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Abstract. This paper describes the Mediating Agent, an animated
pedagogical agent inserted in a computational system for distance
learning, which has the goal of motivating the student to learn as well
as promoting a positive mood in the student, which is more appropri-
ate to learning. In order to accomplish its function, the agent should
recognize the student’s emotions to respond appropriately. Thus, it
catches some information from observing the student’s behaviour in
the interface of the educational system, which allows it to infer the
student’s affective states according to the cognitive approach of emo-
tion. This information is stored in an affective model and it is used
so that the agent may choose an affective pedagogical tactic to be
applied.

1 INTRODUCTION

Many educational systems have been implemented as animated ped-
agogical agents [3] [11] [12] [19] due to their motivational poten-
tial. The animated pedagogical agents are tutoring agents that use
multimedia resources to provide the student with a lifelike character
that has characteristics similar to those of intelligent alive creatures.
These characteristics, such as facial expressions, gestures and under-
standing of human emotions, with a good dialogue interface with the
user, turn the agents more attractive to the students since they explore
more lifelike modes of interaction. Animated pedagogical agents of-
fer great promise to increase the communication capacity of educa-
tional systems [11], to amuse the student [3] and to increase these
systems’ ability of engaging and motivating the students [13].

On the other hand, psychologists and pedagogues have pointed out
the way that emotions affect learning [9] [20] [24]. According to Pi-
aget [20], it is incontestable that the affectivity has an accelerating or
perturbing role in learning. A good part of the students that are weak
in mathematics, fails due to an affective blockage. Coles [5] suggests
that negative emotions can impair learning; and positive emotions
can contribute to learning achievement.

This way, some educational systems have given attention to gen-
eration of emotion in pedagogical environments (emotion expression
and emotion synthesis) [13] [14] [19] and to the student’s emotion
recognition [6] [7] [15], pointing out the richness presented in affec-
tive interaction between student and tutor.

In this paper we present our proposal to handle student’s emotions3

in a educational system: a cognitive animated pedagogical agent, the
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Mediating Agent, which has the goal of motivating as well as pro-
moting a positive mood in the student which is more appropriate to
learning. We believe that the student can experience a more positive
feeling through the exposure to emotional behaviour and encourage-
ment messages sent by the Mediating Agent. In order to accomplish
its function, the agent should recognise the student’s emotions to re-
spond appropriately. Thus, it catches some elements from the obser-
vation of the student’s behaviour at the system’s interface and then
infers her/his affective state according to the cognitive approach of
emotion, more precisely the OCC model [18]. This information is
stored in an affective model and the agent uses it to choose a ped-
agogical tactic to be applied. We call this pedagogical tactic an af-
fective tactic (for instance, increasing the student’s effort, congrat-
ulating), because it adapts the system to the student’s emotions. As
we decided to express the affective tactics in 2 modalities (speech
and behaviour - that we call emotive behaviour), we chose to repre-
sent the Mediating Agent as a lifelike character that interacts with
the student through messages, speeches and emotive animations.

This work finds its place in the branch of Affective Computing
area that studies the affectivity in Human Computer Interaction in
which researchers are mainly interested in adapting the system to the
user’s affectivity. The systems that are part of this branch have the
capacity of recognizing user’s emotions [6] [7] [15] and expressing
emotions [13] [14] [19] (by text and speeches, and gestures of lifelike
characters). This is the case of the Mediating Agent since it identifies
the student’s emotions (recognize) in order to adapt the learning to
the student’s affectivity by presenting emotive gestures and messages
(emotion’s expression).

Although some systems have already integrated emotions into an-
imated pedagogical agents [7] [13] [14] [19], the main goal was to
turn these agents more believable4 with the capacity of expressing
emotions. In our system, we intend that the agent’s emotions be used
as affective tactics that aims at motivating and encouraging the stu-
dent, and promoting a positive mood in the student which is more
appropriate to learning (see section 2). And in order to know the ap-
propriate moment to act and which tactics to apply, Mediating Agent
also recognise the student’s emotions.

In the next section we describe the role of the emotions in learn-
ing. In the following sections we describe how the Mediating Agent
recognises the student’s emotions and the affective tactics applied
by it. Finally, we present the conclusion and perspectives for future
works.

2 EMOTIONS AND LEARNING

Psychologists and pedagogues’ investigations show that positive
emotions have a positive effect on learning. Coles [5] points out some
links between learning and emotions. For example, poor learning can

4 It provides the illusion of life and then allows the suspicion of disbelief [4].



produce negative emotions; negative emotions can impair learning;
and positive emotions can contribute to learning achievement and
vice versa. Izard’s works [10] show that induced negative emotions
cause performance problems on cognitive tasks, and positive emo-
tions have an opposite effect. Besides, Coles [5] considers that as a
teacher can contribute for development of student’s cognitive abil-
ities, s/he can also assist the emotional development of the child
through guidance and support. As Coles points out: ”Fear of fail-
ure may be changed to feelings of self-confidence; motivation may
change from low to high; intellectual insecurity may become confi-
dence in one’s intelligence. These transformations can occur through
a teacher’s scaffolding and guidance in the formation of new emo-
tional states a learner can achieve and sustain by her/him- or herself”
[5, p. 4]. We believe that this role of an affective tutor which cares
about student’s progress in learning, and chooses the appropriate af-
fective tactics in order to promote positive emotions in the student
which are better for learning can be performed by the Mediating
Agent.

3 THE STUDENT’S EMOTIONS
RECOGNITION

In order to accomplish its function, the Mediating Agent must recog-
nise the student’s emotional states to respond appropriately. For ex-
ample, when the student is disappointed with her/his performance,
s/he will probably give up the task. The agent needs to know when
the student is disappointed in order to encourage her/him to keep on
studying and accomplishing the task.

The Mediating Agent catches the student’s emotions by her/his
observable behaviour, i. e., the student’s actions in the system’s in-
terface. Some examples of observable behaviour are: the success or
failure in the execution of an exercise and ask for help. We chose
this method because it seems the most natural way for the student to
interact with the educational system. The student’s emotion recog-
nition by her/his observable behaviour has been adopted by other
researchers, as shows the Martinho’s work [15] for an educational
game.

We model the student’ssatisfactionanddisappointmentemotions
according to the OCC model [18], which is based on the cogni-
tive theory of emotion, and may be implemented computationally.
The OCC model provides information about the cognitive evaluation
(called appraisal) that a person does and which elicits each one of the
22 emotions cited in [18]. This way, if we know students’ appraisal,
we can determine their emotions. This approach was also used by [6]
and [15] for educational games.

According to the OCC model, emotions of satisfaction and dis-
appointment are elicited when events of the world that already hap-
pened are evaluated (appraised) according to their desirability with
respect to the user’s goals [18]. Thesatisfactionemotion arises when
one is pleased about the confirmation of a desirable event and dis-
appointment when one is displeased about the disconfirmation of the
prospect of a desirable event. Figure 1 presents a scheme that illus-
trates the appraisal for the satisfaction and disappointment emotions.
So, what we want to do is verify when an event of the educational en-
vironment is desirable for the student (according to her/his goals) and
when the student is pleased because this desirable event happened or
displeased because it did not happen. This way, we need to define
the events that can happen in the educational system, the user’s goal
(to know if the event is desirable or not) and how we are going to
classify an event as pleasant or not.

First, we defined the events that can arise in the educational sys-

Figure 1. Scheme representing appraisal for satisfaction and
disappointment emotions

tem. Some examples of events are: the student did not accomplish
the task; the student provided a wrong answer for the exercise; and
the student asked for help (due to space limitation, we just cite some
examples of events).

Second, we need to determine the student’s goals in order to ver-
ify the desirability of the events (see Figure 1). According to Ames
[2], in an educational situation, students can havemasteryor perfor-
mance goals, which are the reasons for students to engage in learn-
ing. Students who have alearning/mastery goalare oriented towards
developing new skills and abilities, trying to understand their work,
improving their level of competence, and learning new things. When
students have aperformance goalthey believe that performance is
important and they want to demonstrate that they have abilities [2].
They feel successful when they please the teacher or do better than
other students, rather than when they understand something new. In
order to identify the student’s goal orientation we use the Motivated
Strategies for Learning Questionnaire (MSLQ) [21], that is a self-
report instrument. It is based on a cognitive view of motivation and
learning.

Third, once we know the events that can arise in our educational
system and the student’s goal, we can determine the desirability of
the events and also when the student is pleased/displeased with an
event. This process is necessary to infer the student’s appraisal. This
way, we classified the student’s pleasure/displeasure for each one of
the events according to what we know about students who have mas-
tery or performance goals. With this information, we can determine
the student’s emotion in our system.

Our work differs from others that infer student’s emotions in edu-
cational games [6] [15] because we propose a methodology to infer
student’s emotions (which are also determined by their goals accord-
ing to the OCC model) in an educational environment that is domain-
independent (it was built for teaching any domain of subject). So,
differently, the events that can happen and the student’s goals are not
so well defined as in an educational game.

Once the agent knows the student’s emotion, it chooses the affec-
tive tactics to be applied. The affective tactics promote actions that
aim at adapting the system to the student’s emotions. These tactics
can be: (1) emotive behaviour presented by animations of the life-
like character; and (2) domain-based tactics (for example, the agent
can decide to present an easier exercise when the student is having
difficulties in order to increase the student’s confidence and to show
her/him that s/he is able to resolve the problem). Based on studies
about affectivity and learning [5] [16], we defined the tactics that are
applied by the Mediating Agent. In the next section, we address these
affective tactics.
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4 THE AFFECTIVE PEDAGOGICAL TACTICS

The pedagogical tactics employed by the system are divided in affec-
tive tactics and tactics for performance and competence. The tactics
for performance and competence promote actions that give support
to the student in the learning of concepts and of the domain. These
tactics are decided by the Diagnostic Agent, another agent of the ed-
ucational system. The affective tactics are chosen by the Mediating
Agent. In some cases, a conflict between the affective tactic (pro-
posed by the Mediating Agent) and the tactic for performance and
competence (decided by the Diagnostic Agent) can happen. In this
case, the Mediating Agent carries out a new reasoning in a way that
it reaches an affective pedagogical tactic that doesn’t conflicts with
the tactic for performance and competence. If it verifies that the tactic
for performance and competence is not adapted to the actual affective
state of the student, it will communicate with the diagnostic agent in
order to propose an effective pedagogical tactic in the intellectual and
affective point of view.

What we propose in this work is to improve the communication
of the user and agent by considering student’s affectivity and by ap-
plying affective tactics which aims at engaging and developing in the
student a positive mood more propitious to learning, as a teacher does
in a real class. We believe that the Mediating Agent can do it by pre-
senting positive emotional behaviour and encouragement messages
to the student, besides positive feedback to student’s performance in
the course.

As the student’s emotions are also determined by her/his achieve-
ment goals (mastery or performance), we opted for applying affec-
tive tactics that consider the student’s goal orientation, besides stu-
dent’s emotions. For example, students who have performance goals
usually do not make many effort, they think that they have low abil-
ity when they fail and enjoy receive rewards. For these students, the
agent seeks to encourage them to make more efforts and to show that
they have ability when they fail, and praise them when they have
success. The students who have mastery goal are more oriented to-
wards learning subjects in which they are interested. For these stu-
dents the agent seeks to arouse their curiosity for learning a subject
and fulfilling exercises. Table 1 shows examples of affective tactics
for one event (in the current version of Mediating Agent’s prototype,
there are tactics for 14 events). The student can feel disappointment,
or satisfaction emotions, or neither, that is represented by NE. Each
affective tactic is composed by a verbal (message) and a physical
(action) behavior, which are respectively represented by VB and PB
in the table. When the student who hasmastery goal feels disap-
pointed because s/hedid not accomplish correctly the task (Sce-
nario 1), the agent presents an empathic face gesture showing that
it understands the difficulties that the student is experiencing. As a
mastery-oriented student usually does great efforts, the agent just of-
fers a specific help to the student to help her/him to accomplish the
exercise. The student who hasperformance goalfeels disappointed
because s/he think that s/he is not able to accomplish the task when
s/he fails (Scenario 2). And s/he usually does not do greater effort
when s/he has difficulties, because s/he thinks that it means lack of
ability [16]. This way, the agent presents a message for increasing
student’s beliefs about her/his self-ability and says to the student that
s/he is able to carry out the task with a little more effort.

When themastery goal oriented studentis satisfied because s/he
accomplished a task with success(Scenario 3), the agent shows to
her/him the new ability s/he acquired, since the student is motivated
to learn new things, to improve. If the event is indifferent to her/him
(Scenario 4), the agent shows the new abilities the student acquired

Table 1. Examples of Affective Tactics

Event Intrinsic Motivation Extrinsic Motivation

Not
correct
task
answer

SCENARIO 1
Disappointment:
1) Recognize-student-effort
VB: Recognize-student-effort;
PB: Empathic
2) Offer-help
VB: Offer-help;
PB: speak

SCENARIO 2
Disappointment:
1) Increase-self-ability
VB: Increase-self-ability;
PB: Encouragement;
2) Increase-student-effort
VB: Increase-student-effort;
PB: Speak
3) Offer-help
VB: Offers-help,
PB: Speak

Correct
task
answer

SCENARIO 3
Satisfaction:
1) Show-New-Skills
VB: New-skill;
PB: New-skill

SCENARIO 5
Satisfaction:
1) Congratulate-Student
VB: Congratulation;
PB: Congratulation;

SCENARIO 4
NE:
1) Congratulate-Student
VB: Congratulation;
PB: Congratulation;
2) Show-New-Skills
VB: New-skill;
PB: New-skill

to foster her/his motivation and congratulate the student in order to
her/him notice the new ability s/he acquired. The student who has
performance goalis always satisfied with success in tasks(Scenario
5), because it means a proof of ability to her/him. In these cases, the
agent congratulates strongly her/his performance to maintain her/his
motivation since these students need tutor’s appreciation.

In our system, we use a mentalist approach to implement the affec-
tive student model and the affective diagnosis. The proposed agent
is implemented as a BDI (Belief, Desire and Intention) agent. The
BDI [22] approach is based on describing the internal processing
of the agent through mental attitudes - belief, desire and intention,
which represent information, motivational and deliberative state of
the agent. For the implementation of the cognitive agent, we will use
the modelling and developing system of BDI agents, named X-BDI
[17] that makes possible to implement the cognitive structure of a
BDI agent, called ”cognitive kernel”. In our work, the X-BDI was
used as tool for implementation of the agent’s kernel cognitive be-
cause it turns easier the developer’s work since it allows to specify
the behavior of the agent in a high level of abstraction. But we be-
lieve that other approaches could also be used as, for example, rules
[23].

For example, let us see how the X-BDI cognitive kernel selects
the affective tactics for theScenario 2, previously presented in Table
1. The student has performance goal (extrinsic motivation) and he is
disappointed because he provided a incorrect response to the exer-
cise. Thecognitive kernelreceives the following information from
the agent’s sensors:

current_time(2),sense(student_goal(performance),1).
current_time(3),sense(event(not_correct_answer),2).

So, the agent activates the desire ”applytactics”. As it is the only
available desire, it is elected to the agent’s intention.

/* The Mediating Agent desires to apply a determined
tactic if it chose a tactic. */

des(agent,apply_tactics(Tactic),Tf,[0.6])
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if bel(agent,choose_tactics(Tactic)).

/* the cognitive kernel sends the chosen tactic to
the Body module, which will apply the tactic */

act(agent,send_tactic(Tactic)) causes
bel(agent,apply_tactics(Tactic))
if bel(agent,choose_tactics(Tactic)).

The Mediating Agent infers the student’s emotion through the fol-
lowing believes:

bel(agent,
event_pleasantness(not_correct_answer,displeased))
if bel(agent,student_goal(performance)),

bel(agent,event(not_correct_answer)).

bel(agent,student_emotion(disappointment))
if bel(agent,

event_pleasantness(Event,displeased)).

The student’s emotion is disappointed because the performance
oriented student is displeased since it provided anot correct answer
to the exercise.

Finally, the agent chooses the tactics to be applied through the
believes showed below. Once it chose the affective tactic, it can ac-
complish the action of sending the tactic to the Body module. As this
action is the restriction for the elected intention to be satisfied, the
agent’s intention of applying an affective tactic is realized.

bel(agent,
choose_tactics(increase_student_self_ability))

if bel(agent,student_emotion(disappointment)),
bel(agent,event(not_correct_answer)),
bel(agent,student_goal(performance)).

bel(agent, choose_tactics(increase_student_effort))
if bel(agent,student_emotion(disappointment)),

bel(agent,event(not_correct_answer)),
bel(agent,student_goal(performance)).

bel(agent, choose_tactics(offer_help)) if
bel(agent,student_emotion(disappointment)),
bel(agent,event(not_correct_answer)),
bel(agent,student_goal(performance)).

Each affective tactic is presented by an agent’s physical and ver-
bal behaviour. These kinds of behaviours are presented in the next
section.

5 THE CHOICE OF EMOTIVE AND
ANIMATED BEHAVIOUR AND SPEECHES

In our system, the animated behaviours of the character are stored
in a database of speeches and behaviours. The agent chooses a be-
haviour, that can be verbal or physical or both, to be presented from
this database. This implementation is very similar to the Space of
Behaviours” used for the generation of animated behaviour in the
Cosmo Agent [12]. As in Cosmo, the animated behaviour of the
agent is not generated dynamically by 3D graphical algorithms (like
Steve [11]), but it is selected from a database of behaviour.

The Mediating Agent’s Architecture is basically composed by 2
modules: (1)Mind: responsible for the affective recognition and di-
agnosis; and (2)Body: which is composed by the Communication
Module (responsible for the communication with other agents of the
society), and Module for Presentation of Behaviour (responsible for
presenting the physical and verbal behaviour - that are the affective
tactics).

The Mind Module sends a message that contains the type of be-
haviour to be presented to the Body Module. For example, the Mind

Module desires to present a behaviour of offer help”. It must inform
the action’s type (verbal or physic) and the behavior’s type (saluta-
tion, tutoring, help, etc).

First, the message is received by the ”Module for Presentation of
the Behaviours and Speeches”. It randomly chooses a behaviour of
the required type (generally, the mind module sends a physical and
verbal behaviour together). In order to choose the behaviours arbi-
trarily, the agent stores in the database the time that each behaviour
was accessed for the last time. So, if the behaviour chosen was one of
the last ones presented, the agent chooses another. For each tactic the
agent has more than one behaviour to be presented. This is important
to the agent be believable [4], i. e., more realist and less monotonous.

After the agent has chosen a behaviour, it will compose the
JavaScript code that will make the Microsoft Agent [1] move the
agent.

The Microsoft Agent has already some characters to be used like
Merlin and others. After a study with psychologists, we opted for
designing our own character, since we did not find a character that
matched the specified characteristics. The animated character, called
PAT (Pedagogical and Affective Tutor), is a female with entire body.
It has brown eyes and long hair, it wears jeans pants and a coloured
shirt and it is approximately 30 years old, because the goal is to
represent a young, extrovert and informal character. For the agent’s
speeches we use the Microsoft Speech API as voice synthesiser. Al-
though the Microsoft technologies used in the character’s implemen-
tation depends on the operational system, we opted for this software,
because it offers a package for developing animated agents easy to
implement and with good aspects of interface. It is out of the scope
of this work to present the graphical implementation of the animated
character. But the system supports the character implementation in
other implementation languages. For characters that work in a sim-
ilar way the Microsoft Agent, it is only necessary to replace the
JavaScript on the Optional Field of the Database by the code of the
language used. For characters in 3D environments (like Steve), it is
necessary to create a component of communication between the Me-
diating Agent’s Action Module and the environment responsible for
generating the movements of the character.

It generates an HTML page with the JavaScript code for the
agent’s movements and present it in the student’s browser. The
browser reads the HTML page and sends the code to the Microsoft
Agent (installed in the user’s machine) that will present the behaviour
determined in the code.

For example, suppose that for the tactics cited in Table 1, the Mod-
ule for Presentation of Behaviour chooses the following character’s
actions:

For theScenario 1cited in Table 1 - The student that has mas-
tery goal is disappointed because s/he accomplished incorrectly an
exercise: The agent recognises student’s effort so that it shows the
behaviour in Figure 2. After, it offers help to the student. An exam-
ple of behaviour of offer help is showed in Figure 3.

Suppose now theScenario 2cited in Table 1 - the student is disap-
pointed because s/he accomplished incorrectly an exercise, but s/he
is performance-goal oriented. Then the agent says, ”You’re a winner!
Remember all yours previous success!” (as a message for increasing
the student’s self ability) and after says, ”I know that you can strike
your troubles! Keep trying!” and shows the agent fighting boxing
(see Figure 4). Afterwards, the agent offers help to the student.

In the Scenario 3 in Table 1, the agent congratulates the
performance-oriented student because s/he is satisfied by the success
in the task. The behaviour of Figure 5, which represents the agent
winning a race and being applauded, is showed.
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Figure 2. Examples of
behaviours for the tactic

”Recognize student’s effort”

Figure 3. Examples of
behaviours for the tactic

”Offer help”

Figure 4. Examples of
behaviours for the tactic

” Increase student’s effort”

Figure 5. Examples of
behaviours for the tactic
”Congratulate student”

We cited above some examples of behaviours that the agent can
show to the student as an affective tactic. By the moment, we have 60
verbal and physical behaviours. So, for the same scenarios presented
in this section, the agent can choose other different behaviours in
order to be believable.

6 CONCLUSION

In this paper we presented a pedagogical agent responsible for infer-
ring the student’s emotions and presenting to the student emotive be-
haviours that aim at promoting a positive mood in the student, more
suitable to learning. Our group is interdisciplinary and we had the
support of psychologists in decisions related to student’s emotions
recognition and to the choice of the affective tactics.

The Mediating Agent is already implemented and we already de-
signed by the moment 60 physical and verbal behaviours that com-
pose the affective tactics. The database of behaviours is yet in expan-
sion. In this article we presented some examples of these affective
tactics and the behaviours that compose them.

As the educational system where the Mediating Agent is inserted
is not yet implemented, we made a partial validation of the Mediat-
ing Agent and its affective tactics. In this validation we presented
some scenarios and the respective affective tactics to pedagogues
and psychologists expert in education. With this partial validation we
reached our goal that was to demonstrate that the affective tactics are
appropriate according to these psychologists’ and pedagogues’ point
of view. When the educational system is completely implemented,
we intend to accomplish another validation with a virtual class of
undergraduate students.
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