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Abstract— Research community is  increasingly

acknowledging that emotions play a crucial role in human
learning procedures. These observationshave led Artificial

Intelligence in Education during the last decadeto integrate
emotional factors into computerized learningsystems.If the
systemcan reason about the emotional state of a user from
the input that the systemreceives,appropriate content could
be displayedin a way adapted for the emotion or the mood
of the user. The aim of this paper is to provide a model for
applying individualized feedbackto a platform of multiple-
choice questionsin order to help students improve their
knowledgeand acquire a positive attitude towards learning.
For this purpose, we propose a model so as to provide a
measurement for the evaluation of student's mood with
respectto eachquestionthe studentis about to answer, and
determine the agent’s feedbacko the student.

Index Terms—affective learning systems,emotional agents,
emotion modeling, emotions and learning, individualized
feedback.

l. INTRODUCTION

Certain experiments [1]proposedthat the rational
ability is tightly connected toemotion. Basedn these
experiments, thebjective ofthe approach followed by
many researchers ithe creationof a computing system
capable of recognizing and expressing emotions.
Agentsableto simulateor procesemotional behavioare
thetype of agentghatwe would call emotional agents.

Faced with frustration, despairworry, sadness,or
shame, people lose accessto their own memory,
reasoning, andhe capacityto make connections [2]In
many casesstudents’ intellectual energiesd capacities
are weakened bynegativeemotional stateslntegrating
emotional agentsto computer-aided learningystemsn
orderto recognize student’'semoti@mdrespondn away
thatwill increasegpositiveanddecreaseegativeemotions,
couldsignificantly enhancéearning.

The student’s recognized emotional stagbould be
properly managedfrom the computer-aided affective
learning system, basedon pedagogical modelswhich
integrateour knowledge aboutmotionsandlearning.The
system would assesswhether the learning processis
developing ata healthy rate. If there is a positive
development, theystemshouldhelp the learnermaintain
this emotional statelf not, the systemshouldinducethe
learnerto anemotional statbeneficialto learning.

We developa platform of multiple-choice questions
aboutbasiccomputer knowledge. Tretudentsyusingthis
platform, will be able to improve their knowledge and

acquirea positiveattitudetowardslearning.Studentanay
be more relaxed when interacting with an agent, than
wheninteracting witha teacher sincethey canrepeatthe
learningmaterialwith their own pace[3]. The purposeof
this paperis to proposea modelin orderto provide a
measurement fothe evaluation ofstudent’s moodwith

respectto eachquestionthe studentis aboutto answer,
anddetermine thagent’'sfeedbado thestudent.

Il.  THE ROLE OFEMOTIONS IN LEARNING

One of the first researches wh@roposedthat the
rationalfaculty is stronglyconnected t@motionswas[1].
Basedon the work described in1], the objective of the
approach ofmany researchers ighe creation of a
computing systencapableof recognizing anaxpressing
emotions. Othehumanistic psychologists aretucators
[4], [5] have emphasized orthe role of emotionsin
learning. Recentaffective neuroscience angsychology
have reportedthat humanaffect plays a significant and
usefulrole in humanlearningand decisionmaking, asit
influences cognitive processes [4R]. However, the
extension ofcognitive theoryto explain and exploit the
role of affectin learningis in its infancy[7].

Severaltheoretical model®f learning assumedthat
learning occursin the presenceof affective states[8].
Henceforth, itis recognized thapositive and negative
emotional statesrigger different types of mental states
andthis can havean important influence oithe learning
process. The research community is increasingly
acknowledging anintense need for a comprehensive
theoryof learningthateffectively integrates cognitive and
affectivefactors[7].

Emotions cardisorderthinking andlearning.Research
has shown that happiness hasa positive effect on
learning, memory and social behaviour [9].Conversely,
negative emotional statessuch as anger and sadness,
have beenshownto have a negativeimpacton learning
and motivation [2]. Positive emotions such as joy,
acceptance, trusind satisfaction carenhancelearning.
On the contrary, prolonged emotional distres cripple
the ability to learn. It is well known that learning or
remembering something ia state of anxiety, angeror
depression cabedifficult for anyindividual [2].

However, negativeaffect initially focusesthe mind,
leading to better concentration [10]In situations ofan
urgent threat this is favourable, forit concentrates
processing powerupon the danger. When creative
problemsolving is necessary thiss unfavourable, foiit
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leadsto narrowtunnelvision [11]. Positiveaffectwidens
the thought processes, makinig easierto be distracted.
Whenthe probleminvolvesfocusing,positive affect may
interferewith the subject’s concentration, whereasen
the problemis treatedthrough creativethinking then the
results are optimal. Similarly, the proper amount of
anxiety or fear can help individuals to focus, for the
reason that anxiety focuses the mind, reducing
distractions. Itis when the negativeaffect is too strong
thatlearningtasksareinhibited[12].

I1l. TOWARDS COMPUTERAIDED AFFECTIVELEARNING

SYSTEMS

Accurately identifying dearner’s cognitive-emotional
state is a critical mentoring skill. Although computers
perform as well as or better than people in selected
domains, theyhave not yet risen to human levels of
mentoring. Evenif the presenceof technology isvery
obviousin computerized learningnvironments, itdoes
not, however, take into consideration theaffective
reactions experienced while using such learning
environments. Thesebservations havded Artificial
Intelligence in Education duringthe last decade to
integrate emotional factorsto computerized learning
systems. An essential condition for the suitable
management ofemotionsby a computerized affective
learning systemis the valid and convenient diagnosis of
theseemotions.

People’'s behaviowhile undertaking atask may be
affected by several factors such as personality, age,
experience, generakéducational background etd-or
example, experienced computer usargay be less
frustrated thamoviceusers. Similarly, oldepeoplemay
have different approaches innteracting withcomputers,
as compared toyounge people [13]. Thus, for the
purposeof analyzing theresultsof an empirical study, it
would be preferable ifuserswere categorized intseveral
groups, in order to take into account important
characteristics odachuserin the form of stereotypes. For
example, itis suggested [14]15], that the integration of
stereotypes iremotion-recognition systemmproves the
system’s accuracyStereotype -basemhterpretation takes
aninitial impression othe userandutilizesthis to build a
usermodelbasedn defaultassumptions [16Ftereotypes
offer supplementary evidencsupporting whetherthe
assessment afuser’'sfeelingss corrector incorrect.

The diversity amongindividuals showshat the same
circumstances maybe regarded as stressful by one
individual, butnot stressfuby anotherThisis akeyissue,
becauseit points that it is an individual's view and
interpretation oflemandgplaceduponthemthatprovokes
malfunction totheindividual, notthe demands themselves
[17]. We can help the individual to handle negative
expectations wheimteracting witha computer systerby
providing adequatefeedback. Positivefeedback can
influence and improve low self-esteem studentsn
believing thatthey can accomplish andearn from the
subjectmaterialthattheyfearedthe most[18].

Lastyear«we observea seriouseffort in orderto create
agentswith dialogic behaviors thatre basedon social
rules and lead to the achievement ofcommunication
objectives. Thesecharacters, inwhich is inherent the
significance oemotionandpersonality, aralsoknownas
embodied conversational agenfd9]. Due to the
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emergence obelievable andsocial agents,a humberof

computational modelsf emotionshave been proposed
within the agent’'s community. Thegoal is to have

emotional agentsvho will be able to recognize user’s
emotionandrespondin a way thatwill increasepositive

and decrease negative emotions, according tothe

objectives okachapplication.

EMOTIONAL AGENTS INCOMPUTERIZEDLEARNING
ENVIRONMENTS

V.

Therecognition ofuser’'s emotional condition mafay
a vital role to the amelioration ofthe effectiveness oé-
learning. The lack of recognition ofemotionshas been
considered asneof the mainlimits of traditional toolsof
e-learning. Whileexperienced teachecsan modify their
teachingstyle according tothe stimuli that they receive
from their studentsthe platforms ofe-learning ingeneral
are not capableof receiving feedbackom the students,
and as a result they becomeinadequate forlearning.
Although thepresenceof technology isvery obviousin
web-based learningenvironments, itis not, however,
taking into accountthe affective reactionsexperienced
while usingsuchlearningenvironments.

Actual computerized learningnvironments, whether
web basedor not, usually include a combination of
carefully structured hypertext, animations ata$t based
feedbackin a well-organised educational environment. In
addition, currentresearchaims to provide thesesystems
with the ability to recognize dearner’s emotional state
andactivatean appropriately tailoredesponse. Providing
individualised feedbaclccording tostudent’s cognitive
andaffectivestatehasbeenneglected untitecentlywhere
its valuehasbecomemoreapparenf20].

Results from conversational agentshowed that
anthropomorphism doesot constitute anadvantage,
unlessit is combined withsufficient expressive faculties
of discussion andhteraction [19].Concisely wecan say
thata“learning agent” isupposed to:

(1) Recognise theunningemotional statef theuser

(2) Recognise wheto intervene, irorderto changethe
user’'semotional state

(3) Produce the most optimal emotional statefor
learning.

Emotional agensystemsonsistof four components: a
methodfor interpreting stimul{input) whetherinternalor
externala computational modedf emotions thategulates
how emotionsare generated angnanaged, anode to
directagentbehaviour andctionsinformed byemotional
state,and a procesdor displaying emotional stati the
world (output)[21].

Thereis a variety of humanexpressions ircomputer
applications, howeverthese are limited in symbolic
gesturesasa meaningof handthat would meangreeting
and in expressions thatvould declareemotion, as is a
grin. Thus,in the planningof emotional agentshereis an
effort to developgesturesandexpressive characteristics in
connection tothe speech,so as to give naturalness to
discussions witlthe users.
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V. OURMETHOD

A person’s emotionsould be predictable iftheir goals
and perception ofrelevant events were known [22].
According tothe OCC model, joy and distressemotions
arise when a personfocuseson the desirability of an
eventin relationto his goals.The OCC modeldefinesjoy
asapersonpleasedvith a desirableevent,anddistressas
a person displeased with an undesirable event.
Implemented ina computational modelthis can be
achieved by using agents, artificial intelligence
techniques, reasoning ongoals, situations, and
preferences [23]For example,if the systemcanreason
aboutthe emotional statef a userfrom theinput thatthe
systemreceives,appropriate contentould be displayed
in away adaptedor the emotionor the moodof theuser.

Let us assumethat studentsemotional statewhen
interacting withthe systemis dependant ottheir success
whenanswering aetof predefined questions. #student
fails to give correct answersto a large number of
guestions therés a high possibility tobe exhausted from
negativefeelings.On the otherhand,if the studentgives
correctanswergsto almostevery question thereis a high
possibility to be positively aroused.We provide a
measurement fothe evaluation ofthe student’s mood
with respectto each questionthe studentis about to
answer usingthefollowing formula:

M(qg,r,w)=(r- w)q, 1)

whereM is student’s moody is the numberof correctly
answeredquestions,w is the number of questionsfor
which the studentgiveswronganswersandq is the total
numberof questions upo the currentpoint.

If the number of correctly answeredquestionsr, is
greaterthan the numberof wrongly answeredjuestions
w, thenM, i.e., student’s moodis a positivenumber asit
is derivedfrom (1), andthis indicatesthat the studentis
in a positivemood. On theotherhand,if the numberof
wronganswerds greaterthanthe numberof correctones,
M hasa negativevalue. In thiscasethe studentis in a
negative mood. When the two numbersr and w have
equal values, M equals zero, which implies a neutral
student’s mood.

It is remarkable in(1) that the quantity (r-w) is
multiplied by the parametenq. In this way we take into
accountthe fact that student’s moodiependsalsoon the
numberof the given questions. For exampléhe student
feels small pressurewhen he has answered thdirst 3
guestions wrongly,and proceedsto answer the next
guestiongiven that the total numberof questionss 100.
On the contrary, if the samestudenthad answered80
questions wronghand he was aboutto answerthe 92"
one out of 100 questions, therthe emotional pressure
would be much higher. The opposite would have
happened ithe studentwas aboutto answerquestion92
being aware of the fact that he had already given 80
correctanswers. In thigasethe studentwould certainly
be morerelaxed. Therefore, multiplying by, we try to
add the adequateemotional gravityto the good or bad
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record of the student,in proportion tothe number of
questions thetudenthasalreadyanswered.

The maximum valuethat M cantakeinto the system
according tq1) is:

maxv = qz, (2)

while the minimum valuethat M can take according to

Q)is:

minM =—(q?). 3)

Since, according to(3) and (4) we know the maximum
and minimum valuesof M, we canusea setof discrete
valuesin orderto approximate theealvalueof M. In this
way, each discrete value of input M is mappedto a
discreteoutputvaluewhich corresponds ta setof certain
actions the agent will perform as a feedbackto the
student.Thus, we can calculatethe agent’s feedbacko

the studentusingthe formulashownbellow:

feedback(M,L) = A, (4)

whereL is thediscretdevel to which M is assignedandA
is the action triggeredfrom the M, L pair. In orderto
provide the agent with a much richer and varying
behavior, wecanattachmorethanone possibleactionto
each M, L pair. These actions could be triggered
randomly orbasednthefrequency otheirappearance. It
would be preferable, ithe agentwouldn’trepeathe same
actionfor thesameM, L pair.

VI. CONCLUSIONS

Emotions have a great influence on learning
procedures. Therefore, computer-aided learrspstems
designed toenhanceusers’ learningexperience should
takeinto consideration affectivéactorsaswell. Towards
this direction it is important to develop intelligent
systems, which will integrate affect recognition and
emotional expression.

We aim to develop a platform of multiple-choice
questions aboubasic computer knowledge, iorder to
help studentsimprove their knowledge andacquire a
positive attitude towards learning. Based on previous
researchwe assumethat studentsemotional statevhen
interacting withthe systemhasto do with their succes®r
failure when answering thequestions. Weas well take
into accountthe fact that studentsnood dependsalsoon
the numberof the given questions. Ithe studentfails to
answertoo many questions therés a high possibility to
beexhausted frommegativefeelings.On the otherhand,if
the studentanswersalmosteveryquestionright, thereis a
high possibility to be positively arousedWe proposea
model in order to provide a measurement forthe
evaluation of student’'s moodwith respectto each
questionthe studentis aboutto answeranddetermine the
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agent's feedback tohe student. More specifically, the
approach consist®e giving an adequateeedbackto the
student’s currentood. This yields a methodthatis more
efficient than just applying a non individualized
emotional feedbaciswasdonein previousresearch.
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