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1 Intr oduction
Writing a multidisciplinarybookis a risky business.Someexpertsarelikely to befiercelycritical
becauseof omissionsor errors. Otherswith tunnelvision arelikely to missthe point. Rosalind
Picard,with considerablecourage,addressesabroadcollectionof themes,including:

� Thenatureof motivation,emotionsandfeeling.
� Thedetectionof emotionalandotheraffectivestatesandprocesses.
� Thenatureof intelligenceandtherelationshipsbetweenintelligenceandemotions.
� Thephysiologyof thebrainandotheraspectsof humanphysiologyrelevantto affectivestates.
� Requirementsfor effectivehuman-computerinterfacesin awide rangeof situations.
� Wearabledeviceswith a rangeof sensingandcommunicativefunctions.
� Philosophicalandethicalissuesrelatingto computersof thefuture.
� A brief encounterwith theology.

Thisisabookwith aboldvision. Somereaderswill find it inspiringandmind-stretching.Some
will find it irritating. Somewill havebothreactions.It givesmany pointersto thevastliteratureon
emotions,includingusefulrecentmaterial,e.g.booksby LeDoux,GolemanandDamasio.

The book rangesover themesof varying depth. The main deepthemeconcernsthe nature
of intelligenceandthe role of emotionsin intelligence,which I discussbelow in section6, after
commentingonsomeof thesimplerthemes.

2 Ubiquitous computing and sensing
It will increasinglybefeasibleto installsensorsandcomputingdevicesin furniture,in walls,in car
seats,in drivingcontrols,in clothing,in jewelryandevenin implants.Soit will bepossibleto have
a wide rangeof sensors,processorsandtransmitters,constantlymonitoring,analysing,recording,
andtransmittinginformationaboutone’sbloodpressure,temperature,bloodsugarlevel, muscular
tension,andmany otherphysiologicalstates.Someof thesedevices,suitablyhidden,couldalso
monitorvariousaspectsof the environment,includingotherpeople. Thusevenyour friendsand
colleagueswill easilybe ableto recordyour conversation,your facial expressions,andperhaps
with remotesensorsyourmusculartension,temperature,sweating,etc.

Picardbelievesthatsuchmachinescanlearnto predictour reactions,andusesuchpredictions
to inform us of risks andopportunities(“You’d really like that film ...”). Shearguesthat such
deviceswill increasinglybeableto measureandcategoriseemotionalandotheraffectivestates,so
asto helpuscomprehendwhat is goingon in ourselvesandothers. (TheNew ScientistNo 2135
23rdMay 1998(p. 11) reportsonaJapanesedevicewhichpurportstell youwhatapetor infantis
trying to communicate!)



Somepeoplemay be alarmedby the prospectof being“spied on” by machines.Although
Picardwarnsaboutethicalissues,sheapparentlywelcomestheuseof emotiondetectorsin awide
rangeof contextsandrelationships(e.g. teacherandpupil). Thefinalchapter, in particular, suggests
that computingdeviceswill help us chooseour moodmusic,decidewhich scenesto recordfor
our photo-albums,andfind out aboutexhibitions,playsandothereventslikely to suit our tastes.
Reactionsto thisprospectwill differ widely. Many will dislike theideaof usingremotedevicesto
tell themwhich moodto expectin their spouse:it will strike themasan improperintrusion. On
theotherhand,thereprobablyaresomecoupleswho,having foundbedroomceilingmirrorstame,
will relishmutuallyinformativeintimatesensors.

If I wereapilot or abusdriver I mightaccepttheright of my passengersto insistonmy being
wired up soasto minimisetherisk of disastersdueto my falling asleepat thecontrolsor having
a heartattackwhile in control. But I would not wanta computerlinkedto suchsensorsto select
musicfor me,andI have no wish to usesuchdevices,especiallyhiddendevices,to tell mewhat
my wife, my colleagues,or my studentsarefeeling,or to inform themof what I amfeeling. I’d
preferusall to becomemoresensitive. Othersmayhaveadifferentview.

This discussionbegsthedeeperquestion:cancomputationaldevicesreally beusedto detect
emotions,asclaimed?Yes:asubset,emotionswhichproducecharacteristicpatternsin measurable
physiologicalstates. How such“sentic modulation” (definedon p.25) might be producedand
detectedis discussedat lengthin Chapters5 and6. I’ ll arguebelow thatthiswill notwork for most
sociallyimportantemotions.

3 Communication and affect
The book makes an importantclaim which is relevant to AI researchon communicationand
teaching,namelythat the ability to detectandinfluenceaffective statesin othersis importantin
humancommunicationandwill benecessaryfor machinesto interacteffectively with humans.I
agreewith this, andmadesimilar claimsin (Sloman1992). However, I amnot surethemethods
proposedby Picardwill beveryeffective.

Canemotionsberecognisedonthebasisof physiologicalchanges?Chapter6 describesaffect
recognition“as a patternrecognitionproblemandaffect expressionaspatternsynthesis”(p.165).
Suchpatternscanbemeasuredby deviceslikephysiologicalsensorsandcamerasrecordingfacial
expressionor posture.“Despiteits immensedifficulty, emotionrecognitionis easierthanthought
recognition”It is easier“largelybecausetherearenot asmany emotionsasthoughts”(p.167).

Picard’sdiscussionmaygivesomereaderstheimpressionthatall emotionsessentiallyinvolve
measurablephysiologicalresponsesi.e. senticmodulation.However this is trueof only a subset
of emotions,asexplainedbelow. Moreover, many emotionsinvolve thoughtcontentsandthey are
no lessdiversethanthoughts.You can,in principle,beafraidof, hopefor, pleasedaboutalmost
anythingthatyoucanbelieveorexpect.Mostof theemotionspeopleareinterestedin areconstituted
largelybytheircontentsandthecontentsof emotionsarealsothecontentsof thoughts.Evenif there
area few physiologicallydetectableuniversalcategoriescoveringall emotions(happy, sad,angry,
etc.),which I doubt, it won’t be muchuseknowing that your spouseis happy without knowing
whetherit is happinessaboutyour promotionor abouta messagefrom a secretlover. Measuring
senticmodulationwill not in generalanswersuchcrucialquestionsabouthumanemotions.

4 Ambiguity in the conceptof “emotion”
It hasbeenclear for a long time (Arnold 1968) that the word “emotion” hasno uniqueand
clear meaning. A proliferationof definitionscan be found in philosophicaland psychological
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literature. It might thereforebe wise to avoid discussingwhethercomputerscanhave or detect
emotions.Alternatively, wecanintroducenew technicallydefinedtermsandusethose.Thisisbest
doneusingarchitecture basedconcepts:startingfrom anarchitecturewe canderive the typesof
statesandprocessesthearchitecturecansupport(Simon1967;Sloman1992;Wright et al. 1996;
Sloman1998). Animalsor machineswith differentarchitectureswill not bedescribablein those
terms.On thisbasiswecandistinguishprimaryandsecondaryemotions.

4.1 Primary emotions
Humanbrainshave many componentswhich are evolutionarily old. Someare responsiblefor
“animal” emotions,e.g. being startled, frozen with terror, sexually aroused,or nauseated.
Information from perceptualsystemsfed to a fast patternrecognitionmechanismcan rapidly
triggermassiveglobalchanges.Suchmechanismsapparentlyincludethebrainstemandthelimbic
system(Goleman1996;LeDoux1996).Engineerswill appreciatetheneedfor fast-actingpattern-
basedglobal “alarm” mechanismsto ensurethat anagentreactsappropriatelyto importantrisks
andopportunities(Sloman1998).

Damasio(1994)callsthese“primary emotions”(pp131-4),asdoesPicard.Theseproductsof
ourevolutionaryhistoryarestill oftenuseful.Becausethey involvephysiologicalreactionsrelevant
to attacking,fleeing, freezing,and so on, sensorsmeasuringphysiologicalchanges(including
postureandfacialexpression)candetectsuchprimaryemotions.

4.2 Secondaryemotions
Primaryemotionsmaybelessimportantfor civilisedsocialanimalsthancertainsemanticallyrich
affective statesgeneratedby cognitive processesinvolving appraisalof perceived, or imagined
situations.Thesearereferredto by Damasioas“secondaryemotions”,anddescribedby Picard
on pp 35–6,63–4. They can ariseonly in an architecturewith mechanismsfor processessuch
asenvisaging,recalling,planningandreasoning.Patternsin suchprocessescantrigger learntor
innateassociationsin the“alarm” systemwhichcauserapidautomaticevaluationstobeperformed.
Possibleeffectsinclude:
(1) Reactionsin the primary emotion systemincluding physiologicalchangese.g. muscular
tension,weeping,flushing,smiling. Thesecanproducea characteristic“feel”, e.g. “a flush of
embarrassment”,“growing tension”,etc. (Try imagininga surgicaloperationonyoureyeball.)
(2) Rapid involuntary redirection of thought processes(compare(Simon 1967; Sloman and
Croucher1981)).
It is notalwaysappreciatedthateffectsof type(2) canoccurwithouteffectsof type(1).

4.3 Two typesof secondaryemotions
Damasioconjecturesthattriggeringby thoughtcontentsdependson“somatic-markers”whichlink
patternsof thoughtcontentswith previouslyexperiencedpleasuresor painsor otherstrongfeelings.
Suchtriggeringenablessecondaryemotionsto playanimportantroleby directingandredirecting
attentionin dealingwith complex decisions(Damasiopp. 174–5). Picardalso believes that
secondaryemotionsalwaystriggerprimarymechanisms,producingsenticmodulation.However,
I think we needa distinction betweentwo sub-classes:“central” and “peripheral” secondary
emotions.
(a)Central secondaryemotionsinvolveinvoluntaryredirectionof ongoingcognitiveprocesseslike
planning,reasoning,reminiscing,self-monitoring,etc. Suchshiftsof attentioncanoccurentirelyat
thecognitivelevelwithoutinvolvingsenticmodulation.An examplemightbeguilt, whichinvolves
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negativeassessmentof one’s own motives,decisionsor thoughts,andcanproducethoughtsabout
whetherdetectionwill occur, whetherto confess,likely punishment,how to atone,how to avoid
detection,etc. Otheremotions(infatuation,anxiety, etc.) will havedifferenteffectsonattention.
(b) Peripheral secondaryemotionsoccur when cognitive processestrigger stateslike primary
emotions,without any dispositionto redirectthoughtprocesses(e.g. the shudderproducedby
imaginingscrapingone’sfingernailsonablackboard).

A hybridsecondaryemotioncouldinvolveamixtureof bothtypes,e.g.guilt or embarrassment
accompaniedby sensedbodily changes.

Emotionsof type (a) are often importantto novelists,playwrights,poetsand gardenfence
gossips.Thereneednotbeany overtexpression,but whenthereis it will typically besomesortof
verbalutteranceor intentionalaction. By that I don’t meanthatpeoplelabel their emotions:like
otheranimalsandyoungchildrenevenhumanadultsmaylack thesophisticationto recogniseand
classifytheirownmentalstates.Rather, acentralsecondaryemotioncanbeexpressedinvoluntarily
in choiceof words,or anextendedthoughtor behaviour patternsuchasfrequentlyreturningto a
theme,or alwaysexpressingdisapproval of acertainperson.

Subtlepatternsexpressinganger, jealousy, pride,or infatuationmaybeclearlyvisibleto others
long beforethe subjectnoticesthe emotionalstate. In (Sloman1992) I conjecturedthat some
involuntaryemotionexpressionsarenecessaryin a societyof intelligentagentsbecausea society
whereall expressionwasvoluntarywouldbetoounstable:nobodywouldknow whomto trust.

In humans,emotionalreactionsbecomelessphysical,morecentral,andmorecontrolled,as
partof theprocessof growing up andbecomingemotionallymature(Goleman1996). Damasio’s
architecturecouldeasilybemodifiedto explain this. For instance:
(i) Theglobalalarmsystemmightbeabletocontrolcognitivemechanismsdirectly, withoutcausing
senticmodulation.
(ii) Theremightbeasecondglobalalarmsystemwhoseoutputsaredirectedonlyatthedeliberative
(cognitive)mechanisms.

On eitheralternative, somesecondaryemotionscould causecognitive interrupts,redirection
of attentionand new evaluations,without necessarilytriggering primary emotion symptoms.
Of course,the older primary emotionmechanismmight sometimesbe triggeredconcurrently,
producinghybridemotions.

4.4 Can secondaryemotionsbedetectedby physicalsensors?
If Damasio’s andPicard’s theoryof secondaryemotionswerecorrectthensecondaryemotions
would alwaysgeneratesenticmodulation,which couldbemeasuredexternallyandusedto detect
emotionsusingpatternrecognitiontechniques.Two hypothesesneedto beconsidered:

H1. Thegeneral natureof a secondaryemotioncanbedetected(e.g. anger, jealousy,
joy, apprehension,consternation),butnotthesemanticcontent(e.g.whoyouareangry
with andwhatyouareangryabout).

H2. Both thegeneralclassof emotion(e.g. anger)andthesemanticcontent(angerat
Fredfor giving awayasecret)canbedetectedfrom suchpatterns.

H2isnomoreplausiblethanthehypothesisthatourthoughtcontentscanbeinferredfromexternally
observablephysiologicalpatterns.For instance,primaryemotionmechanismswhichevolvedlong
beforepolitical systemscannotbe expectedto producea distinctive physiologicalpatternfor
consternationoveranelectiondefeator prideatbeingelectedpresident.

4



Is H1, the weaker hypothesis,true? Picardacknowledgesthat therewill be considerable
variationin the mappingbetweenemotionsandsenticmodulation,dependingon the personand
the type of emotion. The culturecanalsomake a difference(e.g. the British “stif f upperlip”).
Subjectto theneedto calibratepatternsfor individuals,is H1 true?

I suspectthe answerdependson the person. Even if secondaryemotionsin most people
sometimestriggertheprimaryemotionmechanismsit doesnot follow thatthey alwaysdo, for all
people,or that they needto in artificial emotionalagents.So,asanunqualifiedgeneralisation,I
suspectevenH1 is false.

It is speciallyproblematicfor mixedemotions,likethosereportedby thecaptainof awoman’s
yachtingteamat theendof a roundtheworld race: Shewaslooking forward intenselyto seeing
friends and relatives whom shehad not seenfor many weeks,and to eatingagain(sincefood
hadrun out two or threedaysearlier);shewasdelightedat completingtheracesuccessfully, but
disappointedat not winning it, sadat thethoughtthat theadventurewasover andtheteamwould
have to separate,but looking forward to the next suchevent. Could any collectionof grimaces,
shudders,posturechanges,tears,sweating,etc. haveexpressedthatmixture?Wordsaremorethan
aptto thetask.

4.5 How aremixed emotionspossible?
Picardoffersblendingandrapidalternationaspossiblemodelsof suchmixedemotions(p.171).
Neitheris plausible,sincecoexisting emotions(jealousyandguilt at feeling jealous)endureand
preserve their identity. A moreaccuratemodelwould be a collectionof coexisting dispositions,
possiblyimplementedasconcurrent(mostlyunconscious)cognitiveprocessesstrivingfor attention
andcontrol. Of coursea combinationof infatuationwith X, andjealousyof X’s lover could be
regardedasa blend,but only insofar asoneis the causeof theother. The infatuationcouldalso
coexist with unrelatedjealousyover a colleague’s promotion. There’s no moreneedfor theseto
blendor alternatethanfor differentcoexisting beliefsor expectationsto blendor alternate,or all
themany attitudesthatwe have to differentthings,people,policies,places,etc. A highly parallel
informationprocessingarchitecturemakesblendingandalternatingunnecessary.

4.6 Linguistic expression
Picardmentionsthepower of written communicationregardingemotions(pp 13 and97), yet she
underestimatesits importance:

“If computersareto utilise thenaturalchannelsof emotionalcommunicationusedby
people,thenwhencomputerslearnto recognisehumanemotions,they will haveto rely
primarilyonsenticmodulation,asopposedtohavingpeopleexplicitly tell themthenames
of theiremotionalfeelings.” (p.26my underlining).

Contraryto PicardI suspectthatfor theemotionsthatmattermostto humanstheprimaryand
mostnaturalmodeof expressionis linguistic. As indicatedpreviously, I don’t meanthatpeople
recogniseandlabeltheirownemotions.Rather, asnovelistsandplaywrightsknow well, ourchoice
of languagecan convey rich informationaboutmentalstatesby makingour thoughtprocesses
“readable”externally. This allows richer andmorediverseaffective statesto be expressedthan
eitherasetof physiologicalpatternsor asetof verballabels.Partof theevidenceis thelonghistory
of intenselyemotionalletterwriting andpoetry. Therearealsotheprofoundoutpourings(e.g. of
grief or sympathy)in internetnewsgroupsconcernedlargelywith mutualconsolationandsupport.

Thewriter of the following messageclearly feelsguilty, apologeticanda little apprehensive,
withoutsayingso:
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“I know I promisedto give you a chanceto checkour paper, but my portionwasnot
finisheduntil justbeforethedeadlineandI hadto sendit in. I hopeit won’t causeyou
any embarrassment.”

CompareMarcAntony’ssoliloquywhenfirst left alonewith thecorpseof Caesar:
O, pardonme,thoubleedingpieceof earth,
ThatI ammeekandgentlewith thesebutchers!
Thouart theruinsof thenoblestman
Thatever livedin thetideof times.
Woeto thehandthatshedthiscostlyblood!
...
Cry ‘Havoc!’, andlet slip thedogsof war,
Thatthis foul deedshallsmellabove theearth,
With carrionmen,groaningfor burial.

This is far morepowerful thanexplicit telling. Whenhumanemotionsareexpressedwe don’t
usually “tell them the names”. In fact, very often the emotionshave no names,for they are
complex andsometimeseven uniquecombinationsinvolving interactionsbetweensemantically
rich coexisting motivationalstates,attitudes,evaluations,expectations,beliefs, etc. And even
whenthey have names,having the emotiondoesnot requireknowing the nameor beingableto
recognizetheoccurrencein oneself.1

5 Towards a modified versionof Damasio’s theory
Damasiowrote:

“I seetheessenceof emotionasthecollectionof changesin bodystatethatareinduced
in myriadorgansby nervecell terminals,underthecontrolof adedicatedbrainsystem,
which is respondingto thecontentof thoughtsrelative to aparticularentityor event.
(Damasio1994,p.139,my underlining)

Emphasisingthecontentsof thoughtsis correct.Emphasisingbodystateignorescentralsecondary
emotionsof type (a) involving only involuntaryattentioncontrol mechanisms.Damasioshows
laterthatheis fully awarethattherecanbesuchchainsof causationat thecognitive level.

“...consumedaswearebyusingthepasttoplanwhat-comes-next, amomentawayor in
thedistantfuture. Thatall-consuming,ceaselessprocessof creationis whatreasoning
anddecidingareabout...” (p.165).

Theseare processesin a mental “virtual machine”. We can modify his theory by allowing
that somesecondaryemotionsinvolve only suchvirtual machineprocesses,without any sentic
modulation(thoughobviously thereare physiologicalprocessesin the brain). He discussesa
generalrequirementfor suchmentalprocesseslater:

Thepersonalandimmediatesocialdomainis theoneclosestto ourdestiny andtheone
which involvesthegreatestuncertaintyandcomplexity. Broadlyspeaking,within that
domain,decidingwell isselectingaresponsethatwill beultimatelyadvantageousto the
organism....Decidingwell alsomeansdecidingexpeditiously, especiallywhentimeis
of theessence,and,in thevery least,decidingin a time framedeemedappropriatefor
theproblemathand.(Damasiop.169)

1It maybeobjectedthat it is oftenpossibleto readverbalutterancesin morethanoneway: they do not uniquely
expressparticularemotions.That is true,but equallyfacialexpressions,posture,andotherexternalsignscanoften
be interpretedin morethanoneway. Moreover, suchphysicalcluesareoftenvery deceptive, which is whatmakes
possiblebeinganactor, aspy, anundercoveragent,or acon-man.
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This emphasiseswhat might be called“meta-level” control, i.e. combiningthe ability to solve
problemsandmake planswith theability to noticethatsucha processneedsto be interruptedor
redirected,for instancebecausetime is tooshortto continueplanning:actionmuststart.Damasio
assumedthatonlyemotionscanperformthiskindof highlevelcontrol.However, recentwork in AI
hasproducedalternative meta-level controlmechanisms,includingplannerswhich use“anytime
algorithms”(Boddy andDean1989)which allows an interruptedplanningprocessesto produce
usefulinitial partialplansin intelligentmachines.

Someplan-basedtheoremprovers usehigh level strategic knowledge to guide the search
for a proof. Similarly, Luc Beaudoin’s PhD thesis(Beaudoin1994) discussedthe notion of a
meta-managementlayerin thearchitectureof anagentwith reactiveanddeliberativemechanisms.
This layercanmonitor, evaluate,andto someextentcontrolandredirectattentionin deliberative
mechanisms.Thereis muchwork still to bedoneexploringsuchmechanisms.

We thereforedo not needto follow DamasioandPicardin assumingthat rapidredirectionof
attentionby aglobalalarmsystemnecessarilyworksby invokingtheprimaryemotionmechanism.
Cognitivecontrolmechanismscandirectlyredirectattentiontonew goals,new itemsof information,
etc. (Simon1967;Sloman1997). In somecasesthis goeson even thoughsuchredirectionis of
little or no value,e.g. in obsessive jealousyor anger. Damasiocomescloseto acceptingthis (pp
197-8).

Building on Beaudoin’s work, my colleaguesand I have arguedthat humanshave at least
threeimportantcoexisting interactingcontrolsystems,anold reactive layer, a newer deliberative
layer, anda still morerecentmeta-managementlayerconcernedwith monitoring,evaluatingand
redirectinginternalprocesses.Control by the third layer is generallyonly partial sincethereare
automaticmechanismswhichcanredirectattention,includingoneor morereactive“global alarm”
mechanismsasdiscussedabove. We have suggestedthat differentsortsof emotionscorrespond
to processesin thesethreelayers. Picardsummarisestheseideasaboutmeta-managementand
perturbanceonpages211–213.Howeverthis theoryis in its earlystagesof development.Thereis
still noadequateaccountof pleasureandpain.

If computersaretobeabletodetect,respondto,ormodelthesetypesof affectivestatesthey will
needrich andsubtlelinguisticabilities,andadeepunderstandingof thestructureof humanminds.
Chapter7 of the book discussesvariousrecentattemptsto modelcognitive affective processes,
whicharetotallydifferentfromthesenticmodulationcapabilitiesthatarethemainfocusof chapters
5 and6. This is animportanttopic for futureAI researchonself-awareandsocially-awareagents.

My feelingis thatlookingbackin yearsto comewe’ll find thatall thiswork isveryshallow and
inadequate,especiallymodelsinvolving explicitly labelledemotionalstatesandspecialemotion
generatingrules.

6 Emotionsand intelligence
As Picardpointsout,mostAI researchersignoremotivationalandemotionalmechanisms.There
areafew exceptions,notablySimon’spioneering1967paper, respondingto criticismsof AI by the
psychologistNeisser. RandallDavis, in his AAAI96 presidentialaddress,viewsAI asexploration
of the spaceof designsfor intelligent systems,including both naturalandartificial systems.He
discussesat lengththediversityof capabilitiesandmechanismswhich haveevolvednaturally, yet
thereis nomentionof motivationandemotion.

If emotionsarenotrequiredfor meta-levelcontrol,isaffectnecessarilyrelevantto intelligence?
A partialansweris oneof thePicard’s themesmentionedabove,with whichI agreed:if intelligent
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machinesareto communicateeffectively with humansin a wide rangeof situationsfor a wide
rangeof purposes(includingteaching,advising,etc.),thenthey will oftenneedto take accountof
actualandlikely motivationalandemotionalstates.

However, mustintelligentsystemsalsohaveemotions?I think they almostcertainlywill, but
not for thereasonsgivenby PicardandDamasio.I haveargued(SlomanandCroucher1981)that
certainkindsof emotionswill besideeffectsof mechanismsdesignedto overcomeresourcelimits
in intelligentsystems.They arguethatemotionalmechanismsarerequiredfor intelligence.

6.1 Must a skilled communicator haveemotions?
It maybepossiblefor a robotwithout any emotionsof its own to learna greatdealabouthuman
emotions,includinglearninghow to recognisethemonthebasisof bothphysicalstatesand,more
generally, on thebasisof understandingwhatthepupil or client is saying.

It is often suggestedthat we reasonaboutmentalprocessesof othersby simulatingthemin
our own brain. If this werethe only way to predictemotionalreactions,it would be impossible
for acompletelyunemotionalagent.However, wecanalsousegeneralknowledgeto reasonabout
reactionsof otherpeople.Nevertheless,it is likely, thatonesourceof informationaboutemotions,
is one’sown emotionalexperiences.SoperhapsaSpockwithoutemotionsmightfind it difficult to
dealadequatelywith humans,thoughnot impossible.

6.2 Ar eemotionsrequired for generalintelligence?
Picard,like Damasio,makesa muchstrongerclaim, namelythat the ability to have emotionsis
requirednotonly for communicatingaboutemotions,but moregenerally.

“We all know thattoo muchemotioncanwreakhavoc on reasoning,but now thereis
evidencethattoo little emotionalsocanwreakhavoc.” (p10)
“Apparently, a balanceis needed– not too muchemotion,andnot too little emotion.”
(p11)
“Damasio’sfindingspoint to anessentialroleof emotionin rationalthinking.” (p12)
“Neverthelesswhena systemfacesproblemswherethe possibilitiescannotbe enu-
meratedandevaluatedin theavailabletime, I suggestthataffective decisionmaking
providesa goodsolution. Humansusefeelingsto help themnavigatethe oceansof
inquiry, to makedecisionsin thefaceof combinatorialcomplexity.” (p222)

I fear this is anover-generalisationfrom how a subsetof humanswork. Therearetwo problems
with theseclaims:mis-construalof theexpertiseinvolvedin avoidingsearch,andmisinterpretation
of theevidencefrom braindamage.

Thereare many areasof expertisewhich potentially involve massive searches,but where
humanssomehow manageto avoid the searches.Anyonewho hasworked on naturallanguage
processing,or imageunderstandingwill know thatbothutterancesandretinal imageshave huge
amountsof localambiguityregardingsegmentation,grouping,selectionamongpossiblemeanings,
and, in the caseof images,possibleocclusions. Typically the problemof resolvingthe local
ambiguitysubjectto globalconstraintscaninvolve enormoussearchspaces.Yet humansseemto
homein rapidly on a uniqueinterpretationwithout searching,except in the caseof gardenpath
sentences(e.g. “the horseracedpastthebarnfell”) andpuzzlepictures.

The obvious explanationis that expertise is basedon a very large collection of slightly
generalisedspecialcasesstoredin somekind of content-addressablememory. The samecan
besaidaboutexpertisein moreabstractdomains,suchaslogic, algebra,programming,andgames
suchaschess.In aculturetheexperienceof many generationscanbetransmittedin acompressed
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time-scaleto new members.Likewiseit is now commonplaceto allow chessprogramsto makeuse
of agreatdealof “book learning”to avoid massivecombinatorialsearches.

Although the full workings of humanassociative learningare neitherwell understoodnor
replicatedin currentAI systems,it is clearthat they neednot involve emotions(thoughin some
casesthey do,sometimeswith badresults).For example,ayoungchild picksupahugevocabulary
andmany subtlegrammaticalrules,simplyby beingexposedto speakersof thelanguage.

Anotherthing we learnis control information. Expertslearnto detectpatternsin a situation
which suggestthat a different approachis needed,or that the problem is insoluble, or that
somemoreimportantandurgentproblemhasarisen. So,besideshierarchicallystructuredgoal-
directedprocesses,ananimalor robotwith multipleindependentsourcesof motivationinhabitinga
dynamicallychangingandpartlyunpredictableenvironmentneedsmechanismswhichcanredirect
attentionaway from thecurrentgoalandits subgoals.(Comparechapter6 of (Sloman1978).)

Thesemechanismsneednot beemotional,thoughsometimesthey will be,namelywhenthe
intrusionsinvolve highly positively or negatively chargedevaluationsandcannotbepreventedby
meta-managementdecisionsof theagent. I have calledthese“perturbant”states.2 (A perturbant
statecan becomedormantwhen attentionis grabbedby somethingmore powerful. Dormant
emotionsdon’t goaway: they simplyawait their chanceto regaincontrol,for instancewhengrief
is temporarilyforgottenbecauseanurgentandimportanttaskgrabsone’sattention.)

In summary:theheuristiccontrolpowersPicardandDamasioattributeto emotionscanoccur
without emotionalmechanisms,though,asarguedin (Simon1967;SlomanandCroucher1981)
suchcontrolmechanismsmaybecapableof generatingcentralsecondaryemotions.

6.3 How to interpret Damasio’sevidence
Damasio,Picardandothershave misinterpretedthe evidenceaboutbrain damagein Damasio’s
bookasimplying thatemotionsareessentialto intelligence.There’s asimplenon-sequitur.

Certainsortsof frontallobedamageproducetwoeffects:(1) thepatientslosetheability tohave
certainkindsof (secondary)emotionalreactions,or to careaboutthingsthatpreviouslymatteredto
them(includingphysicalpainsin somecases),(2) thepatientsbecomelesscreative anddecisive,
andlessableto take strategic decisions.This canrenderthemtotally unableto managetheir own
lives,even thoughthey retainnormalfunctionsof perception,memory, language,motorcontrol,
performwell on all standardintelligencetests,andevenhave explicit knowledgeabouthow they
oughtto behave in variouscircumstances.

It is fallaciousto infer from this that (1) is the causeof (2), For theremay be mechanisms
for controlling and redirectingattentionin the cognitive virtual machine,which are essential
for intelligence,and which also producesecondaryemotions. When they are damagedthere
is a loss of secondaryemotionsand also a loss of balancedjudgementand control of thought
processes.It doesnot follow that emotionsarenecessaryfor intelligence. Rather, mechanisms
requiredfor intelligencesometimesproduceemotions.Suchemotionsare“emergent”. Compare:
disconnectingthecarbatterywill preventtheradioworkingandthecarstarting.It doesn’t follow
thattheradiois requiredfor thecarto start.

Of course,Damasio’sevidencedoessupportthehypothesisthatin additionto themechanisms
studied in particular sub-fieldsof AI and cognitive psychology, an intelligent agent requires
more global control mechanismswhich attemptto ensurethat thosemechanismsare deployed
appropriately. This is what meta-managementis about. This needis obvious to any software

2In (Sloman1998)andmorerecentpapersthey arereferredto as“tertiary emotions”.
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engineeraccustomedto designingsystemswith multiple capabilities,e.g. operatingsystems,or
plantcontrolsystems.

Damasio’s patientsreveal that the high level controlmechanismmay be incapacitatedwhile
many morespecificaspectsof intelligenceremainintact,which shouldnot bevery surprisingto
softwareengineers.

7 Conclusion
This wide ranging,ambitious,book presentswork from several disciplines,including empirical
results,theoreticalanalysisandpracticalapplicationsalongwith someof the ethical issuesthey
raise.

Themajority of thediscussionof emotionsis basedon thewidely heldassumptionthat they
alwaysinvolveexternallydetectablesenticmodulation,asprimaryemotionsdo. Thisassumption,
however, ignoresthepossibilityof centralsecondaryemotions,which I haveclaimedarethemost
importantemotionsin our(adult)livesandcertainlyof mostinterestin muchof our thinkingabout
oneanother. Fromthis viewpoint theemphasison externallydetectablepatternsof physiological
processesis unfortunate.

Howeverasanaccountof how primaryemotionsandsomeperipheralsecondaryemotionsare
expressedandhow they mightbedetectedit maybeagoodbeginning.

Thebookincludesmany topicsI have not hadspaceto discuss,includingseveralchallenging
andpotentiallyextremelyinterestingandprobably verydifficult applicationsof affectivecomputing,
e.g. automatingtheprocessof searchinga library for a pictureor a pieceof musicwith a specific
typeof mood,for usein anadvertisementor asbackgroundto afilm.

AlthoughI have beencritical of somemajorthemes,thereis muchof interestandvalueandI
believe thebookhasno competitors.As a wide-rangingandprovocativeground-breaker it canbe
recommendedto studentsof AI whoneedto havetheirmindsstretched.But they shouldbewarned
not to believeeverythingthey read!

Readerswill find in the text andbibliographypointersto muchrelevant literature,thoughI
suspectthe bestliteratureon this topic hasyet to be written, perhapsby readersstimulatedand
challengedby thisbook. Suchwork requiresabroadmultidisciplinarybackground.Unfortunately
therearestill toofew researcherslikePicardwilling tocombinepsychology,ethology, neuroscience,
evolution,computerscience,softwareengineering,AI andphilosophicalinsight,in thecontext of
creativeengineeringdesign.

Maybeonedaytheirnumberswill reachacriticalmass,they will discoveracommonconceptual
framework within which to communicate,andthesubjectwill really takeoff. A regularsectionin
theAI Magazineon“AffectiveComputing”mighthelpto acceleratethisprocess.
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