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1 Intr oduction
Writing a multidisciplinarybookis arisky business.Someexpertsarelik ely to befiercelycritical
becausef omissionsor errors. Otherswith tunnelvision arelikely to missthe point. Rosalind
Picard,with considerableourageaddressea broadcollectionof themesjncluding:
e Thenatureof motivation,emotionsandfeeling.
e Thedetectionof emotionalandotheraffective statesandprocesses.
e Thenatureof intelligenceandtherelationshipsetweenntelligenceandemotions.
e Thephysiologyof the brainandotheraspect®f humanphysiologyrelevantto affective states.
¢ Requirement$or effective human-computanterfacesn awide rangeof situations.
e Wearabledeviceswith arangeof sensingandcommunicatre functions.
¢ Philosophicakndethicalissuegelatingto computerf thefuture.
e A brief encountewith theology

Thisisabookwith aboldvision. Somereaderwill findit inspiringandmind-stretchingSome
will find it irritating. Somewill have bothreactionslt givesmary pointersto thevastliteratureon
emotionsjncludingusefulrecentmaterial,e.g. booksby LeDoux,GolemanandDamasio.

The book rangesover themesof varying depth. The main deepthemeconcernghe nature
of intelligenceandthe role of emotionsin intelligence,which | discussbelow in section6, after
commentingon someof thesimplerthemes.

2 Ubiquitous computing and sensing
It will increasinglybefeasibleto install sensor@andcomputingdevicesin furniture,in walls,in car
seatsin driving controls,in clothing,in jewelry andevenin implants.Soit will bepossibleo have
awide rangeof sensorsprocessorandtransmittersconstantlymonitoring,analysingrecording,
andtransmittinginformationaboutones blood pressuretemperaturehlood sugarevel, muscular
tension,andmary otherphysiologicalstates. Someof thesedevices, suitablyhidden,could also
monitor variousaspectof the ervironment,including otherpeople. Thusevenyour friendsand
colleaguewwill easilybe ableto recordyour conversation,your facial expressionsand perhaps
with remotesensoryour musculartension temperaturesweatingetc.
Picardbelievesthatsuchmachinesanlearnto predictour reactionsandusesuchpredictions
to inform us of risks and opportunities(*You'd really like thatfilm ..”). Shearguesthat such
deviceswill increasinglybeableto measurendcategoriseemotionalandotheraffective statesso
asto helpuscomprehendvhatis goingon in oursehesandothers. (TheNew ScientistNo 2135
23rdMay 1998(p. 11) reportson a Japanesdevice which purportstell you whata petor infantis
trying to communicate!)



Somepeoplemay be alarmedby the prospectof being“spied on” by machines. Although
Picardwarnsaboutethicalissuessheapparentlywelcomeghe useof emotiondetectorsn awide
rangeof contextsandrelationshipge.g.teacheandpupil). Thefinalchapteyin particulay suggests
that computingdeviceswill help us chooseour mood music, decidewhich scenego recordfor
our photo-allums,andfind out aboutexhibitions, playsandothereventslik ely to suit our tastes.
Reactiongo this prospectvill differ widely. Many will dislike theideaof usingremotedevicesto
tell themwhich moodto expectin their spouse:it will strike themasanimproperintrusion. On
theotherhand thereprobablyaresomecoupleswvho, having foundbedroonceiling mirrorstame,
will relishmutuallyinformativeintimatesensors.

If I wereapilot or abusdriver| mightacceptheright of my passenger® insiston my being
wired up soasto minimisetherisk of disasterglueto my falling asleepat the controlsor having
a heartattackwhile in control. But | would not wanta computerinkedto suchsensorgo select
musicfor me,andl have no wish to usesuchdevices, especiallyhiddendevices,to tell me what
my wife, my colleaguespr my studentsarefeeling, or to inform themof whatl amfeeling. I'd
preferusall to becomemoresensitve. Othersmayhave a differentview.

This discussiorbegsthe deeperguestion:cancomputationatlevicesreally be usedto detect
emotionsasclaimed?Yes: asubsetemotionsvhichproducecharacteristipatternsn measurable
physiologicalstates. How such“sentic modulation” (definedon p.25) might be producedand
detecteds discusseatlengthin Chapter$ and6. I'll aguebelow thatthiswill notwork for most
sociallyimportantemotions.

3 Communication and affect

The book makes an importantclaim which is relevant to Al researchon communicationand
teaching,namelythat the ability to detectandinfluenceaffective statesin othersis importantin
humancommunicatiorandwill be necessaryor machinedo interacteffectively with humans.l
agreewith this, andmadesimilar claimsin (Sloman1992). However, | am not surethe methods
proposedy Picardwill bevery effective.

Canemotionsberecogniseanthebasisof physiologicalchangesThaptel6 describesffect
recognition“as a patternrecognitionproblemandaffect expressioraspatternsynthesis’(p.165).
Suchpatternsanbe measuredby deviceslik e physiologicalsensorandcamerasecordingfacial
expressioror posture.“Despiteits immensdlifficulty, emotionrecognitionis easiethanthought
recognition”lt is easier‘largely becauseherearenotasmary emotionsasthoughts”(p.167).

Picards discussiomaygive somereadergheimpressiorthatall emotionsessentiallynvolve
measurabl@hysiologicalresponsese. senticmodulation. However this is true of only a subset
of emotionsasexplainedbelon. Moreover, mary emotionsnvolve thoughtcontentsandthey are
no lessdiversethanthoughts. You can,in principle, be afraid of, hopefor, pleasedaboutalmost
anythingthatyoucanbelieve or expect.Mostof theemotiongeopleareinterestedn areconsttuted
largely by theircontentandthecontent®of emotionsarealsothecontentof thoughts.Evenif there
areafew physiologicallydetectablainiversalcateyoriescoveringall emotionghappy, sad,angry
etc.), which | doubt,it won’t be muchuseknowing thatyour spouses hapyy without knowing
whetherit is happinessboutyour promotionor abouta messagérom a secretiover. Measuring
senticmodulationwill notin generalnswersuchcrucialquestionsabouthumanemotions.

4  Ambiguity in the conceptof “emotion”
It hasbeenclear for a long time (Arnold 1968) that the word “emotion” hasno unique and
clear meaning. A proliferation of definitionscan be found in philosophicaland psychological
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literature. It might thereforebe wise to avoid discussingvhethercomputerscan have or detect
emotions.Alternatively, we canintroducenew technicallydefinedermsandusethose.Thisis best
doneusingarchitectue basedconcepts:startingfrom an architectureve canderive the typesof
statesandprocessethe architecturecansupport(Simon1967;Slomanl1992;Wright etal. 1996;
Sloman1998). Animals or machineswith differentarchitecturesvill not be describablen those
terms.Onthis basiswe candistinguishprimaryandsecondargmotions.

4.1 Primary emotions

Humanbrainshave mary componentsvhich are evolutionarily old. Someare responsiblgor
“animal’ emotions,e.g. being startled, frozen with terror, sexually aroused,or nauseated.
Information from perceptualsystemsfed to a fast patternrecognitionmechanismcan rapidly
triggermassve globalchangesSuchmechanismapparentlyncludethebrainstemandthelimbic
system(Golemanl996;LeDoux1996). Engineerswill appreciatéhe needfor fast-actingpattern-
basedglobal “alarm” mechanismso ensurethat an agentreactsappropriatelyto importantrisks
andopportunitieSloman1998).

Damasio(1994)callsthesé‘primary emotions”(pp 131-4),asdoesPicard. Theseproductsof
ourevolutionaryhistoryarestill oftenuseful. Becausehey involve physiologicareactionselevant
to attacking,fleeing, freezing, and so on, sensorsmeasuringphysiologicalchangegincluding
postureandfacialexpressionandetectsuchprimaryemotions.

4.2 Secondaryemotions

Primaryemotionanay belessimportantfor civilised socialanimalsthancertainsemanticallyrich
affective statesgeneratedyy cognitive processesnvolving appraisalof perceved, or imagined
situations. Thesearereferredto by Damasioas “secondaryemotions”,anddescribedoy Picard
on pp 35-6,63—-4. They canariseonly in an architecturewith mechanismdor processesuch
asernvisaging,recalling, planningandreasoning.Patternsin suchprocessesantriggerlearntor
innateassociations the“alarm” systemwhich causeapidautomatievaluationgo beperformed.
Possiblesffectsinclude:

(1) Reactionsin the primary emotion systemincluding physiologicalchangese.g. muscular
tension,weeping,flushing, smiling. Thesecan producea characteristi¢feel”, e.g. “a flush of
embarrassment*growing tension”,etc. (Try imagininga sugical operationon your eyeball.)

(2) Rapid involuntary redirection of thought processegcompare(Simon 1967; Sloman and
Croucher1981)).

It is notalwaysappreciatedhateffectsof type(2) canoccurwithout effectsof type (1).

4.3 Two typesof secondaryemotions

Damasicaconjectureshattriggeringby thoughtcontentslepend®n “somatic-marlkers”whichlink
patternf thoughtcontentswith previouslyexperiencegbleasuresr painsor otherstrongfeelings.
Suchtriggeringenablesecondargmotiongo play animportantrole by directingandredirecting
attentionin dealingwith complex decisions(Damasiopp. 174-5). Picardalso believes that
secondaryemotionsalwaystrigger primary mechanismsproducingsenticmodulation. However,
I think we needa distinction betweentwo sub-classes:“central” and “peripheral” secondary
emotions.

(a) Central secondargemotionsnvolveinvoluntaryredirectionof ongoingcognitive processebk e
planning reasoningteminiscing self-monitoringetc. Suchshiftsof attentioncanoccurentirelyat
thecognitivelevel withoutinvolving senticmodulation.An examplemightbeguilt, whichinvolves



negative assessmerf one's own motives,decisionor thoughts andcanproducethoughtsabout
whetherdetectionwill occur whetherto confessjikely punishmenthow to atone,how to avoid
detectiongtc. Otheremotionginfatuationanxiety etc.) will have differenteffectson attention.
(b) Peripheral secondaryemotionsoccur when cognitive processedrigger stateslike primary
emotions,without ary dispositionto redirectthoughtprocessege.g. the shuddermproducedby
imaginingscrapingones fingernailson a blackboard).

A hybridsecondargmotioncouldinvolve amixtureof bothtypes,e.g. guilt orembarrassment
accompaniety sensedodily changes.

Emotionsof type (a) are often importantto novelists, playwrights, poetsand gardenfence
gossips.Thereneednotbeany overtexpressionput whenthereis it will typically besomesortof
verbalutteranceor intentionalaction. By thatl don’'t meanthatpeoplelabel their emotions:like
otheranimalsandyoungchildrenevenhumanadultsmaylack the sophisticatiorto recogniseand
classifytheirown mentalstates Ratheracentralsecondargmotioncanbeexpressednvoluntarily
in choiceof words, or an extendedthoughtor behaiour patternsuchasfrequentlyreturningto a
theme or alwaysexpressinglisappreal of a certainperson.

Subtlepatternsexpressingangeyjealousypride,or infatuationmaybeclearlyvisible to others
long beforethe subjectnoticesthe emotionalstate. In (Sloman1992)1 conjecturedthat some
involuntaryemotionexpressionarenecessaryn a societyof intelligentagentshecause society
whereall expressiorwasvoluntarywould betoo unstable:nobodywould know whomto trust.

In humans emotionalreactionsbecomeessphysical,more central,and more controlled,as
partof the processof growing up andbecomingemotionallymature(Goleman1996). Damasios
architecturecould easilybe modifiedto explain this. For instance:

(i) Theglobalalarmsystenmightbeableto controlcognitve mechanismdirectly, withoutcausing
senticmodulation.

(i) Theremightbeasecondylobalalarmsystemwhoseoutputsaredirectedonly atthedeliberatve
(cognitve) mechanisms.

On eitheralternatve, somesecondaryemotionscould causecognitive interrupts,redirection
of attentionand new evaluations,without necessarilytriggering primary emotion symptoms.
Of course,the older primary emotion mechanismmight sometimese triggeredconcurrently
producinghybrid emotions.

4.4 Cansecondaryemotionsbe detectedby physical sensors?
If Damasios and Picards theory of secondaryemotionswere correctthen secondaryemotions
would alwaysgeneratesenticmodulation which could be measuredxternallyandusedto detect
emotionausingpatternrecognitiontechniquesTwo hypotheseseedto beconsidered:

H1. Thegenearl natureof a secondargmotioncanbe detectede.g. angeyjealousy

joy, apprehensiorgonsternationjut notthesemanticontente.g. whoyouareangry

with andwhatyou areangryabout).

H2. Boththe generaklassof emotion(e.g. anger)andthe semanticcontent(angerat
Fredfor giving away a secret}canbe detectedrom suchpatterns.

H2isnomoreplausiblehanthehypothesishatourthoughtcontentsanbeinferredfrom externally
obsenablephysiologicalpatterns.For instanceprimaryemotionmechanismsvhich evolvedlong
before political systemscannotbe expectedto producea distinctive physiologicalpatternfor
consternatiomver anelectiondefeator prideat beingelectedpresident.



Is H1, the wealer hypothesistrue? Picardacknavledgesthat therewill be considerable
variationin the mappingbetweenemotionsandsenticmodulation,dependingn the personand
the type of emotion. The culture canalsomalke a difference(e.g. the British “stiff upperlip”).
Subjectto theneedto calibratepatterndor individuals,is H1 true?

| suspectthe answerdependson the person. Even if secondaryemotionsin most people
sometimedriggerthe primaryemotionmechanism# doesnotfollow thatthey alwaysdo, for all
people,or thatthey needto in artificial emotionalagents.So, asan unqualifiedgeneralisation|
suspecevenHl is false.

It is speciallyproblematidor mixedemotions)ik e thosereportecby the captainof awomans
yachtingteamat the endof a roundthe world race: Shewaslooking forward intenselyto seeing
friends and relatves whom she had not seenfor mary weeks,andto eatingagain (sincefood
hadrun out two or threedaysearlier); shewasdelightedat completingthe racesuccessfullybut
disappointedt notwinning it, sadat the thoughtthatthe adwenturewasover andthe teamwould
have to separatebut looking forward to the next suchevent. Could ary collectionof grimaces,
shuddersposturechangestears sweatinggetc. have expressedhatmixture? Wordsaremorethan
aptto thetask.

4.5 How are mixed emotionspossible?

Picardoffers blendingandrapid alternationas possiblemodelsof suchmixed emotions(p.171).
Neitheris plausible,sincecoexisting emotions(jealousyandguilt at feeling jealous)endureand
presere their identity. A moreaccuratenodelwould be a collectionof coexisting dispositions,
possiblyimplementedsconcurren{mostlyunconsciousgognitive processestriving for attention
andcontrol. Of coursea combinationof infatuationwith X, andjealousyof X’s lover could be
regardedasa blend,but only insofar asoneis the causeof the other Theinfatuationcould also
coexist with unrelatedealousyover a colleagues promotion. Theres no moreneedfor theseto
blendor alternatethanfor differentcoexisting beliefsor expectationgo blendor alternate or all
the mary attitudesthatwe have to differentthings,people policies,placesgetc. A highly parallel
informationprocessin@rchitecturanakesblendingandalternatingunnecessary

4.6 Linguistic expression
Picardmentionsthe power of written communicatiorregardingemotions(pp 13 and97), yet she
underestimateiss importance:
“If computersareto utilise the naturalchannelof emotionalcommunicatiorusedby
peoplethenwhencomputerdearnto recognisdnumanemotionsthey will havetorely
primarily onsentiomodulationasopposedo having peoplexplicitly tell themthenames
of theiremotionalfeelings’ (p.26my underlining).

Contraryto Picardl suspecthatfor theemotionsghatmattermostto humanghe primary and
mostnaturalmodeof expressions linguistic. As indicatedpreviously, | dont meanthat people
recognisendlabeltheirown emotions.Ratherasnovelistsandplaywrightsknow well, ourchoice
of languagecan corvey rich information aboutmentalstatesby making our thoughtprocesses
“readable”externally. This allows richer and more diverseaffective statesto be expressedhan
eitherasetof physiologicapatternor asetof verballabels.Partof theevidences thelong history
of intenselyemotionalletterwriting andpoetry Therearealsothe profoundoutpouringge.g. of
grief or sympathy)n internetnews groupsconcernedargely with mutualconsolatiorandsupport.

Thewriter of the following messagelearly feelsguilty, apologeticanda little apprehensi,
without sayingso:




“I know | promisedto give you a chanceto checkour paper but my portionwasnot
finisheduntil justbeforethedeadlineandl hadto sendit in. | hopeit won’t causeyou
ary embarrassmerit.
Compareviarc Antony’s soliloquywhenfirst left alonewith the corpseof Caesar:
O, pardonme, thoubleedingpieceof earth,
Thatl ammeekandgentlewith thesebutchers!
Thouarttheruinsof thenoblestman
Thateverlivedin thetide of times.
Woeto the handthatshedthis costlyblood!

Cry ‘Havoc!’, andlet slip thedogsof war,

Thatthisfoul deedshallsmellabove theearth,

With carrionmen,groaningfor burial.
This is far more powerful than explicit telling. Whenhumanemotionsare expressedve don't
usually “tell them the names”. In fact, very often the emotionshave no names,for they are
comple« and sometimesaven unique combinationsnvolving interactionsbetweensemantically
rich coexisting motivational states,attitudes,evaluations,expectations beliefs, etc. And even
whenthey have names having the emotiondoesnot requireknowing the nameor beingableto
recognizethe occurrencén oneselft

5 Towards a modified version of Damasio's theory
Damasionrote:
“l seetheessencef emotionasthecollectionof changesn bodystatethatareinduced
in myriadorgansby nene cell terminalsunderthecontrolof adedicatedrainsystem,
which is respondingo the contentof thoughtselative to a particularentity or event
(Damasiol994,p.139,my underlining)
Emphasisinghecontentof thoughtds correct. Emphasisindpodystateignorescentralsecondary
emotionsof type (a) involving only involuntary attentioncontrol mechanisms.Damasioshows
laterthatheis fully awarethattherecanbe suchchainsof causatioratthecognitive level.
“...consumegswe areby usingthepastto planwhat-comes-nd, amomentawayorin
thedistantfuture. Thatall-consuminggceaselesproces®f creationis whatreasoning
anddecidingareabout.”. (p.165).
Theseare processesn a mental “virtual machine”. We can modify his theory by allowing
that somesecondaryemotionsinvolve only suchvirtual machineprocesseswithout arny sentic
modulation(though obviously there are physiologicalprocessesn the brain). He discusses
generarequiremenfor suchmentalprocessekater:

Thepersonahndimmediatesocialdomainis theoneclosesto ourdestiry andtheone
whichinvolvesthegreatestincertaintyandcompleity. Broadlyspeakingwithin that
domaindecidingwell is selectingaresponsghatwill beultimatelyadvantageous the
organism....Decidingwell alsomeansiecidingexpeditiously especiallywhentime is
of theessenceand,in thevery least,decidingin atime framedeemedppropriatgor
the problemathand.(Damasigp.169)
LIt may be objectedthatit is often possibleto readverbalutterancesn morethanoneway: they do not uniquely
expressparticularemotions. Thatis true, but equallyfacial expressionsposture and otherexternal signscanoften

be interpretedn morethanoneway. Moreover, suchphysicalcluesare oftenvery deceptve, which is what makes
possiblebeinganactor, a spy, anunderc@eragent,or acon-man.
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This emphasisesvhat might be called “meta-lesel” control, i.e. combiningthe ability to solve
problemsandmalke planswith the ability to noticethatsucha processeedgo beinterruptedor
redirectedfor instancebecauséime is too shortto continueplanning: actionmuststart. Damasio
assumedthatonly emotionscanperformthiskind of highlevel control. However, recentvorkin Al
hasproducedalternatve meta-level control mechanismsincluding plannerswhich use“anytime
algorithms”(Boddy and Dean1989)which allows an interruptedplanningprocesseso produce
usefulinitial partialplansin intelligentmachines.

Someplan-basedheoremprovers use high level stratgic knowledgeto guide the search
for a proof. Similarly, Luc Beaudoins PhD thesis(Beaudoin1994) discussedhe notion of a
meta-managemelayerin thearchitecturef anagentwith reactve anddeliberatve mechanisms.
This layer canmonitor, evaluate,andto someextentcontrolandredirectattentionin deliberatve
mechanismsThereis muchwork still to be doneexploring suchmechanisms.

We thereforedo not needto follow DamasicandPicardin assuminghatrapid redirectionof
attentionby aglobalalarmsystemrmecessarilyvorksby invokingthe primaryemotionmechanism.
Cognitivecontrolmechanismesandirectlyredirectattentiorto new goals new itemsof information,
etc. (Simon1967;Sloman1997). In somecaseghis goeson eventhoughsuchredirectionis of
little or no value,e.g. in obsessie jealousyor anger Damasiocomescloseto acceptinghis (pp
197-8).

Building on Beaudoin$ work, my colleaguesand | have aguedthat humanshave at least
threeimportantcoexisting interactingcontrol systemsanold reactve layer, a newer deliberatve
layer, anda still morerecentmeta-managemetdyer concernedvith monitoring,evaluatingand
redirectinginternal processesControl by the third layeris generallyonly partial sincethereare
automatianechanismsvhich canredirectattentionjncludingoneor morereactve “global alarm”
mechanismasdiscussedbore. We have suggestedhat differentsortsof emotionscorrespond
to processei thesethreelayers. Picardsummarisesheseideasaboutmeta-managemernd
perturbancen page211-213.Howeverthistheoryisin its earlystageof development.Thereis
still noadequataccounif pleasureandpain.

If computerareto beableto detectyespondo, or modeltheseypesof affective stateghey will
needrich andsubtlelinguistic abilities,anda deepunderstandingf the structureof humanminds.
Chapter7 of the book discussewariousrecentattemptsto model cognitive affective processes,
whicharetotally differentfrom thesenticmodulationcapabilitieghatarethemainfocusof chapters
5 and6. Thisis animportanttopic for future Al researclon self-avareandsocially-avareagents.

My feelingis thatlooking backin yearso comewe’ll find thatall thiswork is very shallov and
inadequateespeciallymodelsinvolving explicitly labelledemotionalstatesand specialemotion
generatingules.

6 Emotionsand intelligence
As Picardpointsout, mostAl researchergnoremotivationalandemotionalmechanismsThere
areafew exceptionsnotablySimon’s pioneeringl967paperrespondingo criticismsof Al by the
psychologistNeisser RandallDavis, in his AAAI96 presidentiabddressyiews Al asexploration
of the spaceof designgor intelligent systemsjncluding both naturaland artificial systems.He
discussesat lengththe diversity of capabilitiesandmechanismsvhich have evolved naturally yet
thereis no mentionof motivationandemotion.

If emotionsarenotrequiredfor meta-leel control,is affectnecessarilyelevantto intelligence?
A partialanswelis oneof the Picards themeanentionedabore, with which | agreed:f intelligent



machinesareto communicateeffectively with humansin a wide rangeof situationsfor a wide
rangeof purposegincludingteachingadvising,etc.),thenthey will oftenneedto take accouniof
actualandlik ely motivationalandemotionalstates.

However, mustintelligentsystemsalsohaveemotions? think they almostcertainlywill, but
notfor thereasongivenby PicardandDamasio.l have agued(SlomanandCroucherl981)that
certainkindsof emotionswill besideeffectsof mechanismslesignedo overcomeaesourcdimits
in intelligentsystems.They aiguethatemotionaimechanismarerequiredfor intelligence.

6.1 Must a skilled communicator have emotions?

It may be possiblefor a robotwithout any emotionsof its own to learna greatdealabouthuman
emotionsjncludinglearninghow to recognisehemon the basisof both physicalstatesand,more
generallyonthebasisof understandingvhatthe pupil or clientis saying.

It is often suggestedhat we reasonaboutmentalprocessesf othersby simulatingthemin
our own brain. If this werethe only way to predictemotionalreactions,t would be impossible
for acompletelyunemotionahgent.However, we canalsousegeneraknowledgeto reasorabout
reactionf otherpeople.Neverthelessit is lik ely, thatonesourceof informationaboutemotions,
is ones own emotionalexperiencesSoperhaps Spockwithoutemotionamightfind it difficult to
dealadequatelyvith humansthoughnotimpossible.

6.2 Areemotionsrequiredfor generalintelligence?
Picard,like Damasio,makesa muchstrongerclaim, namelythat the ability to have emotionsis
required notonly for communicatingaboutemotions put moregenerally

“We all know thattoo muchemotioncanwreakhavoc on reasoningput now thereis
evidencethattoo little emotionalsocanwreakhavoc’ (p10)
“Apparently a balancas needed- nottoo muchemotion,andnottoo little emotion’.
(p11)
“Damasiosfindingspointto anessentiatole of emotionin rationalthinking” (p12)
“Neverthelessvhena systemfacesproblemswherethe possibilitiescannotbe enu-
meratedandevaluatedin the availabletime, | suggesthat affective decisionmaking
providesa goodsolution. Humansusefeelingsto help themnavigatethe oceansof
inquiry, to make decisionan thefaceof combinatoriacompleity.” (p222)
| fearthis is an over-generalisatiorirom how a subsebf humanswvork. Therearetwo problems
with theseclaims: mis-construabf theexpertiseinvolvedin avoiding searchandmisinterpretation
of theevidencefrom braindamage.

There are mary areasof expertisewhich potentially involve massve searchesput where
humanssomeha manageto avoid the searches.Anyone who hasworked on naturallanguage
processingor imageunderstandingvill know that both utterancesandretinalimageshave huge
amountf localambiguityregardingsegmentationgrouping selectioramongpossiblaneanings,
and, in the caseof images,possibleocclusions. Typically the problemof resolvingthe local
ambiguitysubjectto global constraintaninvolve enormoussearchspaces.Yet humansseemto
homein rapidly on a uniqueinterpretationwithout searchinggexceptin the caseof gardenpath
sentencege.g. “the horseracedpastthebarnfell”) andpuzzlepictures.

The obvious explanationis that expertiseis basedon a very large collection of slightly
generalisedspecialcasesstoredin somekind of content-addressabl@emory The samecan
be saidaboutexpertisein moreabstracdomainssuchaslogic, algebraprogrammingandgames
suchaschess.In aculturethe experienceof mary generationganbetransmittedn acompressed
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time-scaléo nev membersLikewiseit is nov commonplacéo allow chesgprogramgo make use
of agreatdealof “book learning”to avoid massve combinatoriakearches.

Although the full workings of humanassociatie learningare neitherwell understoochor
replicatedin currentAl systemsit is clearthatthey neednot involve emotions(thoughin some
caseshey do,sometimesvith badresults).For example,ayoungchild picksupahugevocalulary
andmary subtlegrammaticatules,simply by beingexposedo spealkrsof thelanguage.

Anotherthing we learnis controlinformation. Expertslearnto detectpatternsn a situation
which suggestthat a different approachis needed,or that the problemis insoluble, or that
somemoreimportantandurgentproblemhasarisen. So, besideshierarchicallystructuredgoal-
directedorocessegnanimalor robotwith multipleindependendource®f motivationinhabitinga
dynamicallychangingandpartly unpredictablenvironmentneedsnechanismsvhich canredirect
attentionaway from the currentgoalandits subgoals(Comparechapter6 of (Slomanl1978).)

Thesemechanismsieednot be emotional,thoughsometimeshey will be, namelywhenthe
intrusionsinvolve highly positively or negatively chagedevaluationsandcannotbe preventedby
meta-managemeuecisionsof the agent. | have calledthese perturbant’states. (A perturbant
statecan becomedormantwhen attentionis grabbedby somethingmore powerful. Dormant
emotionsdon’t go away: they simply await their chanceo regaincontrol,for instancevhengrief
is temporarilyforgottenbecauseanurgentandimportanttaskgrabsone’s attention.)

In summary:the heuristiccontrolpowersPicardand Damasiaattribute to emotionscanoccur
without emotionalmechanismsthough,asarguedin (Simon1967; Slomanand Croucherl981)
suchcontrolmechanismsnay be capableof generatingentralsecondargmotions.

6.3 How to interpret Damasios evidence
Damasio,Picardand othershave misinterpretedhe evidenceaboutbrain damagen Damasios
bookasimplying thatemotionsareessentiato intelligence. Theres a simplenon-sequitur

Certainsortsof frontallobedamageroduceawo effects: (1) thepatientdosetheability to have
certainkindsof (secondarygmotionakeactionspr to care aboutthingsthatpreviously matteredo
them(including physicalpainsin somecases)(2) the patientsbecomdesscreatve anddecisve,
andlessableto take stratgic decisions.This canrenderthemtotally unableto manageheir own
lives,eventhoughthey retainnormalfunctionsof perceptionmemory languagemotor control,
performwell on all standardntelligencetests,andevenhave explicit knowledgeabouthow they
oughtto behae 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. Whenthey are damagedhere
is a loss of secondaryemotionsandalso a loss of balancedqudgementand control of thought
processeslit doesnot follow that emotionsare necessaryor intelligence. Rathey mechanisms
requiredfor intelligencesometimegproduceemotions.Suchemotionsare“emeigent”. Compare:
disconnectinghe carbatterywill preventtheradioworking andthe carstarting. It doesnt follow
thattheradiois requiredfor thecarto start.

Of course Damasios evidencedoessupportthe hypothesighatin additionto themechanisms
studiedin particular sub-fieldsof Al and cognitive psychology an intelligent agentrequires
more global control mechanismavhich attemptto ensurethat thosemechanismsre deployed
appropriately This is what meta-managemeims about. This needis obvious to ary software

2In (Sloman1998)andmorerecentpapershey arereferredto as“tertiary emotions”.



engineeraccustomedo designingsystemswith multiple capabilities,e.g. operatingsystemspr
plantcontrolsystems.

Damasios patientsreveal that the high level control mechanismmay be incapacitatedvhile
mary morespecificaspect®f intelligenceremainintact, which shouldnot be very surprisingto
softwareengineers.

7 Conclusion

This wide ranging,ambitious,book presentsvork from several disciplines,including empirical
results,theoreticalanalysisand practicalapplicationsalongwith someof the ethicalissuesthey
raise.

The majority of the discussiorof emotionsis basedon the widely held assumptiorthatthey
alwaysinvolve externallydetectablesenticmodulationasprimaryemotionsdo. Thisassumption,
however, ignoresthe possibility of centralsecondargmotionswhich | have claimedarethe most
importantemotionsn our (adult)livesandcertainlyof mostinterestin muchof ourthinking about
oneanother Fromthis viewpoint the emphasi©n externally detectablgatternsof physiological
processes unfortunate.

Howeverasanaccounbf how primaryemotionsandsomeperipherakecondargmotionsare
expresse@ndhow they might bedetectedt maybeagoodbeginning.

Thebookincludesmary topicsl have not hadspaceo discussjncludingseveralchallenging
andpotentiallyextremelyinterestingandprobaby verydifficult applicatonsof affectivecompuing,
e.g. automatinghe processof searchinga library for a pictureor a pieceof musicwith a specific
typeof mood,for usein anadwertisemenbr asbackgroundo afilm.

Althoughl have beencritical of somemajorthemesthereis muchof interestandvalueandl
believe thebook hasno competitors.As a wide-rangingandprovocative ground-brea&r it canbe
recommendetb student®f Al whoneedo havetheirmindsstretchedBut they shouldbewarned
notto believe everythingthey read!

Readerswill find in the text andbibliographypointersto muchrelevant literature,thoughl
suspecthe bestliteratureon this topic hasyet to be written, perhapsy readersstimulatedand
challengedy thisbook. Suchwork requiresabroadmultidisciplinarybackground Unfortunately
therearestill toofew researcherg e Picardwilling to combinepsychologyethology neuroscience,
evolution, computersciencesoftwareengineeringAl andphilosophicalnsight,in the context of
creatve engineeringlesign.

Maybeonedaytheirnumberswill reachacriticalmassthey will discoreracommonconceptual
framavork within which to communicateandthe subjectwill really take off. A regularsectionin
the Al Magazineon “Affective Computing”’might helpto acceleratehis process.
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