication that enables agents to base their
decisions on more complete knowledge of overall
situation. Effective interaction and communication
among agents requires three fundamental and
distinct components [4]: a common language; a
common understanding of the knowledge
exchanged; the ability to exchange whatever is
included in the first two components. An explicit
representation of knowledge is an essential task to
ensure ITS functionality and usage of domain
knowledge, knowledge about the student, and
pedagogical knowledge related to teaching
strategies and methods for domain knowledge
transfer. In the context of multi-agent systems,
ontologies play an important role in agent
interaction by providing shared representation of
domain knowledge and concepts that agents need to
use during the communication. Ontology typically
consists of hierarchical arrangements of the classes
describing the major concepts in the domain and
subclasses corresponding to more specific concepts
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under a particular class. Furthermore, the properties
of the classes and subclasses (description of the
features and attributes) can be specified together
with all relevant restrictions [5].

In the field of intelligent tutoring systems,
ontologies appeared in Japan in the mid-90’s [6].
The literature analysis shows that ontologies in ITSs
have been applied for different purposes. In some
ITSs, ontologies are used for all ITS’s components
to provide formalization of all necessary knowledge,
however, the more common approach is the usage
of ontologies in only one (or two) of components.
The most frequently ontologies have been
developed to represent problem domain within ITSs
[7, 8, 9]. Regarding pedagogical knowledge,
ontologies are used to describe teaching strategies
and tactics [10], learning theories [11], learning
objects, e.g. learning objective, teaching method,
delivery type, assessment type, and assessment
outcome [12], recommend personalized learning
content [9]. The information about the student is
also represented using ontologies within ITSs [13,
14]. Also for the representation of the ITS interface
or communication module, interface ontologies have
been proposed [9, 15].

2.2 Intelligent and
Emotions

As mentioned at the beginning, the ITS-based
learning process is very similar to the process when
a student and a tutor interact in a one-to-one
situation, which, according to Benjamin Bloom
[15], is an ideal condition for learning. Therefore, an
effective intelligent tutoring should simulate what
good human-tutors do when implementing
individualized instruction. Although it is considered
that developed ITSs are capable to adapt teaching
process similar as human-tutors do, there is still a
gap between perfect adaptation skills and current
developments. The main reason for this gap is
considered the ITS’s lack of an emotional
intelligence [17]. It is important to add that
understanding emotions is quite a complicated
process even for humans because each emotional
state has its own reasons and current emotions may
affect person's further behavior. However, tutors can
evaluate emotional states of the student with a rather
high reliability on the basis of facial expressions,
body language, tone of voice, and speech content.
Consequently, experienced human-tutors can adapt
the teaching process taking into account the
student's knowledge level, emotional state, and
behavior during learning.

Tutoring  Systems
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Previous studies have shown that emotions can
influence various aspects of human behavior and
cognitive processes, such as attention, long-term
memorizing, decision making, understanding,
remembering, analyzing, reasoning, and application
of knowledge in task solving [18, 19]. Emotional
states such as confusion, curiosity, interest, flow,
joy, boredom, frustration, and surprise have become
particularly relevant in learning and can influence
student’s problem solving abilities and even leave
impact on willingness to engage in the learning
process, as well as they can affect motivation to
learn [20]. As a result, the field of affective (or
emotionally intelligent) tutoring systems started to
evolve by integrating ability to recognize student’s
emotions and to respond to them by adapting
tutoring process and showing emotions of the
tutoring system itself using animated pedagogical
agents into the traditional intelligent tutoring system
[21].

Functionality of affective tutoring systems
requires inclusion of not only already previously
listed knowledge regarding students, problem
domain, and pedagogy but also a common
representation and understanding of emotions. In
terms of agent-based ITSs, an explicit emotion
representation enables agents to imitate possible
student’s reactions during the learning process and
to express them to pedagogical agents (tutors).
Pedagogical agents, in turn, can recognize reason
and act on emotions by changing tutoring situation
accordingly, adapting pedagogical activities, as well
as expressing its own emotions. Emotion ontology is
discussed in the next section as knowledge
representation scheme used in the development of
agent-based affective tutoring system.

2.3 Emotion Ontology

Wide spectrum of different ontology models
describing various emotions have been developed
during the past years. The models vary from point of
view of formalization, underlying psychological
theory and abstraction level. The meaning of
emotion in spite of long research and heated
discussions is still very vague and as a result there is
no consensus of what emotions really are. As [22]
notes, in the field of affective computing the lack of
common understanding of emotions’ nature often
leads researchers to choose definition which fits for
a specific task. Therefore, many propositions of
emotion description have been introduced.

From the psychology perspective there are two
main directions regarding origin of emotions: the
bodily feelings (supported by feeling theories) and
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cognition (supported by appraisal theories) [23].
Most of existing ontology models support one
particular theory which belongs either to feeling or
appraisal theories, or try to connect both directions.
The significant amount of work has been dedicated
to the creation of generic ontology that does not rely
on single emotion theory but instead organizes
emotions on a higher level. A very solid step
towards such ontology is EMO (Emotion Ontology)
- one of the richest and most generic knowledge
structures which classify a lot of emotions
independently from any emotion theory [23]. The
EMO ontology is based on BFO (Basic Formal
Ontology) upper ontology which defines general
terms and OMD (Ontology of Mental Diseases)
ontology which describes basic terms regarding
human mental health. The HEO also is a generic
ontology; however, it takes a different approach
[24]. Instead of reorganizing concepts so that they
would not confirm any particular theory HEO
describes most of the popular emotion theories. In
addition, a lot of effort has been put to create
generic ontology for more specific purposes, such as
EmotionsOnto for the description of emotion
responses [25].

As mentioned before, there are ontology models
which are based on one emotion theory and serves
for one task. Psychological theories come from
inherently non-formal science so they are not
formalized very well or are not defined formally at
all. In contrast, computer science tends to formalize
everything. This has led to the fact that some
psychological theories that are formalized, e.g.,
OCC model (categorizes emotions into three classes
depending on elicitation factor [26]) or PAD model
(allows assigning numerical value to every emotion
using three coordinates: Pleasure, Arousal,
Dominance [27]), are used a lot — mostly because it
is easy to use these models rather than them being
the best or the richest.

One of examples for such task ontology is OLA
which uses OCC-based ontology to predict student’s
emotions during test [28]. The Japanese Emotion
Ontology is based on PAD model and can be used in
creating realistic interactive characters [29]. There
are also some ontology models that consider several
basic emotions (the most used theory of this kind is
Ekman’s theory according to which six basic
emotions exists: anger, sadness, joy, disgust,
surprise and fear [30]). For example, in [31] four
emotion theories are combined to categorize all
emotions into 8 groups for sentiment analysis in
Twitter. In [31], basic emotions are also used
together  with  application-specific ~ secondary
emotions. The EmMOCA ontology is based on two
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factor theory which maps primary emotions onto
secondary emotions and belongs to previously
mentioned feeling theories [33]. Two of the latter
developments are created for affective context
analysis.

From the formal point of view, most of ontology
models are strictly formal with rather well defined
classes and properties, such as EMO [23] or
EmotionsOnto [25]. In [24] various emotion
theories are connected via properties. Most of
ontology models have been described in OWL [34]
which is Semantic Web standard for knowledge
formalization. Some models, such as EmOCA [33],
are described using RDF - another standard used for
data exchange on web [35]. Japanese Emotion
Ontology extends OWL by using EmotionML
which is special markup language for description of
emotions [36].

By researching various models of emotion
ontology, it can be concluded that structure and
formalization level of emotion ontology differs
depending on the task and domain. Emotions are
complex mechanisms thus there is no consensus on
one psychological theory for emotion emergence.
Since different needs regarding semantics and
formalization of emotions for various tasks exist, it
is doubtful that there can be common application
ontology for all systems. Different needs emerge
due to several reasons which have no connection to
ambiguity of emotion. First of all, for some
domains, rich model of emotions does not make
sense, e.g., in emotion detection from facial
expressions it is technically impossible to
distinguish small nuances, while for others, such as
believable human simulation, ability to model
various emotional details is crucial. Secondly, for
some tasks it is needed to categorize emotions by
basic emotion (i.e., define synonyms), while for
others it is more important to infer new knowledge
(i.e., the cause of emotion) from the ontology.

In the context of affective tutoring systems,
emotion ontology should be adapted to learning
purposes. Since learning process is closer to the
second type of tasks (inference of new knowledge),
ontology can serve as a mean for understanding
emotion causes so that ATS could take actions to
adapt tutoring situation to student’s emotions.

3 Agent-Based Affective

System

In this section, main challenges regarding tutoring
adaptation to students’ emotions are discussed, as
well as a conceptual architecture of agent-based

Tutoring
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ATS for the interaction simulation between human-
tutors and students is designed. Simulation is used
for the assessment of selected tutoring style on
student’s emotional state and learning progress
before system’s use in real conditions. Emotion
ontology is used as one of components to represent
common knowledge between agents.

3.1 Adaptation lIssues in Affective Tutoring
Systems

Currently, many ITSs are rebuilt to include
capabilities for the emotion recognition, emotion
modeling and tutoring process adaptation [37, 38,
39], however, greater focus has been directed to
detection and classification of student's emotions.
Thus, relatively little attention has been paid to a
problem how to adapt tutoring to a student's
emotional state [40, 41].

Providing students with cognitive and affective
support is generally recognized as an important
condition for successful learning. Nevertheless,
more research is needed that would allow to explain
how both types of support may be included in
tutoring strategies and how to implement them in
ITSs as part of the pedagogical module.
Traditionally, the pedagogical module is ITS
component that imitates the human-tutor and
determines appropriate tutoring strategies, adapts
the tutoring process (chooses the next topic and its
presentation type, tasks to solve and their difficulty,
type of assistance and feedback, etc.) depending on
the curriculum, student’s cognitive needs, and
abilities. Moreover, this module plans and manages
interaction with the student [42].

It should be noted that there is no "one-size-fits-
all" strategy in tutoring because students have
different  personalities, characteristics, needs,
knowledge background, preferences, learning style,
etc., as well as emotions that can influence his/hers
learning [43]. In [44] authors have even found that
students with different learning styles prefer
different pedagogical support when learning in a
one-to-one educational environment. Therefore
every student should have different tutoring
approach that would allow ensuring the knowledge
acquisition and maintenance of the optimal
emotional state for the particular student. Many
ITSs make decisions that are inappropriate for the
student in terms of their profile, personality and
emotional characteristics (due to inconsistencies in
the presentation style, an inadequate level of content
or strategy to address tutoring situation) thus
negatively influencing student's performance during
the learning [12].
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3.2 Conceptual Architecture of Agent-Based
Affective Tutoring System

In general, multi-agent systems offer several
benefits which are useful in the development of long
term adaptive systems. Affective tutoring system
can be considered as a long term adaptive system if
it follows students during several courses rather than
few tasks within one learning session. In this case, a
system has to model student in a believable manner
as well as store the previous knowledge structure
and behavior of the student. First of all, multi-agent
approach allows building a dynamic and easily
changeable system (several students and tutors can
be added). Secondly, students’ agents are
autonomous units which are able to “experience”
emotions and exhibit student-like behavior. This
property enables student simulation before content
adaptation for a real student. Finally, in a system
with clearly defined roles (e.g. several students and
corresponding tutors) the agent mechanisms allow
the design of the system to be more intuitive [45].

To support both emational and cognitive aspects,
the architecture of multi-agent based affective
tutoring system is proposed that includes shared
emotional ontology between pedagogical agents and
student agents (see Fig.l.). Adaptation of the
tutoring process is planned through the creation of
personalized emotional pedagogical agent for the
particular student (student agent) based on student’s
characteristics. Each student learns better with
particular type of tutors because they also have their
own personality, the way of teaching, appearance,
etc., that can affect an efficiency of teaching and
learning process [46].

Usage of the agent-based system allows
simulating human-tutors and students as an
interaction between agents where each agent
represents a tutor or a student. Similar idea
regarding student simulation within ITS has been
expressed also in [47, 48], however, student’s
emotional state is not considered as an important
factor during the agent interaction. In our proposed
system, the simulation of agents’ interaction will be
used to evaluate the effectiveness of selected
pedagogical agent and its teaching approach (used
tutoring strategies) on student’s emotional state,
behavior and learning progress. Thus the planned
multi-agent agent-based affective tutoring system
will be implemented as a simulation system to carry
out experiments needed to test different teaching
methods, techniques and pedagogical approaches,
different learning material representation techniques
and different ordering of material contents to see
how these decisions affect behavior of student’s
agent.
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Fig.1. Conceptual architecture of multi-agent based affective tutoring system

The system will consist of two types of
intelligent agents: student agent and tutor agent. The
interface and domain knowledge module will be
implemented as passive components without
complex reasoning capacity. Design of multi-agent
systems is usually organized into two levels,
namely, a micro and macro level [45]. Generally, a
micro level consists of the development of
individual agent architecture, reasoning processes,
etc., while design of a macro level is concerned with
the development of agent inclusion into one system,
i.e., communication protocols and semantics for
common understanding. We propose to split the
knowledge structure of the system into micro and
macro levels which means that there are some
common knowledge, such as emotions ontology,
and some private knowledge for each agent. In
Fig.1, components that hold knowledge are colored
grey.

We wanted for the system to be as non-invasive,
as possible, however, although there are some ideas
for student emotion assessment from action history
in [28] we found that the model acquired from
similar methods is too simple for generating
believable behavior. Also, the model acquired from
facial expression recognition allows focusing
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mainly on the so-called basic emotions. A few
attempts have been to model more complex
emotions, however, the accuracy level is still
considered to be too low [49]. We propose to use
Self-Assessment Manikin (SAM) [50] which would
be based on self assessment of the student after a
task or block of tasks. SAM can be then mapped on
PAD model — the idea and method for linking both
models is described in [51]. After that, PAD model
can be mapped on OCC as a result acquiring (a)
particular emotion and (b) the reason of the emotion
which can be inferred from OCC. The mapping of
both models is used in ALMA — a layered model of
affects implemented on virtual student and tutor
[52]. The bodily feelings are not considered, as we
only have inputs from human-computer interface.

Shared emotion ontology should be used so that
both involved parties (student and tutor) would
understand the emotions of each other.
Understanding student’s emotions and eliciting
factors of student’s emotions, would allow tutor
agent to learn and as a result adapt better. Partly
usable ontology for our case might be the one
described in [28] as long as a suitable inference
mechanism for our task is developed.
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Also, none of emotion ontologies allows
reflecting personality type of an agent and how the
personality type influences emotions. For modeling
student’s personality, we propose to use Five-Factor
Model (or OCEAN model) [53], which is commonly
used model for creating personality for agents (see,
e.g., [54]). Personality will be formed as a
combination of OCEAN parameters, for this
purpose a test have been developed [55]. The test
will be used to start working with the system, later
on correcting personality according to the history of
student’s actions.

According to the determined student’s
personality, an appropriate pedagogical agent will
be selected with the initial personality, behavior,
and teaching style that influence agent’s reasoning
mechanisms. There are defined some tutor’s
instructional roles (e.g., mentor, tutor-expert,
motivator, etc.) in [46] to examine the effectiveness
of specific agent design features on learning
outcomes. However, there is no clear understanding
regarding functionality of various tutor roles as well
as a link between student’s personality and tutor’s
role [56].

The simulation and decision making will be done
in reasoning mechanism. The main task of student
reasoning mechanism is to generate emotion and
according behavior. During agent interaction,
emotional responses, behavior and reasoning
expressed by student’s agent will be used as a
feedback for the tutor’s behavior adaptation,
including changes in assigned initial personality,
teaching style, emotional characteristics, etc. Tutor
reasoning mechanism will have following tasks: (1)
to distinguish between simulated and real response
from the student, (2) to choose appropriate tutoring
strategies, (3) to determine whether the results
acquired from student’s agent are satisfactory.

4 Conclusion
In the paper, intelligent tutoring systems and their
architecture are shortly described, as well as a multi-
agent approach in the ITS development is discussed.
Currently, an assumption is that there still exists a
gap for ITSs regarding adaptation skills and
capabilities possessed by human-tutors, particularly,
the lack of emotional intelligence. Therefore, the
influence of emotions on the learning is explained
and different ontology models describing emotions
are reviewed to analyze their possible usage in the
ATS development.

The interaction simulation between tutor and
students using multi-agent approach (involving
pedagogical agents and students’ agents) is
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proposed to evaluate the effectiveness of different
teaching strategies, teaching styles and different
sequences of teaching material on student’s
emotional state, interest, knowledge acquisition,
behavior and learning progress. Emotion ontology is
included as one of the additional system’s
components to improve ITS adaptation skills and
incorporate  common understanding of emotions
between agents. A multi-agent approach allows
building a dynamic and easily changeable system as
well as simulating students as autonomous agents
with ability to “experience” emotions and
demonstrate student-like behavior. This property
enables simulation of a tutor and a student (and their
interaction) before tutoring adaptation to a real
student thus allowing assessing the effectiveness of
pedagogical agent’s behavior.

Future work will be focused on a detailed design
of agents’ architecture and interaction mechanisms,
including development of agents’ functionality,
behavior and communication principles using
interaction protocols. In addition, an ontology-based
hierarchical structure of pedagogical model will be
developed to ensure dynamically adapted tutoring
process based on students knowledge and emotions.
Pedagogical ontology will be built to represent
domain-independent pedagogical knowledge
covering concepts related to content planning,
delivery planning and tutoring decisions considering
also emotional factors. Development of such
ontology will contribute to the creation of general
purpose ATS shell that can be used for teaching
different problem domains.

Currently, the emotion acquisition is proposed
based on student’s self-assessment, his/her
personality analysis and interaction with the system.
However, after successful simulation of a tutor and
a student interaction, emotion detection step can be
extended through integration of sensors for affective
data acquisition, e.g. facial expressions. This
improvement would contribute to the development
of less intrusive affective tutoring system for the
student.
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