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ABSTRACT

Researchinneurophysiologyandneuropsychologyhaveestablishedastrongdependencebetween
emotion,subjectivityanddecision-making.Otherwise,medicalobservationsareusedasoneofthe
maininputsofclinicaldecisionsupportsystems(CDSS)whicharedesignedtosupportpatientswith
chronic progressive diseases. However, these observations are influenced when confronted with
acriticalemotionalstateandtheyarelikelytobesubjective.Togenerateefficientresults,CDSS
mustbringthesesubjectiveobservationsclosertotherealitybyusingdatadescribingtheobserver’s
emotionalstate.Tosolvethisissue,theauthorsofthisarticleproposetoidentifythedependency
relationshipbetweenobservationsandemotions.Thentheyprovideasolutionthatmoderatesthe
patientandcaregivers’observationswithinamedicaldecisionsupportsystem,sothatitcangenerate
efficientresults.Finally,theyproposetwofuzzysystemstoadjusttheinfluenceofemotionalstate
on medical observation. These two systems make the medical observation closer to the current
conditionofthepatient.
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INTROdUCTION

Emotionsandaffectareresearchedinvariousscientificdisciplinessuchaspsychology,physiology
andcomputerscience(Sariyanidietal.,2015).Manyclinicalandbiomedicalstudieshavebeenusing
thedimensionalrepresentationandpredictionofemotions(Gunesetal.,2011).Theseindicatethat
affectivecomputinghasmaturedenoughtohaveapresenceandmeasurableimpactinourhealthlives.

Otherwise,computerqualities(memory,speed,computationalpower)emergedasapotential
resource for solutions to medical difficulties like those presented in (Chatterjee et al., 2017a;
Chatterjeeetal.,2017b;Chakrabortyetal.,2017).Ontheotherhand,severalcomputerizedsystems
ofmedicaldecision-supporthavebeendeveloped(Séroussi&Bouaud,2014).Thesesystemsusethe
characteristicsofindividualpatientsandmatchthemwithacomputerizedknowledgebaseinorderto
generatepatient-specificinformationintheformofrecommendations(Haynes&Wilczynski,2010).
Thepatient’scharacteristicscanbeeithertestvaluesormedicalobservations.Amedicalobservation
isusefulforadiagnosisconstruction,patient’ssupportelaborationandinformationtransmission.
In the caseof progressive chronic condition, thepatient or his entourage (i.e., familymembers,
caregivers)canwriteamedicalobservation,sincehe/shelivesindomesticconditions(Gaugleretal.,
2008)andiscaredforprimarilybyhisfamilymembers.TheseobservationswillbeusedinClinical
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DecisionSupportSystems(CDSS)asoneofthemaininputs.Basedontheseobservations,CDSS
willreasonandgivemedicalrecommendations.Consequently,itisveryimperativetoverifyand
evaluatetheproximityoftheseobservationstothereality.Indeed,caringforalovedone,particularly
aparent,aspouse,orachild,isespeciallydifficultashe/sheisfacedwiththedeclineoftheperson’s
cognitiveandphysicalcapabilities.AccordingtoBagnaraetal.(2010)“thehealthcaredomainis
oneofthemostemotionalcontextswherehumanfactorscanbeapplied”.Duetothelonghoursthat
healthcareprovidersoftenspendwiththepatient, theobservationscouldbestronglyinfluenced
byemotions(Killgoreetal.,2006).Therefore,emotionscaninfluencethepatientandcaregivers’
observations.Theseobservationsareusuallysubjectivedata,whichmaycauseanover-estimation
orunder-estimationofthepatients’symptomseverity(i.e.,observation).Thisissueofestimation
requiresfurtherimprovementoftheCDSS,becauseitmayinfluencethedecisionsabouttreating
patients’symptoms.

In the literature, several recent works emphasized the determination of emotions from
physiologicalsignals.Sinceacomprehensiveoverviewoftherecentdevelopmentsinthefieldisoutside
thescopeofthispaper,wehavelimitedourselvestothreehighlightsinordertoillustratethecurrent
state-of-the-art.Theauthorsof(Malkawi&Murad,2013)usedfuzzysetstorepresentemotions,and
fuzzyrulestorepresentmappingsfromfourteenmeasurablehumanfactorstotwenty-twodifferent
emotions.Theauthorsof(Quesada-Tabaresetal.,2017)usedadevicecalledNeuroskyMaindwave
device,whichhasasingleelectrode toacquire theEEGsignal.TheyalsousedMatlabsoftware
andamodelersoftwarecalledIBMSPSS,whichprocessandclassifythesignalsrespectively.The
authorsof(Zhuangetal.,2017)introducedamethodforfeatureextractionandemotionrecognition
basedonempiricalmodedecomposition.Theseworksusedpsychophysiologicalsignalstodetermine
theemotionalstateoftheperson.However,tothebestofourknowledge,thereisnoworkthathas
dealtwiththeadjustmentofsubjectivemedicalobservations.Therefore,inthispaper,emotionsare
modeledsothatsubjectiveobservationscanbeidentified.Onceidentified,subjectiveobservations
mustbeadjustedtobecomeclosertothereality.Then,twofuzzysystemsareproposed,thefirstfor
theidentificationandthesecondfortheadjustment.

Thispaperisstructuredasfollows:inthenextsection,abackground,whichpresentsemotionand
fuzzylogicfundamentals,isprovided.Then,wedescribeseveralworksthatdealwiththedetermination
of“valence”and“arousal”dimensionsfromphysiologicalsignals.Thecontributionsandsomeresults
areshowninthefollowingsection.Finally,conclusionisputforwardinthefinalsection.

BACKGROUNd

Emotion Representation
Kleinginna(1981)definesemotionsas“acomplexsetofinteractionsbetweensubjectiveandobjective
factors,mediatedbyneural/hormonalsystems,whichcangiverisetoaffectiveexperiences,suchas
feelingofarousal,pleasure/displeasure;generatecognitiveprocesses,suchasemotionallyrelevant
perceptualeffects,appraisals,labellingprocesses;activatewidespreadphysiologicaladjustmentsto
thearousingconditions;andleadtobehaviourthatisoften,butnotalways,expressive,goal-directed,
andadaptive”.

Representingemotionsisproposingaformalismconsistentwiththeexistingpsychologicalresults,
whileallowingasimplemanipulationofemotions.Inthiscontext,theauthorsofScherer(2000),
Fontaineetal.(2007)andGrandjeanetal.(2008)proposedadescriptionofthreemajoremotion
representationapproaches:categorical,dimensionalandappraisal-basedapproach.Twoapproaches
aredescribedinthispaper:(1)discretecategoriesrepresentedbyaverballabeland(2)dimensional
emotionsrepresentedbyaposition,orasetofpositions,inaspacedefinedbycontinuousdimensions.
Inthenextsection,bothoftheseapproachesarepresentedindetail.However,theappraisal-based
approachisnotpresented.Inthistheory,emotionsareextractedfromeventevaluationsthatcause
specific reactions for different people. Therefore, these emotions are considered after the event
evaluation.Infact,appraisalsarecognitivecausesofemotionsthatgivemeaningtoeventsandtheir
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