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ABSTRACT

Emotionmodelinghasgained attention for almost twodecadesnowdue to the rapidgrowthof
affectivecomputing(AC).ACaims todetectandrespondto theend-user’semotionsbydevices
andcomputers.Despitethehardeffortsbeingdirectedtoemotionmodelingwithnumeroustriesto
builddifferentmodelsofemotions,emotionmodelingremainsanartwithalackofconsistencyand
clarityregardingtheexactmeaningofemotionmodeling.Thisreviewdeconstructsthevagueness
oftheterm‘emotionmodeling’bydiscussingthevarioustypesandcategoriesofemotionmodeling,
includingcomputationalmodelsanditscategories—emotiongenerationandemotioneffects—and
emotionrepresentationmodelsanditscategories—categorical,dimensional,andcomponentialmodels.
Thisreviewdealswithapplicationsassociatedwitheachtypeofemotionmodelincludingartificial
intelligenceandroboticsarchitecture,computer-humaninteractionapplicationsofthecomputational
models,andemotionclassificationandaffect-awareapplicationssuchasvideogamesandtutoring
systemsapplicationsofemotionrepresentationmodels.
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INTRodUCTIoN

Emotionshaveaneffectiveimpactonbiologicalagent’sbehaviorandcognitiveprocesses,suchas
decisionmaking,attention,andmemory.Nevertheless,thereisnoscientificagreementonacommon
definitionofemotionsduethedifferentviewpointsofhowtounderstandemotionsandthecomplexity
ofthehumanemotions.Onthecontrary,thereisanagreementonasetofemotions’characteristics
includingemotionshavinganeuralinfrastructureandemotionsmotivatecognitionandactionaswell
asrecruitresponsesystems.Emotionscanbedividedintotwotypes,namelybasicemotionsand
dynamicemotionsoremotionsschemas(Izard,2009).Basicemotionsareknownasemotionswithold
neurobiologicalsubstrates,capacityforexpressive,andanevolvedfeelingcomponent(Izard,2007).
Although,dynamicemotionsareknownasemotionswithhigherordercognitionanddynamicinterplay
(Izard,2007).Thetermemotioningeneralincludesbothbasicemotionsanddynamicemotions.

Acriticalfeatureofemotionsistheirmultiplemodalities.Emotionscanbeviewedacrossfour
modalities, includingbehavioral/expressivemodality, somatic/physiologicalmodality,cognitive
/ interpretivemodality,andexperiential /subjectivemodality.Behavioral/expressivemodalityis
themostfamiliaroneassociatedwithexpressiveandaction-orientedcharacteristics,suchasfacial
expressions,speech,gesturesandbehaviorchoices(Hudlicka,2008).Thesomatic/physiological
modalityisresponsibleforbehaviorandcognition.Thecognitive/interpretivemodalityisfrequently
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usedintheappraisaltheories,thebaseofemotiongenerationmodels,aswillbediscussedbelow.
Emotionshavesignificantimpactsonbiologicalagents;asemotionscontrolthesurvivalbehaviors,
andhumanbalance, theyalsoenableadaptivebehavior indifferentenvironments,suchassocial
behavior.Anadditionalaspectofemotionsisthetheoriesofmotivations,whichcanbecategorizedas
threedifferentviewpoints,namelyphysiological,neurological,andcognitive.Neurologicaltheories
proposethatthebrainactionsresultinginemotionalstates.Physiologicaltheoriessuggestthatthe
humanbodyresponseswhichresultinginemotions.Thelastviewpointintermsofcognitivetheories
andsuggestthatthoughtsandothermentalactivitiesisthemotivationoftheemotions.

Manytheorieshavebeenproposedinthelasttwocenturiestoaddressthenatureofemotionsand
whyweexperienceemotions.OneofthemostfamousstudieswasreportedJames-Langetheoryin
1884whodefines“whatisanemotion?”,histheoryproposedthatbodilyactivityproducesemotion
nottheopposite.Laterin1927,CannonBardcriticizedJamestheory,wherehedeniedthatthebody
cangenerateemotions,basedon the slowofvisceral changes, and theiroccurrence inbothnon
emotionalandemotionalstates.AnadditionaltheorywasLazarustheorythatstatesthatthoughts
mustcomebeforeanyemotions,thereforeyoumustfirstthinkaboutyoursituationbeforeyoucan
experienceanemotion(Gendron,2009).

Lately,severeattentionwasdirected toward thestudyofemotionsespeciallybecauseof the
appearanceof “AffectiveComputing” term (Broekens, 2010).AC is trend tohave an emotional
human-computerinteractioninwhichthecomputerorthedevicewillbeabletodetectandrespond
totheend-user’semotionswhichfinallyleadstoamoreuseful,enjoyableandspecialexperiencefor
theuser(Zohora,2016)(Tian,2018).Forasuccessfulaffectivecomputing,therearethreeprocesses
tobedone,namelyemotionrecognition,emotionelicitationandtheemotionalbehaviorgeneration.
TheemotionsrecognitionabilitycanbeconsideredasthecrucialevaluationoftheACsystemas
the right emotion detection serves the effectiveness of human-computer communication (Yang,
2019);consequentlyhugeattentionispaidtowardtheemotionrecognitionprocess(Maria,2019).
Inaddition,emotionrecognitionhasapplicationsinmanyfieldsassocialsecurity,healthcare,safe
drivingandhelpadvertisersandcontentcreatorstoselltheirproductsmoreeffectively.Emotion
recognitionmethodscanbedividedintotwocategories:Emotionrecognitionfromphysicalsignals
suchasspeech,gesture,andfacialexpression,whichiseasytocollectbuthasadisadvantageof
unreliability.Theothermethod is theemotionrecognitionusingphysiologicalsignals, including
Electroencephalogram(EEG),Electrocardiogram(ECG),Electromyography(EMG),GalvanicSkin
Response(GSR),Temperature(T),andRespiration(RSP).

Foremotionrecognition,emotionsshouldbeaccessedanddefinedclearlyasanapplication
ofemotionmodeling.Emotionmodelinggainedhugeattentionforalmosttwodecadesnowwitha
numberofstand-alonemodelspresentedbyseveralresearchers,butinspiteoftheseeffortsemotion
modelingstillaproblematictopicduetothelackofclarityregardingtheexactmeaningofemotion
modeling.Thereareanumberofdefinitionsofemotionmodeling;itmaybedefinedas“thedynamic
generationofemotionviablack-boxmodelsthatmapspecificstimuliontoassociatedemotion”.Itcan
mean“modelingtheeffectsofemotionsondecision-makingandbehaviorselection.Itcanalsomean
generationfacialexpression,gesturesormovementsdepictingspecificemotioninsyntheticagentor
robot”.Additionalimpedimentisthelackofrulesguidingthedesignprocessandstandardsavailable
toguidethemodelingprocessinadditiontofewtoolsexisttosupportefficientmodeldevelopment
whichmakethemodelingappearsasanartwithfewknownrules(Hudlicka,2008).

Emotionmodelingcanbedividedintotwomaincategoriesofcomputationalmodels,namely
emotiongenerationandemotioneffects.Eachcategoryhasanumberofcomputationaltasksnecessary
tobeimplementedwillbeexplainedlaterinthisreview.Identificationofthesetasksisafinestep
to develop of more efficient rules guiding emotion modeling and to compare between different
modelsandtheirusefulness.Emotionmodelscanalsobeclassifiedgivenonitspurposetotwomain
categories:appliedmodelsandresearchmodels.Inthecaseofappliedmodels,itaimstoregulatethe
behaviorofrobotsandgamingcharacters,andimprovehuman-computerinteraction.Ontheother
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