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Sommaire 

La thése se présente sous la forme d'une série de quatre articles posant differents jaloris 

d%i modèle th6orique et fonctionnel des &notions, comme fondement pour les structures 

de contrôle dans les systèmes multi-agents. en intelligence artificielle distribuée O). 
Bien que d'abord intéressé par la question de la motivation scolaire, il nous avait cepen- 

dant semblé qu'une percée ~ i ~ c a t i v e  en ce domaine que ra i t  une approche théorique 

fondamentale. Le premier article situe donc le probli?me de recherche dans le contexte de 

L'éducation, tout en faisant ressortir la nécessité de disposer de modéles thtoriques 

robustes pour aborder le domaine de la motivation et des tmotioas. Le texte rappelle les 

principales contributions & l'intelligence artificielle (IA) pour la compréhension des méca- 

nismes d'apprentissage et de construction des savoirs, et fait ressortir l'utilité des spécifi- 

cations ainsi obtenues pour la conception de stratégies pédagogiques approprih. L'article 

propose ensuite d'appliquer l'approche & 1TA pour la conceptualisation des phénomènes 

motivationneh et émotiomek, et donne un aperçu du genre de rn&iisation qui pourrait 
en résulter, ainsi que des applications qui pourraient en découler, aflm de rendre plus effi- 

caces les interventions pédagogiques destinées ii rehawer la motivation scolaire. 

Le second article effectue une recension approfondie en psychologie cognitive des 

dmotions. Sa fonction essentielle, dans le cadre de la thèse, est de reperer les concepts 

fondantcùtazi-Y F ~ I L  la fomdadon du modèle théorique et d'accumuler un large répertoire 

d'exemples, aptes ii supporter ou à confronter la theorkation proposée. Nous avons 

notamment tiré profit des principales controverses en psychologie cognitive des émotions 

comme révélateur des concepts-clés et des articulations théoriques les plus signifcatives. 

De cette méta-analyse a Cmergé l'hypothèse que les structures émotionnelles constituaient 

une couche particuiiik de conuôle, entre celle qui assure la gestion des besoins et celle 

qui supporte le fonctionnement ratiomeL La recension a dgdement permis d'identifier et 

de retenir, comme composantes de cette couche de contrôle, un petit nombre de méca- 

nismes de base apparaissant comme ~pozlsables de la très grande majorité des comporte- 

menu émotionnels, et d'articuler avec précision les conditions de leur déclenchement. 



Le troisième article expose le modèle "computatio~el" proprement dit, et notamment le 
lien fondamental que nous Ctablissoas enm motivation, gestion des ressources et engage- 
ments. Ces derniers y sont expressément conceptualisés comme un type particulier de 

ressources reposant essentiellement sur la réciprociti5 et la collaboration entre les agents. 
Les Cmotions sont alors présent& comme des opérateurs des engagements dont la 
fonction est d'assurer la gestion et la régulation des variations significatives qui peuvent se 
produire il L'in~rieur de ce stock de ressources particulières, essentielles pour rendre 

possible et maintenir de façon adaptative la coopération comme fondement des espèces 

sociales. L'article est d'ailleurs prèced6 d'une section approfondissant les phenomènes de 
coopération et de réciprocité, ainsi que les conditions favorisant leur émergence. 

Le dernier article explore, dans une perspective Cvolutionniste, les ciiffikentes contraintes 
qui président à l'apparition (dans l'évolution) ou à la conception (en ingénierie) d'agents 
biologiques ou informatiques véritablement doues d'autonomie. La capacité pour un 
organisme de determiner ses propres motivations est présentée comme la caractéristique 
première de l'autonomie, et la gestion des ressources est abordée comme le principe 
essentiel demi% tout mécanisme d'ordre motivationnel. Les engagements étant envisagés 

dans notre modele comme un type particulier de ressources. le texte réexamine cette 

lumi8re le concept tel q u ' u W  en intelligence artificielle distribuée. L'article se termine 

par une énumération des spécifications qui &coulent du modèle, en vue d'une bventuelle 
implantation dans un environnement informatique à base d'acteurs. 

La conclusion générale rassemble les contributions originales de la recherche, notamment 

en ce qui concerne le rôle primordial j o d  par le concept d'engagement dans la compré- 
hension des phénom&nes émotionnels. Ce construit hypothdtique, tel que d é f ~  et utilisé 
dans la thèse, offie en effet une valeur descriptive et explicative exceptionnelle. Il permet 
d'établir une distinction plus claire que jamais entre les besoins et les émotions, il rend 

compte de la nature ineinsèquement sociale des émotions. et il offre un cadre cohtrent 
pour la repartition taxinomique des diffkrentes catégories d16motions. Au profit de la 
recherche en IAD. il offre une base pour l'explicitation des contraintes qui président ii la 
coopération enüz les agents, et permet de formuler des spécifications précises pour une 
implantation de structures de contrôle remplissant les fonctions principales des méca- 
nismes émotionnels chez les vivants. Finalement, dans le contexte de la motivation 
scolaire, il offre un champ nouveau d'exploration pour mieux comprendre les bases intrin- 

sèques et interactives sur lesqueiles reposent la persistance et l'engagement des élèves. 
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Chapitre 1. 

Introduction générale 

1.1. Introduction: deux anecdotes,,, 

Un soir de  juillet 1989, je déambulais dans les rues du Vieux Montréal. avec ma 

compagne Danièle, ma nièce Sophie. âg6e de 11 ans. et  mon neveu Pieter. âgé de 13 ans. 

À une intersection. j'eus l'imprudence de  traverser un botdevard A quatre voies. tenant ma 

nièce par la main, et circulant au travers des voitures irnmobilisks aux feux rouges Au 

moment d'atteindre le trottoir, j'entendis d e m h  moi le bruit des embrayages, compris 

que les feux avaient dû Wer  au vert, e t  fus pris d'un temble pressentiment Je pivotai 

aussitôt, aperçus ma compagne seule sur le trottoir d'en face. et Pieter qui courait vers 

nous 2 vive allure, zigzaguant entre les voitures qui s'apprêtaient à demarrer. Dans le 

même éclair, j'apequs, dans l'allée de gauche. celle qui était la plus près de moi. une 

voiture s'ejectant du tunnel de l'autoroute à pleine vitesse, dans une voie libre et devant un 

feu vert Le cri d'horreur qui surgit alors de ma poitrine, probablement le plus violent que 

j'aie jamais hurle de toute ma vie. fut si aigu et  si intense que les conducteurs et  les 

passagers des voitures il l'arrêt me jetèrent des regards effarés. Mais il eut aussi pour effet 

que Pieter figea de stupeur ... et que la voiture fida quelques centimètres devant lui, e t  à 

quelques millisecondes seulement de le happer de plein fouet! 

L'evénement fut si fortement imprégné dans mon esprit que. plusieurs jours duran& je 
pouvais revoir en pensée, avec une précision et une vivacité extrêmes, le choc d'une 

collision qui n'avait pourtant pas eu Lieu. Aujourd'hui encore, je n'arrive toujours par à 

imaginer quoi que ce soit d'aune que ce cri, qui eût pu, danr les circonstances, éviter le 
pire et prévenir le drame. Je n'au& certes pas eu le temps de bondir pour retenir l'enfant, 

et je ne peux concevoir aucune phrase utiie A proferer ni aucune stratégie rationnelle qui 

auraient pu, dans une situation aussi critique et aussi d b p t r é m e n t  urgente. avoir un 

impact aussi salutaire. Bien sûr, il n'était pas inévitable que cette strategie réussisse, e t  



j'aurais tout aussi bien pu crier une fraction de seconde trop tard. avec le résultat que 

Pieter se pétrifie juste devant le bolide. Il me semble néanmoins évident que. dans cette 

circonstance. nos structures émotionnelles respectives. à mon neveu aussi bien qu'à mi. 

ont rempli l'une des fonctions essentielles qui ont présidé A leur apparition et à leur 

sélection à travers I'évolution. Car l'efficacité de mon intervention n'a pu reposer que sur 

l'heureuse combinaison de ma réaction automatique à proférer un cri d'une telle intensité. 

mais également de la prédisposition de mon neveu (comme des autres témoins d'ailleurs!) 

à réagir à un tel cri avec une tiayeur suITwte pour freiner sa course. 

L'événement illustre comment les émotions peuvent, dans cenaines circonstances, mettre 

à la disposition des individus des stratégies de résolution de problèmes extrêmement 

puissantes. et souvent plus efficaces pour leur survie que celles rendues ultérieurement 

possibles par le développement de l'intelligence et de la rationalit& Même si. dans notre 

société instrumentale et technologique. les réactions émotionnelles sont souvent décriées 

au profit de la rationalite. même si l'on encourage inconsidérément leur contrôle sinon leur 

mise au rancart, aussi bien dans la vie professionnelle que dans la vie de l'ecole, il reste 

que peu de gens apprécieraient vraiment un individu totalement dénué d'émotions. Bien 

que nous nous targuions d'être l'espéce douée des facultés intellectuelles les plus 

complexes et les plus élaborées. le fait est qu'on ne connaît pas non plus d'espéce plus 

6motionnelle que la nôtre. et que l'évolution de nos fonctions cognitives les plus évoiu6es 

semble s'être réaiide énmgement de pair avec la c ~ m p l e ~ c a t i o n  croissante des capacités 

dmotionnelles de nos ancêtres mammifères et primates (Damasio. 1994a. 1994b; Kolb et 

Taylor. 1990; LeDoux. 1989; MacLmn. 1993; MacLean et Guyot 1990). 

La nature des relations qui existent entre nos capacités cognitives et nos capacités 

6motionnelles reste cependant fort tknébreuse et. dans le contexte d'éducation qui nous 

préoccupe au premier chef. il n'est pas du tout évident que l'intégration éventuelle de ces 

capacités offre des possibilités tellement prometteuses ou innovatrices pour l'amélioration 

des stratégies pedagogiques et didactiques. L'anecdote suivante illustre cependant l'impact 

qu'une meilleure compréhension des interactions entre les domaines de l'émotion et de la 

cognition pourrait entraîner sur les capacités d'apprentissage des apprenantes et des 

apprenants. 

À la Faculté d'education de lfUniversite de Sherbrooke, jtai enseigne pendant plusieurs 

années les rudiments de la programmation en Logo. à une clientèle étudiante se destinant à 



l'utilisation pedagogique de l'ordinateur en education. En dCbut de session, ap& avoir 
explique le plan de  cours et les exigences d'6valuation. je dCmarrais chaque fois en 
regroupant les etudiantes et les ttudiants par Cquipes de deux devant l'ordinateur, e t  en 
leur faisant exécuter d'emblée quelques exercices simples à l'aide des primitives de base 
du langage. Mon idée Ctait d'enseigner ce langage un peu comme une langue naturelle, et 
d'amener très rapidement mon auditoire bredouiller quelques "phrases USormatiquesn 

dès que les premiers mots ont tté acquis. Je déambulais dors dans la salle de classe, 

commentant les essais et  les erreurs de chacun ou chacune, avant de récapituler plus 
formellement pour l'ensemble du groupe la matière couverte jusque 1à 

À I'une de ces séances. j'aperçus une équipe qui semblait hésiter devant les exercices à 

effectuer, et je constatai que la jeune femme du groupe semblait tendue, en  t ta t  de 
panique, avec des larmes au coin des yeux. D'un ton que je souhaitais le plus neutre 
possible. je m'informai comment se dtroulaient leurs exercices d'exploration. L'étudiante 

debita aussitôt qu'elle ne comprenait rien il tout ce charabia, qu'elle n'avait d'ailleurs 

jamais tté douée pour les math6matiques ou les sciences, et qu'elle allait certainement 
devoir abandonner le cours. Je pensai alors adopter mon ton le plus rassurant, un peu 
paternaliste même, du genre: "Mais non voyons. ça ira, vous allez voir, c'est plus facile 
que vous n e  le croyez ..." 11 me vint cependant une autre idée, qui devait s'avérer 
particulièrement féconde. Je me tournai plutôt vers le jeune homme, et lui demandai si tout 
allait de son côté, e t  s'il comprenait bien, pour sa part, les consignes et les exercices. il se 
troubla un peu, bredouilla qu'il ne savait pas encore vraiment, qu'il pensait faire d'abord 
quelques essais, et qu'il verrait bien ensuite. L'6tudiante interloqutk répliqua: "Comment 
cela, toi non plus? Ah bon, je ne suis peut-être pas si bête après tout, on va essayer pour 
voir..." 

De ne plus se percevoir comme déficiente, à ses propres yeux comme par rappoa au teste 
du groupe, lui donna un tel regain de confiance qu'elle prit même goQt et curiosité au reste 
de la dance, et y gagna de plus en plus de plaisir - et de compétence - de semaine en 

semaine. Eue termina fmalement la session parmi le peloton de tête, et appliqua même sur 
un emploi de monitrice pour un camp dt&é en informatique offert aux jeunes de la région, 
emploi qu'elle obtint d'ailleurs sans difficulté. Entre la jeune femme qui se préparait a 
abandonner carrément un certif~cat, et celle qui appliquait seulement quelques mois plus 
tard pour un travail requerant justement des habiletés en programmation informatique, et 

même une aisance à l'expliquer d'autres, il y a ce- tout un monde! 



Or ce ne sont pas tellement des stratégies d'ordre pédagogique ou didactique, au registre 

du rationnel. qui sont parvenu à susciter un tel "bond mental", mais une toute petite 

intervention. juste au moment opportun. au registre & l'émotionnel Certes. les réactions 

d'ordre emotiomel n'ont pas toujours un impact aussi spectaculaire. ni aussi claireme% 

bénbfique. Toutefois, les deux exemples présentés ci-haut révdent que nos structures 

Cmotiomelles renferment une puissance d'opération et de transformation des conduites 

souvent insoupçonnée. Non seulement peuvent-elles, comme dans le premier exemple. 

contribuer carrément à sauver des vies humaines, mais aussi peuvent-elIes. au plan de 

I'apprentissage, de la formation et des choix de can-2~. d6verrouiller. comme I'iilustre le 

second exemple. des barrières q u i  d'un point de vue strictement cognitif, auraient pu 

apparaître Liü&aiement insurmontables 

1.2. Le problème 

1.2.1. Vers un modèle "cornputationnel" des émotions 

Une utilisation efficace des ressources Cmotionnelles il des fms d'enseignement e t  

d'apprentissage, et même plus gén6ralement comme outils de résolution de  problème, 

requiert cependant un modele suffisamment sophistiqué des processus t5rnotionneIs. ainsi 

que de  leur articulation avec les processus 6nidits ailleurs en sciences cognitives, tels la 

mttacognition, les stratégies de r6solution d e  problhne, les différents modes de 

repdsentation des connaissances. les processus qui interviennent dans Le raisonnement 

analogique et le transfert des connaissances ... Les concepts théoriques éiaborés dans ces 
divers domaines de recherche ont en effet déjà permis une explicitation satisfaisante (et 

utilisable) des mtcanismes mentaux qui interviennent dans l'enseignement e t  

l'apprentissage. Ils se sont alors traduits. notamment dans le domaine de  I 'enseignement 

stratégique (Tardif* 1992, 1995). par un dkoupage et un réamenagement plus ad6quaî.s 

du curriculum scolaire, et par la conception de proc6db plus efficaces au profit d e  

l'éducation et de la pratique pédagogique. 

La contribution des travaux poursuivis en Intelligence Artificielle (IA) s'est averée radicale 

e t  décisive à cet 6gard. Il n'est pas exagdré e n  effet d'affmer que cette discipline a joue 

un rôle de  catalyseur au sein des sciences cognitives (Gardner. 1985). Cela s'est produit 



parce qu'elle requkrait d'office, pour la résolution des problèmes complexes abordés (par 
exemple l'automatisation du traitement de la langue nanuelle), l'interaction etroite de 

plusieurs champs disciplinaires autrefois &anches. Une autre raison importante consiste 
cependant dans le fait qu'elle offrait, par l'intermtdiaire des langages informatiques 

utilisés, une solide base de formalisation des phénomènes de pensée et de comportement, 
dont la rigueur n'avait dhormais rien il envier aux modélisations qui avaient contribué ii 

donner leurs lettres de noblesse aux sciences physiques (Simon. 1995). 

Le succès de l'approche de 11A repose en bonne partie sur l'attitude épistémologique à la 
fois rationaliste et constructiviste que cette discipline suscite. L'idée fondamentale en est 

d'etudier les phhomènes mentaux, non pas teliement par une observation empirique des 

comportements, mais en essayant plutôt de les simuler et de les reproduire. On y retrouve 
en fait l'esprit de la perspective piagétieme. selon laquelle l'intelligence se développe par 

une reconstruction active du monde ext6rieur, effectuée par le sujet, qui conceptualise le 
d e l  en agençant progressivement les représentations mentales des transformations qu'il a 
lui-même effectuees sur son environnement (Piaget, 1936, 1947). La ddmarche de I'IA 
constitue essentiellement une approche d'ingknierie. Seymour Papen (1973) rappelait, 

dans une de ses conférences, que les principes de I'aéronautique avaient bté Clabods, 
moins en observant systématiquement le vol des oiseaux, qu'en essayant activement de le 
reproduire, à l'aide de dispositifs comme des planeurs ou des avions, capables de réaliser 
une performance comparable. D'une façon analogue, 11A essaie de spécifier, en essayant 
& les reproduire, les divers processus sous-jacents aux comportements intelligents. 

À titre d'exemple, même pour un probléme aussi trivial que le jeu de tic-tac-toe, un 

programmeur novice devra, au préalable, réfléchir à la façon dont lui-même jouerait ses 
coups. Il devra représenter soigneusement chacune de ses stratégies, ainsi que la façon 
dont il sait reconnaître et représenter chaque situation de jeu. La première version d'un tel 
programme sera génhiement battue à plates coutures par le premier joueur humain venu. 
C'est qu'a moins de disposer déjà d'une analyse sophistiquée du jeu. le cogniticien en 
herbe aura Maisemblablement oublié de spécifier certaines conditions ou stratégies plus 
subtiles. qui sont moins facilement identifiables à l'introspection, ce q u i  relancera la 
programmation vers une version plus performante. Ce va-et-vient extrêmement fécond 
opère une espèce de grossissement, un peu !! la façon d'un microscope projed sur les 
stnictures mentales, facilitant I'identification et I'explicitation des processus requis pour 
I'accomplissemeni d'une tâche donnée. Par les ratés d'une simulation ou par la singdaritt5 



de certains comportements recréés, il met en evidence les s~cifications imprécises, il 

souligne les carences, il retourne conm elles-mêmes les théorisations vapes, incomplètes 

ou inadéquates. 

Diverses conceptualisations fondamentales. aussi bien pour le dtveloppement de la 

cognition que pour l'éducation. sont issues de l'application de cette métaphore établit: 

entre le cerveau et l'ordinateur. C'est par exemple le cas des conceptions actuelles de la 

mémoire. en termes de mémoire sensorielle. de mémoire de travail à capacité limitée. de 

memoire à long terme, conçue comme un vaste réseau sémantique. où la recherche 

d'information s'effectue par propagation d'activation (Anderson et Bower. 1973). C'est 

kgalement le cas dans la caractérisation des différents modes de reprkntation. en termes 

de comaissances d6claratives. procédurales ou conditionneLles. ou sous le format plus 

structuré des "frames". des scripts ou des schemas (Anderson, 1980). Autant d'outils 

théoriques qui se prêtent désormais à une exploitation pragmatique dans le contexte 

pédagogique de l'école et des autres milieux de formation (Gagné. Yekovitch et 

Yekovitch. 1993; Paquette. Aubin et Crevier. 1994; Tardif. 1992. 1995). 

Pour diverses raisons. il nous a semblé qu'une perspective analogue pourrait s'avdrer 

Cgalement féconde afin d'opérationaliser la myriade des concepts qui recouvrent les 

phénomènes affectifs. Tout d'abord, les processus émotionnels. ayant leur sikge dans les 

structures du système limbique et des lobes fronuux et temporaux (Davidson. 1992; Kolb 

et Taylor, 1990; LeDoux. 1987, 1989, 1993; Madean. 1993; MacLean et Guyot, 1990). 

appartiennent Cgalement au domaine mental, et leurs interactions avec les processus 

cognitifs, tels qu'en tkmoignent les exemples présentés dans la section précédente. 

suggèrent qu'on se retrouve dans un ordre de complexité comparable. Deuxièmement, 

116motion constitue, tout comme l'intelligence. un construit hypothétique recouvrant des 

phénomènes dont les effets ne sont perceptibles qu'indirectement (Kirouac, 1989. 1993). 

Or. l'approche de simulation et d'ingénierie utilisée en IA a déjà fait ses preuves pour 

l'explicitation des processus mentaux, en abordant des phénorntnes apparemment aussi 

peu descriptibles que l'intuition. l'inspiration. la perspicacité, le processus de découverte 

(Kaplan et Simon. 1990; Kukarni et Simon. 1988; Simon, 1995). En troisième lieu, 

l'évolution des recherches dans le domaine de I'IA rend de plus en plus envisageable. en 

m2me temps que théoriquement avantageuse. l'intégration des dimensions affectives dans 

la modélisation des processus mentaux. C'est notamment le cas à travers la préoccupation 

toujours centrale d'arriver à représenter le sens commun (McCarthy, 1990; Minsky. 



1985), à travers le ddveloppement de la robotique et de la vie &cielle (Brooks. 1991b; 
Maes, 199 la; S teels et Brooks, 1995). et travers les recherches sur les systèmes multi- 

agents en intelligence artificielle distribuée (Bond et Gasser, 1988; Dernazeau et Muer,  

1990, 199 1; Gasser et Huhns, 1989; Huhns, 1987). 

Plusieurs auteurs en sciences cognitives et en IA on en effet soulignd l'importance, voire 

la nécessité, pour arriver à capter dans un syseme artificiel les habiletés de raisonnement 

qui correspondent au simple "bon sens". de le doter de mécanismes d'ordre motivatiomel 

ou émotionnel (Minsky, 1985; Norman, 1980; Simon, 1987; Sloman, 1987, 1992, 1995; 
Sloman et Croucher. 198 1). L'un des concepts clés il cet Cgard est celui dtintenn'onnaIité. 
Intimement reliée la gkdration et à la gestion d'une structure de buts, cette notion 

apparaît effectivement, dans la plupart des th6oris cognitives des bmotions, comme l'une 

des caractéristiques essentielles des structures émotionnelles (Frijb, 1986; Johnson- 

Laird, 1988; Oatley et Johnson-Laird, 1987; Oatley. 1992; Ortony. Clore et Collins. 
1988; Sloman, 1987). 

Les progrès de la robotique, pour leur paris ont en quelque sorte contribué à "donner un 
corps" aux systèmes anifiiciels, en assurant un câblage efficace entre les capteurs 

sensoriels et les dispositifs de locomotion. Pour certains auteurs (Brooks, 199 1 a, 199 1 b), 
la compréhension et la maîtrise de la sensori-motricité apparaissent même comme un 

prérequis incontournable à la conceptualisation et A la réalisation de systhmes artificiels 
v6ritablement intelligents, une vision qui n'est pas sans rappeler la position de Piaget sur 

la genèse de l'intelligence à partir des tout premiers schèmes réflexes maget, 1936,1947. 
1967). Cet objectif a même entraûié l'apparition d'un nouveau domaine de recherche au 
sein de 1% la vie artificielle (Steels et Brooks, 1995). Le chercheur y est cependant vite 

conduit à questionner s'il suffit 2 un organisme, vivant ou adficiel. de disposer de 

mdcanismes de perception et & locomotion, pour être automatiquement doue d'autonomie 
et adaptk il son environnement (McFarland, 1995; Steels, 1995). La question de la 
sensori-motricité renvoie en effet à ceiles de la motivation, des besoins et des émotions: 
pour un organisme donné, qu'est4 nécessaire et vital de chercher à percevoir et 

reconnaître (par exemple. des sources de nourriture, un parent ou un petit, un prédateur 

potentiel, etc.), et vers où faut-il choisir de se déplacer? C'est ce qui explique que ces 
pr6occupations prennent une place de plus en plus importante dans ce domaine de 

recherche (Maes, Matanc, Meyer. Pollack, et Wilson, 1996). Reciproquement, 

L'importance que revêt le corps physique dans la phénoménologie et dans l'expression des 



emotions, et probablement jusque dans leur représentuîion (Damasio. 1994a; voir en 

particuiier le chapitre 8: "The somatic marker hypothesis") devient désormais accessible à 

la modtlisation. notamment par le biais des diverses maténaüsations ("embodiments") qui 
constituent les objets essentiels de la robotique. 

Fmdernenf l'apparition relativement récente d'ordinateurs il calcul paraLI2le a entraîne une 
autre reconceptualisation significative dans la mod~isauon des processus mentaux. L'une 

de ces transformations concerne l'emergence de liinteIligence artificielle distribuée (IAD). 

Apparue il y a une quinzaine d'années 3 peine. cette nouvelle discipline reléve d'une 
"métaphore" à caract2re plutôt sociologique (Gasser, 199 1 ; Minsky. 1985) que 

psychlùgique. Alors que 1'IA "classique" s'efforçait d'élaborer des systèmes capables de 

représenter des connaissances et de dsoudre des problbmes. en prenant essentiellement 
comme modéle l'individu, le paradigme de l 'AD repose plutôt sur le constat que les 

problèmes complexes du monde réel sont genéralement abordés et solutionnés. non par un 
individu qui y travailie isolément, m i s  pur une "équipe de spéciafistes" qui colMorent 
entre eux à leur résolution (Komfield et Hewitt, 1981; Lenat, 1975). L'intelligence 

artificielle distribuée cherche donc ii incorporer en IA cette dimension particuli&rement 
efficace du fonctionnement humain. en distribuant une tâche donnée en sous-processus 

autonomes (ou agents) qui opemont en parailble. contribuant collectivement 2 la 

résulution du problème initial. Outre la question d'efficacité. il est intéressant de souligner 

que cette approche est egaiement porteuse dtune réflexion epistémologique sur la nature de 

la connaissance envisagée comme namacrion entre sujets connaissants. une vision qui 

n'est sans doute pas si éloignée de celles qu'avaient par exemple Mead (1934). Vygotsky 

(1978) ou Bandura (1986) 2 propos de l'apprentissage. 

Or. bien que l'id& d'une communauté de processeurs agissant de concert dans la 

résolution d'une tâche complexe s'avère une metaphore séduisante. elle n'en soulève pas 

moins son propre contingent de pro bièmes, notamment celui d'assurer la coordination de 

ce "travail d'&pipe" et de déterminer les modes de communication et de négociation entre 

les diffkrents partenaires. Dans une revue g6nérale des ciifferentes recherches rédis& en 
W. Bond et Gasser (1988, p. 10) identifient les probDmes de fond qui confrontent les 

chercheurs dans œ domaine: 

- comment formuler et décomposer les problèmes pour en assurer une distribution 
efficace entre les dB6rents agents? 

- quel protocole de communication adopter; quoi communiquer, et quand le faire? 



- comment assurer la coherence dans le comportement des agents. comment 
réduire le risque d'effets globaux, possiblement nefastes. dsultant de décisions 
prises sur une base locale? 

- comment doter les agents de la capacité de se représenter adéquatement les 
connaissances et les comportements des autres agents, de façon il assurer une 
bonne coordination de leurs actions respectives? 

- comment concilier les points de vue divergents et résoudre les conflits qui 
surgissent au sein d'une communauté d'agents cherchant à coordonner leurs 
efforts? 

Queile est donc la caractéristique commune ces differents probEmes? Elle est en tout cas 

suffisamment abstraite, car elle ne dépend d'aucune si tua tion particuliére ou spécifique. 
En fait, ce n'est pas tellement du contenu de l'information qu'il est question ici. mais de 
contrôle. au sens informatique du terme: gkn6ralement, il s'agit en effet de d&rminer, par 
les mécanismes les plus simples et les plus économiques possibles. comment circulera 
I'information. Il n'est cependant pas trop surprenant de constater que les difficultés qui 

constituent les entraves les plus sérieuses à la conception et à l'élaboration de sys thes  
d l A D  concernent justement la communication. le contrôle et la répartition de l'information 

entre les agents. Car, d'aussi loin que I'on remonte. on peut considérer que l'une des 

lignes directrices de l'évolution de ta science informatique en gc5n6ra.l. et des langages 
d'intelligence artificieile en particulier, a précisément consisté dans la recherche et la 
spécification de m e n u e s  de contrôles adéquates assurant la gestion et la coordination des 

diverses tâches que les programmes ont pour fonction de résoudre (Winston. 1984; voir 

en particulier le chapitre 5: "Contml metaphors"). 

En face de telles difficultés, la stratégie gdntrale de 11A. comme on l'a vu plus haut, 

consiste rechercher une métaphore, le plus souvent a caractère unthropomorph~ue, qui 
permette de generer des "insights" su.€€iisamment éclairants pour contourner l'impasse. On 

se regarde agir. on réfl6chit la façon dont les humains résolvent des probl8mes d'une 
nature ou d'une complexité analogue, on essaie de caractériser la solution un peu plus 
formellement, on l'implante. puis on la &vise, en prenant là encore le comportement 
humain comme référence. En rapport avec les problèmes identifiés plus haut pour I?AD, 

il est donc pertinent de se demander quels sont, chez les humains (ou plus gén6raiement 
chez les animaux). les processus psychiques dont la fonction semble se rapprocher le plus 
de celle qui est justement remplie par les structures de contrôle dans les sysemes 
informatiques. 



Or, en psychologie. c'est gdnhiernent aux processus motivationnels que l'on attribue 

cette propriété (Cofer et Appley. 1964), c'est-à-dire ii l'ensemble des facteurs et des 

dispositions qui poussent un organisme à agir et qui détemùnent chez lui ses préférences 

et son choix enire divers comportements possibles. Lindsay et Nonnan (1972; voir en 

particulier le chapitre 17: "Motivation"), dans leur introduction A la psychologie en termes 
de traitement de l'information, abordent d'ailleurs explicitement les syst2mes 

rnotivatio~els comme des systèmes de contrôle du comportement. il y a donc de bonnes 

raisons de croire que les stmcnires émotionneiles pourraient offrir, au moins & titre de  

métaphore, un modèle partir duquel conceptualiser les spécifications des stnictures de 

contrôle requises en IAD. R6ciproquement, il est bien possible que le.; réfiexions dtjja 

accumulees en informatique sur les structures de contrôle et sur les systèmes d'ophtion 

puissent contribuer il éclairer en retour les mécanismes qui opérent chez les organismes 

vivants, au chapitre & la motivation et des &motions. 

Bref, que l'on regarde du côté de la représentation de l'intentionnalité et du sens commun, 

que l'on se préoccupe de L'amBlioration des stratégies adaptatives inscrites dans les 

automates réalisés dans les domaines de la robotique ou de la vie ou que l'on 

cherche à formaliser des structures de contrôle adéquates pour assurer la coordination. la 

communication et la coopération dans les systèmes multi-agents, on voit chaque fois 

surgir, dans chacun de ces domaines de pointe de ltIA, l'importance d'intégrer ii 

l'approche une réflexion approfondie des mécanismes affectifs et rnotivatio~els. D'une 

part, l'approche d'ingtniene de 1'IA semble offrir des possibilités int6ressantes pour une 

conceptualisation et une opérationalisation renouveldes des processus 6motionnels. 

D'autre part, une meilleure cornpr6hension des m&canismes sous-jacents au 
déclenchement et il l'expression des Cmotions pounait bien, en retour. contribuer i 
deverrouiller certains problémes de fond concernant les structures de contrôle. 

l'autonomie et i'adaptabilid dans les systèmes mdti-agents. 

1.2.2. Quelques distinctions: affect, motivation, émotion 

Nous avons jusqu'ici utilisC de façon quasi interchangeable les trois ternes d'affectif, de 

motivationnel et d'&notionnel. Bien que ces termes entretiennent effectivement des 

relations très Btroites, il importe d'etablir au préalable quelques nuances. Le premier, celui 

d'affect, est probablement le plus gén6ral: "On désigne habituellement par processus 

affectifs tous les &ais impliquant des sensations de plaisir-déplaisir ou encore lies au 



registre agréable-d6sagréablen (Kirouac, 1993. p. 44). C'est donc dire que ce vocable 

peut qualifier assez generalernent uoe foule de6tats tant physiologiques que psychiques. 

incluant aussi bien le plaisir, la douleur et les impressions sensorielles, que les attitudes. 

les émotions. ou les sentiments- 

Le terme de motivation constitue &aiement un concept g6n6ral. même s'il a &té parfois 

utilid, dans la Litt&rature, dans un sens plus ou moins équivalent a celui d'&motions. 

Plusieurs auteurs se sont attachés toutefois, avec des succès mitigés, à distinguer les deux 

termes. Ainsi, une distinction qui a prévalu jusqulii la  fin des années 1940 (Young, 1943. 

1949). attribuait un caractère nettement &sfonnnonnel et perturbateur aux émotions, don 
qu'&ait plutôt associ6 au concept de motivation un caractère adaptatif et organisateur des 

conduites. Cette conception sera cependant vigoureusement remise en question par Leeper 
(1948; voir aussi Duffy. 1948; et la dplique de Young. 1949). qui proposera une vision 

plus adaptative des bmotions, vues comme une catégorie particuli&re de motivations 

apparues chez les animaux plus évoloés. De plus en plus d'auteurs s'entendent désormais 

(Toates. 1986. 1988; Plutch& 1980.1984) pour considérer la motivation comme le terme 
genérique. tout en préservant son aspect fonctionnel dans la dc5termination des buts ("goal- 

orientedness ") de l'organisme. 

Affect et motivation constituent donc deux ternes englobanu: dans le premier. l'accent est 

place sur la dCtermination du caractère agréaible ou desagréable d'un objet ou d'un 

evbnement, alors que dans le second, l'accent est piad plutôt sur ce qui détermine les buts 

et oriente les conduites. Le concept de motivation est ainsi défini par Valleyrand et Thill 
(1993) comme "le construit hypothétique u W  afin de décrire les forces internes etlou 

externes produisant le déclenchement, la direction, l'intensité et la persistance du 

comportement" (p. 18). une défitioa qui rejoint d'arsez près celie de Cofer et Appley 

(1964) présentée dans la section pr6cxYente. Ainsi entendu. cette notion recouvre aussi 

bien divers Ctats physiologiques comme la faim, la soif ou le désir sexuel, que des 6tats 

psychiques tels la peur. l'anxieté. la colère, la joie ou I'anachement parental. Le terme de 

besoins sera utilisé pour désigner la premi5re de ces sous-catégories. et celui d'émotions 

sera plutôt réservé la seconde, la distinction entre les deux types de comportements 

reposant sur les critères suivants (Plutchik 1980, pp. 362-363; 1984, p. 214): 

- les Cmotions sont habituellement &lenchées par des stimulations extérieures, alors 
que les besoins résultent de changements intemes dans cenains ttats physiologiques; 



- les tmotions surgissent en p&nce d'objets ou d'evénements dklencheurs. alors 
que les besoins se manifestent plutôt en l'absence de certaines stimulations & 
caractère hornéostaue; 

- les Cmotions ne dépendent pas d'objets spécifiques (une varieté de  situations 
peuvent susciter la peur), alors que les besoins dependent d'objets particuliers. 
comme l'eau ou la nourriture; 

- les 6motions sont consécutives à la perception et à i'c!valuation d'un objet ou d'un 
événement, alon que les besoins précedent au convaire la recherche d'un objet 
n k e s a k e  pour leur satisfaction; 

- les Cmotions dependent d'événements qui peuvent se produire sur une base 
aléatoire, alors que les besoins présentent plutôt un caracere rythmique. 

Les émotions constituent donc un type dtCtat particulier. Plus précisément, selon un 
consensus relatif qui semble se dégager parmi plusieurs théoriciens actuels (Frijda, 1986; 
Izard, 1993; Kirouac. 1989, 1993; Oatley, 1992; Plutchik, 1984), elles peuvent être 

dtfmies comme un étm mental hypothétiipe, résultant de lëvaliiotion d'un objet ou d'un 
événement significatif pour l'organisme, et qui se traduit alors par un ensemble complexe 
de réactions. Ces diverses manifestations incluent: une "coloration" phénornénologique 

particulihe, une expression typique (faciale, vocale. posturale) ayant valeur de signal. une 

réaction du sysBme nerveux autonome, ainsi que l'activation d'un répertoire s p W q u e  

d'actions. 

11 s'agit en effet d'un construit hypothktique, puisqube partie seulement du processus 
6motionnel est observable, et que la plupart des 6v6nements mentaux sous-jacents doivent 
être inf6ds. L'Ctat psychique caractérisant la réaction emotiomelle semble tout d'abord 

requerir une Bvaluation ("appraisal") de Itc!v6nernent déclencheur. sans lequel celuici ne 
peut prendre de signifiication pour l'organisme: un animal doit par exemple être perçu 
comme menaçant ou dangereux pour pouvoir Cvoquer la peur. Il existe une relative 
unanimité dans la littérature à l'effet que certaines "classes de situations" entraînent 

universellement des réactions &notionnelles analogues (Scherer et al.. 1986; Lutz, 1988): 
la aistesse semble ainsi partout relik une perte (d'un êm cher ou d'un objet valorise); la 

joie est fréquemment associte ik la présence d'êtres proches ou à la réception de 

ressources; la co12re est souvent évoquée quand un obstacle entrave la réalisation d'un but 
convoité, etc. Il est important de préciser cependant que ces tvaluations ne sont pas 

toujours nécessairement conscientes, et  que la plupart des organismes semblent même 

disposer de pavons in& de réactions ii cenaines situations typiques. L'organisme doit 

Cgalement entretenir déjà cenaines dispositions potentielles favorables ou defavorables 



("concems") ii Irendr)>it de l'événement p u r  que l'avènement de celui-ci puisse produire 

un effet significatif. 

Chaque Cmotion se caracdrise en outrc par une façon particulière de ressentir: être triste 

est phénorn6nologiquement très different d'avoir peur ou d'être en coke ,  et il serait 

exuêmement diffi~cile (voire impossible prétendent Johnson-Laird et Oatiey, 1989. p. 90) 
de communiquer la "qualité" de cette expérience à quiconque ne l'a jamais tpmuvée. Une 

&notion se traduit aussi par une configuration de mimiques, de gestes, de tons de voix, de 

postures, qui prennent valeur de signal et servent a communiquer avec les organismes 

avoisinants (pas nécessairement de la même espèce). Cette caractéristique a tté largement 

documentee dans le cas de L'expression faciale. dans une grande vari6t.é de cultures 

(Ekman, 1973; Elanan, Friesen et EUsworth, 1982b). chez de très jeunes enfants, même 

aveugles de naissance (Charlesworth et Kreutzer, 1973; Elanan et Oster, 1982). et jusque 

chez certains primates (Chevalier-Skolnikoff. 1973; Redican. 1982). Les réactions 

BmotiomelIes sont dgalement accompagnées de perturbations s i ~ c a t i v e s  au niveau du 

système nerveux autonome: acc616ration ou d6cCldration des rythmes cardiaque ou 
respiratoire, modification de la transpiration, vasoconstriction ou vasodilatation, etc. 

Finalement, le déclenchement d'une Cmotion active automatiquement un répertoire 

d'actions gdnCraiement en rapport avec la situation Bvocatnce: ainsi la peur rendra 

disponible une variCe de réactions comme de crier, de fuir, de se figer, d'attaquer. etc. 

Une autre caract6ristique intriguante des structures Bmotionnelies est qu'elles semblent le 

plus souvent intervenir dans le contexte de relations interpersonneiles. ou du moins enm 

individus. si l'on parle plutôt d'espèces anhales autres qu'humaines. Bien que ce soit 
parfois moins tvident dans le cas de la peur (Averill, 1980; Wallboa and Scherer. 1986; 

Scherer and Tannenbaum, 1986). dans la plupart des autres &actions émotionneiles 
cependant, la dimension sociale et interactive apparaît nettement deteminante. En effet, 

rien ne declenche plus efficacement la joie que le rassemblement de parents ou d'amis, ou 

1'6change de ressources entre individus (Scherer et al., 1986; Lutz, 1988). Rien ne 

déclenche la coEre comme la transgression de normes ou de conventions, surtout si eues 

sont le fait d'individus auxquels nous sommes intimement reliés (Aved, 1979, 1983). 

Les comportements de detresse ou de vistesse n'existent apparemment pas chez les 

espèces qui ne s'occupent pas de leurs petits. et qui ne manifestent pas de comportements 

maternels. de coopération ou de protection (MacLean, 1993; MacLean et Guyot, 1990). 

La culpabilité ou la honte requièrent par ailleurs, dans leur défuiition même. le regard d'un 



autre. en particulier d'un proche. que notre propre Comportement risque de décevoir. et 

par rapport auquel notre image personnelle risque d'être entachde ou fragilisée 
(Baumeister, Stillwell et  Heatherton. 1994). Même dans le cas de la peur. l'existence 
même de signaux d'alarme suppose une certaine interaction sociale relative il la protection 
mutuelle, sans quoi ces signaux serviraient surtout à informer les prédateurs sur la 

localisation des proies, un comportement qui s'avérerait alors assez peu adaptatif. 

Paul Ekrnan (1984, 1992b). qui s'est consacré principalement I't5tude de l'expression 

faciale des bmotions, propose de rajouter trois composantes P celles d6jja Cnum6rées. Tout 
d'abord. les réactions Bmotionnelles sont susceptibles d'un déclenchement extrêmement 
rapide, en fait de l'ordre de quelques millisecondes, si bien que la conscience même de 

leur déclenchement nous échappera souvent. Elles sont ensuite d'une durée relativement 

courte, de l'ordre de quelques secondes seulement D'après Ekman. cette caracdristique 
permet, selon la persistance de l'ktat qui est subi. de distinguer les tmotions d'autres états 

affectifs comme les sentiments, les humeurs ("moods"), les traits de personnalité et 

jusqu'aux désordres émotionnels. C'est donc cette variable qui distinguerait selon que la 

du& est plus ou moins longue, que l'on &prouve simplement de la tristesse, ou que l'on 

est afflige par un deuil, que l'on se sent d'humeur maussade. que l'on est de ternphment 
pessimiste. ou que l'on souffre camément de neurasth6nie. Ekman rajoute fuialement le 
caractère involontak des réactions tmo tionnelies. qui semblent s'imposer d'elles-mêmes, 

et operer en dépit de  notre volonté. Or ces trois caractéristiques confortent assez bien 
l'idée, que nous avions formulée plus haut, d'exploiter les processus 6motionnels comme 
prototypes de structures de conrrôle pour les systèmes multi-agents. Combinées h l'id& 

de 1'6valuation d'événements qui  puisse s'effectuer sur une base sommaire et 
automaùque, à l'idée de signaux de communication universels entre les diE6renis agents e t  
à l'idée d'un répertoire préprogiamm6 de réactions spécifiques aux situations d'urgence, 

ces caractkistiques suggérent déjà quelques spécifications fonctionnelles pour le design de 

structures de contrôle en  IAD. 

1.2.3. Les émotions comme structures de contrôle 

Cette idée d'envisager les processus 6motionnels comme structure de contrôle n'est 
pourtant pas neuve. il y a une trentaine d'années dé.jà, Herbert Simon (1967) postulait 
qu'un organisme adaptatif devait necessairement disposer de systèmes d'intemption 
permettant de rediriger l'attention et le traitement vers les situations d'urgence qui  



pouvaient toujours se manifester dans un environnement ouvert. Dans le contexte d'un 

processeur essentiellement sériel, cela supposait qu'une partie du temps de traitement soit 
réguli8rement affecte il la surveillance de cenains signaux d'urgence. Les réflexions de 

Simon s'averaient peut-être trop innovatrices pour 1'6poque. puisqu'elles ne donnèrent 

suite il aucun développement significatif avant le dkbut des années 1980. Depuis lors, 

cependant, de plus en plus de thkoriciens et de chercheurs (Minsky, 1985; Oatley, 1992; 

Oatley et Johnson-Laird, 1987. 1996; Sloman, 1987; Sloman et Croucher, 198 1; Frijda, 
1986; Frijda et Swagennan, 1987) vont reprendre ce filon pour tenter d'articuler Les 

relations incontournables qui  existent entre Cmotion et cognition 

Minsky (1985; voir section 3.6, "Pain and pleasure simplified", p. 37). par exemple, 

attribue aux 6rnotions une fonction de gestion par le fait qu'elles imposent une 

simplification radicale dans la complexité des choix auxquels se retrouve habituellement 
confronté l'organisme. Ainsi, l'animal qui a peur n'a plus ii choisir entre t'objectif de se 
nomir, de jouer ou d'explorer son enviromement: il est concentd sur le danger, et toutes 

ses ressources, aussi bien physiologiques que cognitives sont mob ï i i sh  2 cette fm. Une 

autre contribution intéressante de cet auteur il la compréhension des rapports entre Cmotio~ 

et cognition concerne ce qu'il appelle "I'apprentissage-par-attachementn. Minsky (1985; 

voir section 17.2. " Attachent-leaming", p. 175) postuie que la tâche de se cons& une 

identité et de formuler les valeurs et les idéaux qui structureront ses comportements 

constitue une tâche beaucoup trop complexe pour un individu seul. La solution qui aurait 
Cté Claborée progressivement A travers l'évolution consisterait dans une espèce de 

nverouiUage" plus ou moins innt? attachant l'enfant ou le jeune animal (on parlera alors 

plutôt d'imprin ring) A un petit nombre d'adultes spécifiquement determin& dont il 
emprunterait de vastes fragments de comportements tout faits e t  déja pratiquement 

opérationnels dans l'environnement physique - et surtout social - où ce nouvel individu 

aurait à évoluer. 

Certaines recherches récentes en neurophysiologie (ROUS, 1990) ainsi qu'en éthologie 

humaine (Tevarthen. 1984; voir aussi ce  sujet Izard, 1984; Hanis, 1989), sugg8rent en 

effet que l'enfant est dkjja équipé, dès la naissance. pour ce "vemouiUagen, par sa capacité 

de reconnaître la forme des visages et les sons de la voix humaine. En outre, les réactions 
émotionnelles de joie ou de d&tresse, qui se traduisent par les rires, les sourires, les cris et 

les pleurs, ainsi que par des expressions faciales typiques, assureraient justement le 
dkmarrage de la communication entre la mère et son enfant. Bien sûr, au début, il ne 



semble pas que l'enfant interprète m d  chose des interventions de sa mère. Mais il y 
réagit e l  comme on peut le percevoir a partir d'enregistrements magnétoscopiques. c'est 
elle qui donne du sens aux réactions de son enfant, en les "ponctuantn de ses propres 

réactions Cmotio~eUes. Ainsi progressivement. l'enfant semble apprendre le sens & ses 
propres interventions partir de la façon dont sa mère elle-même les interprète. Pour un 

observateur ext&ieur, les p r e d r e s  dactions de l'entant peuvent sembler &jja chargées de 

sens. Mizk c'est lhteraction é m ~ n n e l i e  de la mére avec son enfmt qui confire en réaiité 

cezte significution, et la qualité de cette interaction sera vraisemblablement determinante 

pour le dCveloppement ulterieur de l'intelligence, du langage e t  des outiis de 

communication. 

Dans une telle perspective, les stmcnires émotionnelles constituent une assise 

fondamentale sur laquelle élaborer par la suite des structures cognitives plus complexes. 

Oatley et Johnson-Laird (1987, 1996; voir aussi Oatley, 1992) proposent même que les 
tmotions jouent un rôle essentiel dans la plâLLification "rationnellen d'un organisme et la 

poursuite des buts qu'il se fixe. Ces chercheurs ont en effet élaboré une théorie cognitive 
selon laquelle les &notions surgissent lorsque i'évahation de la rkussite d'un plan 

poursuivi par un individu, est modifiée par un tvénement quelconque. Selon eux, les 

émotions apparaissent typiquement lorsqu 'un organisme est confronté à la réalisation 

d'objectifs multiples, danr wi environnement complexe et dificilement prévisible. oii 

l'information et les ressources sont rares et incomplètes, et où 1 'interaction (coopératiun 

ou conjlit) entre plusieurs organ ismrs apparaît inévitable (Oatley . 1 992, p. 3 1 -36). Les 
tmotions se seraient justement d6veloppées. il travers l'évolution, pour permettre à 

I'organisme de dttecter les situations où surgissent des 6vénements qui imposent des 

modifications soudaines dans la structure des buts. Elles assureraient une prise en charge 
adaptative de ces situations probKmatiques en Cmettant cenains signaux spédiques dont 

la fonction serait d'activer un répertoire de réponses stéréotypées. mais le plus souvent 

appropriées. 

Un aspect indressant de cette Ihéorie. c'est que les mêmes mécanismes de base servent 

aussi bien pour la gestion interne des comportements d'un individu, que pour la 
coordination externe des membres d'un groupe: une réaction Cmotionnelle de peur aura 
ainsi pour effet de mobiliser et de contrôler differents sous-processus (sensoriels, 

moteurs, affectifs, cognitifs) au sein d'un même individu, mais son expression alertera en 

même temps les autres membres de la communautk, dont le comportement en subira alors 



également les effets en termes de coordination et d'inieractioa L'exemple présenté au tout 

ddbut illustre d'ailleurs de façon remarquable comment les structures dmotio~elles 

peuvent agir comme structure de contrôle dans un système multi-agents en permettant 

d'interrompre ou de modifier drastiquement la séquence d'execution des comportements 

internes dejjà enclenchés chez l'un des agents, à partir d'un signal émis par un autre agent, 

opérant lui-même sur ses propres buts: le cri exprimant ma teneur a ainsi pu réussir à 

modifier la course effrénée de Pieter. Il est essentiel de comprendre ici qu'un signal qui 

n'aurait pas disposé de ce stantt de structure de contrôle, avec une capacité d'interruption 

et une priorité extrêmement 61evée, n'aurait jamais pu produire un tel effer 

En bref, la recherche men& dans le cadre de la présente th& vise expliciter la fonction 

adaptative des stmctures émotionnelles en exploitant la métaphore cerveau-ordinateur. À 
l'instar des recherches d'intelligence destinées élucider le fonctionnement dzs 
processus cognitifs, eue tentera de proposer un modèle plausible de i'articulation et du 

fonctionnement des structures émotionnelles. Nous chercherons donc à déterminer 

certaines des convaintes ("requirements") qui auraient pu, dans le contexte de I'évolution, 

requérir, comme solution adaptative, l'opération de mécanismes correspondant aux 

émotions. Nous tâcherons ensuite de formuler un certain nombre de spécifications 

permettant Cventueilement l'implantation de tels mécanismes sous la forme de structures 

de contrôle efficaces pour la coordination et la gestion de systèmes multi-agents, peuples 

d'agents informatiques doués chacun d'une relative autonomie. 

1.3. Considérations méthodologiques 

Ii s'agit donc évidemment d'une recherche de type théorique - ou "spéculative", selon la 

terminologie de Van der Maren (1993). Bien que cet auteur distingue trois formes de 

l'analyse spéculative - conceptuelle, critique ou inferentielle - notre recherche devra 

forcément puiser il chacune d'entre elles. L'analyse conceptueiie "a pour objectif de 

dégager le sens et les possibilités d'application d'un concept" (p. 6.4). L'analyse critique 

"a pour fm d'6valuer un ensemble d'énoncés théoriques afin de m e m  en Cvidence ses 
lacunes, ses contradictions, ses paradoxes. ses conditions, ses pr6suppos&, ses 

implications et ses conséquences" (p. 6.8). Finalement, l'analyse i n f k n  tieile "a pour 

objectif le développement ou l'extension de théories. [...] Le developpement d'une 



nouvelle théorie dans un domaine donné s'obtient par le transfert d'une theorie d'un autre 
domaine à la suite de la perception d'une analogie entre les domaines" (p. 6.10). 

Selon cette typologie. l'approche que nous avons retenue relkve surtout de l'analyse 
inférentielle, puisque nous tenterons d'appliquer au domaine de llAD une analyse des 
processus t$motionnels issue des sciences cognitives. et d'appliquer en retour, pour la 

conceptualisation des structures ~motiomeiles, des notions empruntées à la science 
informatique. Plusieurs des concepts ainsi utilisés proviennent surtout du contexte des 
langages programmation à base d'acteurs (ou d'objets concurrents), concernant les 

mécanismes d'interruption, le contr6le de la priorité des processus et la prise en charge 
des exceptions (Agha, 1986; Bnot, 1994; Dony. 1990). D'aunes notions concernent la 
gestion des problèmes de communication. de coopération et d'organisation rencontrés 

dans les systèmes multi-agents (Bond et Gasser. 1988; Bouron, 1992). Cependant, nous 
devrons aussi mener une analyse conceptuelle sur quelques concepts clés utilisés pour 
notre modkle, comme ceux d'&notions de base ("basic emotions"), d'appropriation 
("applaisal"), ou d'engagement ("cornmitment"), et nous devrons par ailleurs effectuer 

une analyse critique de certaines théories fondamentales en psychologie des Cmotions 
("Appraisal theones" vs "Basic emotions theuries") auxqueiles le modèle proposé visera à 

apporter certaines nuances et certains correctifs. 

Dans cette section, nous exposerons donc, dans un premier temps, comment nous avons 
choisi de p r d d e r  pour la sélection des concepts et pour la construction du rno&le. afin 

d'assurer à notre dtmarche toute la rigueur requise. Nous aborderons ensuite la question 
de la validation d'un modble "computatiomel" comme celui que nous proposons ici 

1.3.1. Le choix des concepts et la construction du modèle 

Nous avons mentionné déjà notre intention d'exploiter l'approche constructiviste de 1TA 
a h  d'expliciter les mécanismes sous-jacents aux comportements Cmotionnels. Nous nous 
sommes alors demande à quoi ces mCcanismes pourraient bien correspondre dans le 

contexte d'un système complexe de traitement de l'information tel qu'en produit la science 
informatique. L'hypothèse fonctionnaliste à laquelle nous souscrivons est que I't5volution, 
envisagée comme une espèce de "designer" aveugle (Dawkins. 1986). mais patient et 

sélectif, n'a vraisemblablement dû laisser persister à long terme que des solutions 
adaptatives. Or pour être enicaces, celles-ci doivent necessairement prendre en compte les 



limites de traitement (notamment en rapidite et en capacité de  stockage) inh6rentes il 

n'importe quelle machine physique, qu'eue soit mécanique, blecuonique ... ou biologique. 

L'adoption d'une telle hypothbse Cclaire en fait le sens que nous accordons il une 

expression comme "tmotion artificielle". Car ce n'est pas à l'aspect ph6noménologique 

des &notions, au fait qu'elles suscitent telle ou telle façon de ressentir, que nous nous 

a~acherons ici. Le biologiste ou le rn6dtxi.n qui s'intéressent a la douleur, ne sont pas, eux 

non plus, d'abord inté& ii la phénomBnologie de la souffrance ou de h détresse qui en 
résulte (même si cela peut egalernent les préoccuper), mais plutôt au dysfonctionnement 

interne qu'un tel signal révèle, et aux mécanismes sous-jacents par lesquels la douleur sert 
ainsi préserver et protéger l'organisme bI&. Le psychologue de la motivation qui 

étudie les besoins n'est pas non plus teliement préoccupé par la qualité du plaisir ou du 

déplaisir ressenti par l'animal qui a faim ou soif, mais plutôt par la nature et le detail des 

dispositifs homéostatiques qui inteMement dans la régulation de ces fonctions. 

D'une façon analogue, lorsque l'on parle de coeur artificiel. de rein artificiel, ou de 

membre ce n'est pas tellement de l'apparence de ces organes qu'il est question. 

du fait qu'ils soient en mttal ou en plastique, ou qu'ils optrent de façon rnkcanique ou 
blectronique, mais plutôt des fonctions vitales qu'üs remplissent. que l'on essaie alors de 

capter par un dispositif physique quelconque, gén6ralement à des fins de suMe. C'est 

probablement le sens le plus fécond qu'il faille &lement  accorder au terme d'inîelligence 

anifcielle (Bobrow et Hayes. 1985; Guha e t  Lenat., 1990; Minsky. 1985), et c'est le sens 

que nous accordons pour notre part ii l'entreprise d'élucider le fonctionnement des 

Cmotions en adoptant l'approche, les concepts et les instruments développés en IA 

En cherchant ainsi comment il serait possible de reproduire de semblables fonctions, nous 
tâcherons donc de rendre plus aaosparents les mécanismes constitutifs des comportements 

Bmotionnels qui en font présumbment des instruments particuli8remeni efficaces 

d'adaptation. Guide par l'intuition de Simon (1967) d'envisager les Cmotions comme 
système d'interruption en face de situations imprtvues, mais parfois vitales pour 

l'organisme. il nous a semble significatif d'explorer la question des structures de contrôle. 

Mais avant de pouvoir préjuger d'un tel file, il nous a fallu aller sonder systématiquement 
la littérature concernant les modèles théoriques et les recherches empiriques dans le 

domaine de la psychologie - et parfois de la oeurophysiologie - des Cmotions. Comme le 

domaine est assez vaste, allant de  la psychologie animale. de l'éthologie et de la 



primatologie, jusqu'à la psycholinguistique et l'anthropologie culturelle, en passant par la 

psychologie expCrimentale et la psychologie du développement, il nous a semblé qu'il 

fallait systdmatiser la cueillette et imposer quelques Lignes directrices. 

Le dispositif méthodologique que nous avons adopté à cet egard s'apparente à la méta- 

analyse. et a consiste & relever les controverses majeures qui, dans les dernières 

décennies. ont anime la réflexion theorique, la recherche empirique et les publications 

scientifiques en psychologie cognitive des émotions. Nous avons pensé utiliser ces débats 

de façon heuristique, pour jeter de vigoureux coups de sonde au coeur des théories les 

plus significatives, et faire par 1% ressortir les forces en même temps que les faiblesses des 

concepts les plus fondamentaux. Bien que ce domaine ait tté passablement agité. 
notamment par des discussions relatives à la retroaction faciale ("facial feedback 

hypothesisn). à l'opposition enm les approches dimensionnelles ou catégorieiles dans la 

définition et la description des tmotions. au déterminisme biopsychologique, au 

constructivisme social, et à I'hypothèse de l'universalité des expressions émotionnelles, 

nous avons surtout retenu deux débats qui ont respectivement occupé l'avant-scène au 

cours des deux demières décennies. Land à la fin des années 1970, le debat entre Zajonc 

et Lazanis (Lazams. 1981. 1982, 1984; Zajonc, 1980, 1984a, 1984b) concernant la 

dependance relative entre tmotion et cognition, a probablement mobilisé l'essentiel des 
discussions durant les trois premiers quarts de la décennie suivante. Zajonc soutenait que 

les processus Cmotio~els étaient d'une nature intrinsèquement dif55rente de celie des 

processus cognitifs, reposant même sur des stmcnires neurophysiologiques spécifiques. 
Lazanis, de son côté, y voyait plutôt une forme particulière de cognition, et argumentait 

qu'aucune réaction ne pouvait être déclenchée sans analyse cognitive pléalable. 

A la fm des a n n h  1980, les tenants de la th6orie de l'appropriation ("appraisal") ont 

land à leur tour une anaque vigoureuse sur la question des émotions de base. envisagées 

comme processus primitifs du fonctionnement Cmotiomel et de son expression, une 

querelle qui a mobilisé les figures les plus marquantes du domaine, et qui a perduré 

jusqu'au milieu de la décennie 1990 (Camras. 1992; Davidson, 1992; Ekman, 1992% 
1992b; Izard, 1992; Johnson-Laird et OatIey. 1992, 1996; Onony et Turner, 1990; 

Panksepp. 1992; Stein et Oatley, 1992; Stein et Trabasso, 1992; Turner et ûrtony, 1992; 
Wienbicka, 1992). En un certain sens, il s'agissait d'une réactivation partielle du debat 

précédent puisque le concept d'"appraisalW recouvrait justement l'id& d'une evaluation 
cognitive prérequise au déclenchement de toute réaction tmotionneUe. Alors que leurs 



opposants supposaient l'existence de mécanismes spécifiques - vraisemblablement 
"câblés" au niveau neurologique - pour un petit nombre d'emotions de base. les tenants de 
la théorie de l'appropriation postulaient que les unités constitutives des réactions 

ernotiounelles consistaient plut& dans les différents "appraisals" servant à evaluer chaque 
situation significative. Selon ces théoriciens, un même type d'"appraisdn - comme par 
exemple la perception d'un obstacle ou d'une entrave ii un but désiré - pourrait agir 
comme composante d'émotions fort differentes. telles la peur. la col&re ou la tristesse. 

Nous avons donc ment une analyse approfondie des arguments invoquk de part et 
d'autre de chaque controverse. afin de cibler, pour notre modèle. les concepts qui 
apparaissaient incontournabIes dans la description des structures sous-jacentes aux 
comportements &notionnels. Ces debacs s'avéraient d'autant plus importants pour notre 
tlaboration Worique. qu'ils abordaient notamment la question de Ifuniversalité des 
reactions &notionneiles, par delà les cultures et même parfois par dela les espèces, en 

interrogeant les conditions de déclenchement spécifiques il chaque brnotion. en même 
temps que leurs modalités caractéristiques d'expression. Cela nous a permis de spdcifier 
avec beaucoup plus de certitude ce qui pouvait être consid6r6 ou non comme 
comportement bmotionnel, et d'en mieux saisir la dynamique. en rendant explicites les 
contextes particuliers pour lesquels ces comporternents semblaient avoir progressivement 
émerge comme solutions adaptatives. Nous avons donc utilise ces affrontements 
t5pistérnologiques et conceptueh comme instrument de sélection des éléments de base de 
notre modkle. et nous nous sommes appuyC sur les recherches empiriques relatées il 
l'appui de ces confrontations pour contraindre et valider l'assemblage de ces concepts 
dans notre propre elaboration theonque. 

Bien que nous ayons exploite de façon moins systématique les controverses existant daos 
le domaine de l'intelligence artificieile, nous avons quand même recherche la aussi ce que 
certains debats récents opposant les tenants de lfIAD (Bond et Gasser. 1988; Gasser, 
1991; Hewitt, 1985, 1991; Kirsh, 1991b) ou ceux de la Vie artificielle (Brooks, 1991a, 

1991 b; Steels et Brooks, 1995) à ceux de 1lA plus "classique". pouvaient réveler au 
niveau des problemes de fond à résoudre (Bobrow et Hayes. 1985; W h .  199 la), et au 
sujet des concepts vraiment fondamentaux qui pouvaient resister il de telles 

conftontations. Nous avons en effet rappelé, dans une section p&&iente, que la majorité 

des problèmes de fond renconirés en iAD, afin d'assurer la coordination d'une 
communauté d'agents, consistaient en problèmes de contrôle (Bond et Gasser. 1988. p. 



10). Par ailleurs. dans une serie de textes provocateurs. Brooks (199 1 a, 199 1 b. 1995). 

I'un des principaux tenants de la Vie Micielle, a questionnt vivement le concept de 

représentation qui est à la base de la plupart des recherches en IA "classique". plaidant 

pour une approche "réactive". selon laquelle le comportement intelligent emergerait plutôt 

d'un câblage sensori-moteur efficace. greffant intimement l'organisme il son 

environnement, smrs recours à une structure inteme & représentationî ("...use the world 

as its own model". Brooks, 1991b. p. 140). Or. dans une analyse critique de l'approche 
de Brooks. Kirsh fait ressortir que, du point de vue de cette théorie kgdement: 

[...] the hordest problem of intelligent action are related to the control issues 
involved in coordinating the various behav iod  abilities so that the world itself 
[...] will be sufficient to decide which activity layer has its moment in the Sun. In 
short, the theme of this alternative theory is that representation is exchnnged for 
control. (Kirsh, 199 1 b, p. 168; les italiques sont de nous) 

Bref, aussi bien au coeur de la problématique de l'LAD que de celle de la Vie artificielle, 

on retrouve cette prédominance des structures de contrôle comme concept fondamental et 

incontournable. Même au sein de 11A plus "classique", des débats comme ceux qui port& 

durant les années 1970, sur la distinction entre les modes de représentations déclaratif ou 

proc6dural. reposaient en fait sur des questions de contrôle (Winograd, 1975). D'un côté. 

les tenants des représentations déclaratives plaidaient en faveur d'une dissociation entre le 

contenu des connaissances et les opérations de contrôle effectuées sur ces connaissances. 
une dissociâtion qui a d'ailleurs dté 2 Ia base même de la conceptualisation des langages de 

programmation logique. comme Prolog. Les tenants des représentations procédurales 
argumentaient de leur côté que la contextuaikation des connaissances requérait que les 

conditions de leur utilisation fassent partie intégrante des rep&ntations elles-mêmes. 

1.3.2. La question de la validation du modèle 

La validation d'un modèle theonque sans drification empirique ne va pas de soi et 
soulève un problbme méthodologique de taille. Dans le contexte de I'IA. c'est 
l'implantation informatique qui joue habituellement ce rôle. L'exécution du système de 
programmes réaüsé offre ik l'observation une simulation du comportement qui a dd ainsi 
représenté. et permet d16valuer la plausibilitd du modele en même temps que ses failles. 

Ce n'est cependant pas toujours le cas. et I'un des exemples notoires est probablement la 
thèse de doctorat de ChanMc (1972). qui a eu le mérite d'introduire en intelligence 

artSicielle et en science cognitive rien de moins que le concept de "DCmon". Charniak 



cherchait à. mod6liser la façon dont de jeunes enfants pamiennent à comprendre des 
histoires apparemment aussi simples que la suivante: 

Today was Jack's birthday. Penny and Janet went to the store. They were going 
to get presents. Janet decided to get a top. "Don't do that" said Penny. "Jack has a 
top. He will make you lake it back" (Charniak, 1972, p. 32) 

L'une des diffcult&, pour une tventuelle implantation informatique, consiste à déterminer 

comment l'enfant (et par la suite le programme) peut arriver ii ranacher au bon référent le 

pronom "it" à la fm de I'histoire. Bien sûr, il s'agit d'une toupie, mais de laquelle? La 
règle gtntrale est que le réferent se trouve être le plus récent substantif dont il a C t é  

question dans la phrase ou le paragraphe. Mais uès certainement, Jack ne fera pas 
retourner au magasin la toupie qu'il possède dtjà, et c'est donc plutôt celle qui lui sera 
offerte qui devra être retournée. Or comment les enfants peuvent-ils déchiffrer aussi 

facilement un scénario h e  pareille complexité? 

Selon Minsky (1985, p. 259), Chaniiak passa plus d'un an à réfléchir sur cette seule 
histoire, e t  plus panicuii8rement sur les contraintes qu'elle imposait pour la conception 
d'un système d'interprétation approprié. La solution &!gante qu'il proposa, c'est que, 
lorsque notre système cognitif est codmnu5 à des bvénements signincatifs - comme la Ete 
d'enfants dont il est question ici - il gCnère dans la mt5moire de travail des espèces de 

"sentineUesn dont Ia fonction est de surveiller la suite de l'histoire afin de déceler toute 
autre information pertinente qui pourrait se rapporter au thtme de Mvenement en cours. 

L'auteur quWa de "dCmonsv ces srnichires conditionnelles dynamiques. Sans toutefois 

se traduire par aucune implantation informatique concrète, sa thèse porta sur diverses 
questions relatives aux conditions d'activation de ces ddrnons, la quantité e t  la 
complexité de démons requis pour une histoire donnée, aux interactions possibles entre 
plusieurs démons, etc. 

Même si ce chercheur avait initialement envisagé une implantation. la complexité du 

problème abordé requtrait un sérieux approfondissement conceptuel avant qu'une 
traduction dans un système informatique quelconque puisse être entreprise. Ce qui reste 

significatif cependant, c'est que l'approche dfingt?niene continua néanmoins d'operer il 
travers la recherche d'une conceptualisation suffisamment pkise pour permettre 
"Cventuellement" une réalisation informatique. Or, dans notre ambition de dtchiffrer le 
fonctionnement des stmctures emotionneiles, il n'est sans doute pas surprenant de réaliser 



que nous avons etk confronté il une surestimation comparable. En effet, il nous avait 
semble au départ qu'une implantation dans un environnement informatique base 

d'acteurs s'averait un horizon atteignable dans le cadre de la recherche doctorale. Mais 

nous avions sous-estimt l'ampleur du champ conceptuel à explorer, et la complexité des 

choix théoriques à effectuer. 

Par ailleurs, le banc d'essai que nous avions initiale ment envisa& pour l'implantation, 

celui des agendas disnibués, s'est rév616, au fur e t  à mesure de nos progrés, de moins en 

moins adéquat pour tester et supporter les conceptualisations que nous avions élaborées. 

Le d6fi à relever dans ce cas aurait consisté dans la gestion d'un agenda pariagk entre 
plusieurs agents obligb de se rencontrer régulièrement, et forcés de trouver pour cela des 

périodes de temps communes, ainsi que des lieux disponibles. Le problème est familier 

dans la plupart des institutions et, en dehors d'une solution "impo&eW A l'avance (comme 

les horaires de cours et de spectacles, les d é p m  de trains et d'avions, etc.) ou du simple 

vaet-vient d'essais et d'erreurs. il n'y a toujours pas de solution optimale connue. En 

outre, il nous avait semblé au départ assez naturel d'imaginer les dimensions 

"6motionnellesn qui pouvaient être impliquées dans la résolution de ce type de problème, 

que ce soit en termes d'urgence, de priorité. d'insatisfaction. de conflit, d'anxiété, etc. Or, 
au fur et mesure de nos lectures au sujet des antéccédents qui semblent, quasi 

universellement et quasi syst6rnatiquement déclencher les mêmes réactions Cmotio~elles. 

il nous est progressivement apparu qu'il s'agissait justement la de situations qui &happent 
généralement à la prévision que permet la tenue d'un agenda En d'autres termes, le 

recours A un agenda vise précisément à réduire les risques de "mauvaises surprises", et 

réciproquement., les émotions inteMement pour aider l'individu il prendre en charge ce 

que son agenda habituel ne lui a par pennis de prévoir, qu'il s'agisse d'inconvénients A 
6viter ou d'opportunités dont il puisse tirer p h .  L'exemple relaté au debut de la th& est 
particulièrement éioquent 2 cet 6garâ. 

Mais s'il n'y a pas d'implantation informatique dont on pourrait observer et evduer le 

comportement, comment alors procéder pour valider le mod2le theonque klaboré? Il nous 
a semblé qu'une alternative valable pouvait consister A soumettre le problème abordé, les 

objectifs visés ainsi que la solution proposée à un petit nombre d'experts en IA. Dans ce 
cas cependant le choix des experts est critique, puisqu'il doit garantir leur neutraiid en 
même temps que leur compétence il evaluer la pertinence et la g&&alir& du modèle. Or il 
existe dans la communaurd scientifique un mécanisme bien rodé et comrnundment reconnu 



qui offre de pareilles garanties: la procédure d'arbitrage des publications scientifiques avec 

comitt! de lecture. Les Cvaluateurs y sont anonymes, spécialistes du domaine et 

généralement fort critiques des productions soumises. Nous avons donc pense que de 

traverser une pareille selection. surtout si le modèle est confronté à plus d'une école de 

pensée, pourrait constituer une forme satisfaisante de validation par des experts. C'est 

d'ailleurs la l'une des principales raisons qui nous a fait retenir le format de th& par 

articles. 

Outre un article substantiel ponant sur les principales controverses en psychologie des 

émotions (soumis à Psychological Bulletin et reproduit au chapitre 3). trois textes 

exposant l'élaboration du modèle et quelques-unes des spécifications requises pour son 

implantation, ont ainsi été acheminés pour publication à des organismes scientifiques 

reconnus dans le domaine de l'intelligence artificielle. Or les trois textes ont été retenus, et 

deux d'entre eux (rassembles au chapitre 4) ont mSme d6jA fait l'objet de publication 

durant l'année 1996 (Aubé et Senteni, 1996a 1996b). Quant au troisieme (reproduit au 

chapitre 2). il devrait apparaître dans I'un des prochains numéros du Journal of Anificial 

Intelligence in Educarion où il avait été proposé (voir la lettre d'acceptation. Annexe A). 

En fait. le premier de ces trois articles avait même été soumis simultan&nent à deux 

congrès differents dont les dates d'échéance coïncidaient, l'un aux États-unis (CIKM'95) 
et l'autre en Europe de l'Ouest (MAAMAWt96). C'était le premier texte que nous 

soumettions sur ke sujet de noue thèse. et il nous semblait qu'en raison de la singularité du 

sujet et du fait que nous ne disposions encore pas d'implantation informatique. les 

chances d'acceptation n'étaient peut-5tre pas tellement Clevées. Or. malgré une sélection 

rigoureuse dans chaque cas (environ un tiers seulement des propositions ont été retenues), 

f 'article fut accepté pour présentation - et pour publication - dans chacune des conférences 

(Aubé et Senteni, 1995, 1996a). 

Nous n'avons évidemment retenu qu'une des deux versions pour la ththe, (troisième 

section du chapitre 4. la publication de l'autre version étant reproduite il l'Annexe B), mais 

il est important de comprendre ici que le contenu pdsenté a nCanmoins su convaincre et 

rallier des experts de deux communautks passablement différentes en IA. La "version 

amdricaine" fut présentée au CIKM Workshop on Intelligent Informution Agents, organisé 

par Ti Finin et James Mayfield, dans le cadre de la Founh International Conference on 
Information and Knowledge Management (CIKM195) tenue à Baltimore les ler et 2 

decembre 1995. Eue avait kt6 sélect io~& avec treize autres pdsentations retenues sur une 



cinquantaine de textes soumis. Cet atelier rassemblait des chercheurs travaillant sur la 

conception d'agents de service informatiques. et visant notamment le réseau internet et le 

World Wide Web comme créneaux privilt5giés d'utilisation. Tim Finin se trouve être l'un 
des directeurs du projet KQML (Knowledge Query and Manipulation Language) destine à 

elaborer. sur la base de la theone des actes de langage. les protocoles standards d'khange 

et de communication sur les réseaux informatiques. C'est donc avec intérêt qu'on a 
retrouve sur Internet (h~p://www.smli.com/research/tclllists/AGES/O7 10.6~111 - 
reproduit aussi 2 la f i  de l'Annexe B), quelques mois après la conference CIKM. un 

court message de Tim Fînin suggerant la lecture de notre texte en réponse à un chercheur 

japonais qui s'informait des possibilités d'exploitation des structures émotionnelles pour 

la conception d'agents intelligents. 

Par ailleurs. la "version européenne" (reproduite au chapitre 4) fut présentée au 7th 

European Workshop on Modelling Autonomous Agents in a Multi-Agent World 
(UAAMA Wf%), tenu il Eindhoven en Hollande du 22 au 25 janvier 1996, et rassemblant 
sunout des chercheurs européens et japonais dans le domaine de I'IAD et des syst&mes 
multi-agents. Eiie fait partie des 17 présentations retenues su. un total de 5 1 soumissions. 

et est d&ormais publiée chez S p ~ g e r  dans la collection Lecture Notes in Anifcial 
Intelligence No 1038 (Aubé et Senteni. 1996a). Dans la préface du volume, les éditeurs 

Walter Van de Velde et John W. Perram présentent notre texte de la façon suivante: 

The paper by Michel Aube and Alain Senteni. Emotions as Cornmitments 
Operators : A Founààtion for Connol Structure in Multi-Agents Systems, is an 
ontological analysis of cootrol based on notions of resources and cornmitment. If 

. successful such an anaiysis may have profound technical impact on the MAS field, 
just like NewelI and Simon's analysis of human problem solving determinecl - for 
better or for worse - the technical direction for 20 years of research on de-based 
reasoning and weak problem solving methods. (Van de Velde et Perram. 1996, p. 
VIE; la section de la préface contenant ce passage est 6gdement disponible sur le 
Web a l'adresse: httpilam.~ib.ac.W-walter/papers/maamaw/node2html) 

Or Walter Van de Velde (http://arti.vub.ac.be/-~alterlCVlsection3~3~html) est CO- 

directeur du depanement d'IA de l'Université Libre de Bruxelles. aviseur scientifique 
auprès de la Communauté Scientifique Européenne. membre des jurys de séIection de 

plusieurs organismes scientifiques en LA (UCAI, IEEE Expert, Robotics and Autonomous 
Systems). e t  conseiller critique pour les projets soumis dans le cadre d'ESPW, le projet 

conjoint de la Communauté européenne en LA. La comparaison. pour le moins 6logieuse. 

qui est faite avec les travaux de Newell et Simon. deux pionniers 6mCrites en atteste 



Maisemblablement du fait que les propositions contenues dans notre modèle ne présentent 

pas d'incohérence majeure avec les concepts existant en IAD. et offrent même 

suffisamment de nouveauté pour intéresser les chercheurs & pointe dans le domaine. 

Nous avons mentionnt par ailleurs qu'un autre de nos articles (reproduit au chapitre 2) 
avait 6d accepté pour publication dans le Journal ofAnifcid Intelligence in Educatiun. Il 
s'agit dans ce cas d'une communauté de chercheurs qui oeuvrent principalement en 

éducation. et qui sont sp&ifiquement impliquCs dans le developpement d'outils et 

d'applications pour l'apprentissage et l'enseignement, à partir des concepts et des résultats 

issus de la recherche en M. Compte tenu de l'analyse que nous y faisons des besoins et 
des possibiLit6s d'appliquer les ressources de I'IA à lt6tude et la modClisation de la 

motivation e t  des Cmotions, l'acceptation de notre article nous conforte une fois de plus de 

la pertinence et du suc* de notre entreprise. 

Finalement, nous avons Bgalement soumis un texte pour publication 2 la Fourth 

I n t e m t i o ~ l  Conference on Simulation of Adaptive Behavior (SM'%): From himals to 

Animau 4. tenue à Cape Cod du 9 au 13 septembre 1996. sous la présidence de Panie 

Maes. Il s'agit la d'une conference rassembiant principalement des chercheurs dans le 

domaine de la robotique, de la Vie artificielle et de L'Ccologie du comportement 

("Behavioral Ecology"). Notre intérêt 2 y présenter les résultais de nos travaux reposait 

sur n o m  souci & garantir à nos positions thConques la plus grande gén&alité possible, en 

situant notre modble dans une perspective &olutionniste. de sorte qu'il apparaisse 

dgalement applicable aux émotions animales. La aussi, la sélection fut passablement 

sévére, puisque 66 seulement des 150 textes soumis furent retenus pour publication aux 

MIT Ress (Maes. Mataric, Meyer, Pollack, et Wilson, 1996), chaque article ayant fait 

l'objet d'une double ronde de lecture (voir à ce sujet la préface des Actes & l'Annexe C). 
Par ailleurs, seulement 35 des 66 textes publi6s furent kgalement retenus pour 

présentation, sur la base de la représentativité et de l'intérêt des positions exposées pour 

les chercheurs des différentes disciplines rassemblées ii cette conférence. Notre article 

(Aubé e t  Senteni, 1996b. kgalement reproduit à la quatneme section du chapitre 4) fut 

sélectionné à la fois pour publication dans les actes edités aux MIT Press, et pour 

présentation dans le cadre de la confémnce elle-même. 

En bref, notre moddlisation a su ptn&rer, et même avec brio, quatre communautés 

relativement M6rentes dans le domaine de  L'IA, allant de ceile intéressée aux applications 



dducatives de l'LA, à ceUe portant sur la communication et les actes de langage, à celie 
concernant les systèmes multi-agents. et même à celle portant plus spécitiquement sur la 
robotique et la Vie amticielle. Il nous semble donc pouvoir s i e r  que notre Ciaboration 

theonque a connu une validation satisfaisante par une large communaute d'experts 
provenant d'écoles de pe& relativement diverufiees. 

1.4. L'organisation et le contenu de la thèse 

Outre la présente introduction et une section de conclusion exposant les résultats et les 
contributions de la recherche, la thèse comprend trois chapitres rassemblant q u e  articles 
ayant déjà ed soumis pour publication Étant donné les cdneaux de dinusion vis%, tous 
ont été rédigés en anglais. Il est sans doute important de souligner tgalement ici que le 
fomat d'une these par articles résuite forcément dans une moins grande etanchéité entre 
les parties que celui d'un format plus traditionnel. En effek comme chaque article visait 

des communautés de lecteurs potentiellement differentes, n'ayant pas nécessairement eu 
accès aux autres publications, il s'est parfois aven5 nécessaire. pour des fins de clad et de 
cohérence, de reprendre ou de résumer certaines notions présentées dans les autres textes. 

Ainsi, bien que chaque article aborde et approfondisse des aspects différents et 
cornpl6mentaires du modèle, le lecteur qui, dans le contexte de la th&, en fera une lecture 

suivie et cumulative pourra en retirer à certains moments une vague impression de 

répétition. Mentionnons halement que, pour les f m  de la thèse, chaque article a été édité 

a f i n  de rendre les réferences compatibles avec celle des auaes articles, et afin d'ajuster la 

nurnCrotation des sections en conformité avec la structure de la th& telle qu'annonde 
dans la table des matiikes. Outre ces ajustements mineurs, chaque article a été reproduit 
fidèlemeof tel qu'achemine aux organismes de publication. 

L'article rapporté daas le chapitre suivant (chapitre 2) situe d'abord le problème d e  
recherche dans le contexte de l'éducation, en faisant ressortir l'extrême nécessité de 
disposer de mod8les theonques robustes pour aborder le domaine de la motivation et des 
t5motions, ainsi que leurs relations avec le fonctionnement cognitif proprement dit. Le 
texte rappelle les principales conmibutioas de l'LA pour la compréhension des mécanismes 

d'apprentissage et de construction des savoirs, notamment au sujet des differents modes 
de représentation des connaissances il fait alors ressortir l'importance de la précision des 

spécifications obtenues en IA pour la conception ultérieure de stratdgies pédagogiques et 



didactiques efficaces. L'article plaide ensuite en faveur d'appliquer l'approche et les 

mtthodes de llIA pour la conceptualisation des phénoménes motivationnels et 
Cmotionnels, et donne un aperçu du genre de modélisation qui pourrait en résulter. Q 

termine en evoquant quelques-unes des applications qui pourraient dtcouler d'un tel 

modele afin de rendre plus efficaces les interventions pédagogiques destinées à rehausser 
la motivation scolaire. 

Le troisième chapitre effectue une immersion radicale en psychologie cognitive des 

émotions. Sa fonction essentielle, dans le cadre de ta thèse, était d'identifier et de recueillir 
une bonne panoplie de concepts fondamentaux, de sélectionner les fragments qui 
semblaient les plus utiles parmi les principales théories existantes. et d'accumuler du 
même coup un large répertoire d'exemples, en vue de I'elaboration de notre modèle 
thCorique. Comme nous l'avons mentiorné plus haut, nous avons tiré profit des 

principales controverses en psychologie des trnotions comme révelateur des conceptsclés 
et des articulations théoriques les plus significatives. Cetie longue incursion nous a amené 
il formuler et consolider lbypothèse que les structures emotio~elies constituaient une 
couche particulière de contrôle, entre celle qu i  assure la gestion des besoins et celle qui 
supporte le fonctionnement rationnel. Elle nous a dgalement permis d'identifier et de 
retenir, comme composantes de cette couche de contrôle, un petit nombre de mécanismes 

de base apparaissant comme responsables de la très grande majorité des comportements 
&notionnels, et d'articuler avec précision les conditions de leur déclenchement. 

Le quatrihe chapitre rassemble les deux articles exposant le modèle "computatio~el" 

proprement dit. Il nous a cependant paru important de faire préceder ces deux 
contributions d'une section portant sur les concepts de coophtion et de réciprocité. et 
reliant ces notions à celle d'engagement ("cornmitment") qui est developpée dans les 
articles. Le concept d'engagement est en effet de plus en plus Wuemment u W  en IAD 
pour rendre compte des phénomenes d'organisation, de coordination et de coopération 
entre les apnts (Bomn, 1992; Gasser, 1991; Winograd et Fiores, 1986), et il a progres- 
sivement pris un rôle crucial dans notre modtle du fonctionnement émotionnel. Comme 
nous avons fréquemment réferé ii ce concept, il nous a paru utile, pour en faciliter la 
compdhension, d'expliciter au préalable l'éclairage qu'il permet d'apporter au deücat 

problème de la coopération. Il n'est sans doute pas exag6ré d'affjiier ici que la détuiition 
particulière que nous proposons de la notion d'engagement dans ce chapitre constitue l'un 
des conceptsclés et l'une des contributions majeures de notre recherche. 



Vient ensuite le texte que nous avons soumis à la conf&ence de MAAMAW'96, et qui a 
été publié chez Springer dans la collection Lecture Notes in Ampciai Intelligence (AuM et 
Senteni, 1996a). On y trouve l'articulation de base du modéle, et notamment le lien 
fondamental que nous bablissons entre motivation, gestion des ressources et  
engagements. Ces derniers y sont expmst5ment concepnialisés comme un type p h c d i e r  
de ressources reposant essentiellement sur la collaboration entre les agents. Les tmotions 
sont alors présentees comme des opérateurs des engagements dont la fonction est 
d'assurer la gestion et la régulation des variations significatives qui peuvent se produire à 

l'intérieur de ce stock de ressources particulii?res. mais essentieiles pour rendre possible et 
maintenir de façon adaptative la coopération chez les espèces sociales. 

La demihe section du chapitre quatre consiste dans le texte qui a été présenté à SAB'96 et 
publie chez ha Press (Aubé et Senteni, 1996b). Au confluent de la Vie artificielle et de 
l&ologie du comportemenL cet article explore, dans une perspective évolutionniste, les 
diffërentes contraintes qui président l'apparition (dans le contexte de l'évolution) ou la 

conception (par I'ingenieur cogniticien) d'agents biologiques ou  informatiques 
vgritablement doues d'autonomie. La gestion des ressources y est encore une fois 
présentée comme le principe essentiel dem&re tout mécanisme d'ordre motivatiomel, et la 
relation entre les deux "couches" de contrôle que constituent les besoins et  les émotions y 

est clairement exposée. Le texte fait ensuite une présentation sommaire du  concept 
d'engagement tel qu'utilisé en IAD, et fornule un certain nombre de réserves critiques 
propos des principales interprétations qui en ont été faites jusqu'ici. L'article se temine 
par une Cnumeration de quelques-unes des spécincations qui dkoulent du modèle en vue 
d'une &entuelle implantation dans un environnement informatique ii base d'acteurs 

La conclusion gtnCrale de la th& (chapitre 5) vise finalement ii rassembler les 

contributions originales de la recherche, notamment en ce qui concerne le rôle primordial 
joue par le concept d'engagement pour la compréhension des phénom8ne.s motivatiomek 
Nous tâcherons en effet de montrer que ce construit hypothétique, tel que nous l'avons 
d t f ~  et utilisé. présente une valeur descriptive et explicative exceptionnelle. Il permet 
dr&ablir une distinction plus claire que jamais entm les besoins et les émotions, il aide à 

mieux comprendre et formuler le type de contraintes qui ont pu contribuer l'apparition 
des structures émotionneiles comme instruments inédits d'adaptation dans I'6volution des 
mammifères et  des primates, il rend compte de la nature intrinwuement sociale des 



émotions. et il offre une cadre coherent pour la répartition taxinomique des differentes 

catégories d'émotions. Au profit de la recherche en IAD. il offre une base pour 

l'explicitation des contraintes qui président à la coopération entre les agents. et permet de 

formuler des spécifications précises pour une implantation éventuelle de structures de 

contrôle remplissant les fonctions principales des mécanismes emotionnels chez les 

vivants. Finalement. dans le contexte de la motivation scolaire. il offre un champ nouveau 

d'exploration pour mieux comprendre les bases ininn&qurs et interactives sur lesqueiles 

reposent la persistance et Ifengagement des élèves. Nous terminons la conclusion génkraie 

en dégageant quelques-uns des avantages et certaines des limites de l'approche adoptee 
pour la réalisation de cette recherche. 



Chapitre 2. 

La nécessité d'une telle recherche 
pour l'éducation 

2.1. Présentation de l'article 

De prime abord, il est loin d'être 6vident que I'elaboration d'un modele ncomputatio~elw 

des structures Crnotio~elies e t  de leur fonctionnement, puisse offrir une contribution 
significative au domaine de I'Cducaiion. D'une part, il y a lieu de se demander si 
l'approche de modélisation utilisée en intelligence anifcielle est appropriée au genre de 

problèmes qui sont rencontrés dans le contexte de l'école et des pratiques d'enseignement 
D'autre part, il s'agit d'examiner quelle compréhension des phénoménes Cmotionnels est 

effectivement requise et pertinente pour le milieu de l'tducation, e t  quels outils 
d'interprétation et d'intervention pourraient être tirés d'une conceptuaikation adéquate. Le 

rôle du premier article est donc de préciser le sens de cette dtmarche et proposer un 
certains nombre d'arguments convaincants cet egard 

Nous commençons par rappeler l'importance pour l'education de plusieurs contributions 
provenant des sciences cognitives, et nous situons le rôle de catalyseur que l'intelligence 

artifkielie a joue dans les progrès que la plupart de ces disciplines ont connus dans les 

deux derniikes décexmies. Nous tnumérons alors quelques-uns des concepts qui, bien que 
provenant clairement de L'IA, ont pknétré avec bonheur le domaine des pratiques 
pédagogiques et didactiques. Les illustrations les plus dvidentes concernent la description 
et l'analyse des differents modes de représentation des connaissances. par exemple sous 

les formes déclaratives. prddurales ou conditio~eiies. Mais il est surtout important de 
mentionner que ces concepts autorisent désormais des traductions avantageuses, en ternes 
de stratégies novatrices d'enseignement et de support à l'apprentissage. En effet, si ces 
notions ont dejjà commencé influencer les milieux de I'école et de la formation des 
maîtres, c'est parce que l'approche constructiviste qui avait initialement présid6 B leur 



conception, afin de doter des systèmes 

s'applique tout aussi naturellement à 

informatiques de pensée et de raisonnement, 

l'objectif de favoriser chez les enfants le 

dtveloppement de ces mêmes capacités. Or, bien d'autres concepts sont Cgalement issus 

de cette entreprise, offrant des supports accrus pour le developpement cognitif. tels une 

meilleure compréhension des diffbrents systèmes de mbmoire, l'enrichissement du 

répertoire de stratégies ghérales de résolution de probBmes, l'exploitation dynamique des 

erreurs ("bugs ") comme leviers d'apprentissage, etc. 

Mais il est justement frappant de constater que les contributions de I'IA à 116ducation 

restent surtout cantonnées au plan cognitif, alors que la question & la motivation scolaire 

est pratiquement ignorée. il s'agit pourtant d'un domaine qui soul&ve une foule de 

problbmes, probablement même panni les plus complexes et les plas détennr'nan~ de toute 

lo carrière scoiaire d'un enfant. Or, comme pour la représentation des connaissances, la 

résolution de problème ou la m6tacopnition, il est souhaitable que B aussi les interventions 

puissent s'appuyer sur les modèles thdoriques les plus fmbles e t  les plus solides 

possibles. Nous proposons donc que la même approche constructiviste d1ing6nierie soit 

appliquee A Ia conceptualisation et à la simulation des processus responsables de la 

motivation et des Cmotions. Comme stratégie pour mieux comprendre leur raison d'être et 

leur fonctionnement, nous nous demandons pour quelles raisons, ou dans quel contexte, 

un système informatique complexe pourrait tirer profit - et même requérir c a d m e n t  

l'existence pour son adaptation - de mécanismes comme ceux qui sont responsables du 

déclenchement et de l'expression des besoins ou des émotions. Quelques tentatives déjA 

a m o h  en ce sens en intelligence artificielle sont tgalement thum6rées. 

Cette réflexion nous ambne a examiner d'un peu plus près les principaux mod2les 
existants dans le domaine de la psychologie scolaire et de l'éducation, afin de décrire les 
composantes d e  la motivation scolaire et d'en expliquer la dynamique. Nous tâchons 

ensuite de faire ressortir les limites de ces approches, notamment le fait que ces modéles 
cherchent surtout à composer, en un schema coh6rent. les diffkrentes variables qui  ont été 

identifiées expérimentalement comme effectives, telles la perception des attentes du 

système scolaire, la conception que l'élève a de l'intelligence, la ~ i g ~ c a t i o n  qu'il attribue 

il la tâche, la conuôlabilité qu'il croit en avoir, etc. Mais ces théories n'expliquent pas d'où 

ces variables tirent leur importance, ils n'expiiquent pas d'où viement les buts mêmes que 

se fixe un sujet, bref ils ne démontent pas sous nos yeux la mécanique de la motivation. 

Nous croyons que cette limite vient notamment du fait que la motivation est plus ou moins 



prise pour acquise, puisque les humains, comme la plupart des autres vivants, semblent 

dej jà avoir d'inscrit en eux le dynamisme qui les pousse à agir, et à choisir entre plusieurs 

opportunités d'action. Or cette présupposition n'est pas acceptable pour le chercheur en IA 
ou en Vie artificielle qui souhaiterait reproduire ou simuler un organisme, même doué 

d'une autonomie minimale. Il lui faudra en effet trouver comment inscrire, de façon 
précise et opérationnelle. ce dynamisme de base à l'intérieur de l'automate ainsi créé. et 
donc se demander au préalable queile est la fonction de ceae propriCté nouvelle, en vue 

d'une meilleure adaptation de l'organisme son environnement. Dans la suite de l'adcle, 

nous exposons comment un tel dCfi pourrait 6vennieUement être relevé, quels concepts 
additionnels semblent requis, et nous donnons un aperçu sommaire du modèle qui sera 
développé au cours de la thèse, comme contribution théorique à cet 6gad 

Nous terminons l'article en souLignant quelques-unes des cons6quences esptrées d'une 
telle approche pour l'éducation. Nous examinons notamment comment certains 

Cclaircissements au sujet du concept d'engagement, qui est perçu par ta plupan des 

chercheurs comme l'un des principaux inâicateua & la motivation scolaire, pourraient 
suggkrer des pistes d'interventions intéressantes. fl s'agit d'un concept qui prend 
également de plus en plus d'importance dans le domaine de l'intelligence artificielle 
distribuée, pour rendre compte des comportements d'organisation, de coopération et de 

gestion des conflits. Bien qu'il existe certaines nuances dans les dt5fmitions qui sont 
données de ce concept dans chacune des disciplines, il nous a semble qu'une 
interpretation caractère plus sociologique (en terme de  contrat implicite) que 
psychologique (en terme de persistance), mettant l'accent sur l'interaction entre les acteurs 
en jeu, pouvait offrir une compréhension plus approfondie de la mécanique 
motivatiomeLIe, et suggérer du coup, de meilleures stratégies d'intervention. L'article a 
été soumis au Jouninl of Artificiul Intelligence in Education en décembre 1996, et son 
acceptation pour publication a été confirmée par écrit (voir Annexe A). 



Towards computational models of motivation: A much 
needed foundation for social sciences and educationl 

Abstract. Most basic concepts about knowledge representation, such as dechrative or 
procedural knowledge, corne from research in artificial intelligence, and have percolated 
from there through other cognitive sciences to €mdy mach the domain of educational 
practice. Therein they are beginning to have a profound impact upon curriculum design, 
didactics, teaching strategies and teacher education. Meanwhile, the domain of student 
motivation is calling for increasing attention, but existing models remain essentially 
descriptive: they relate the variables that are known to matter empirically, yet they offer 
littie explanatory power about what activates wïllfui behavior and goal orientation. The 
paper advocates the need for basic computational models of motivation as new 
fundamentai tools for education, and suggests using the design-based approach of 
adficiai intelligence to lay down such models. Motivation includes physiological needs as 
well as emotional reactions, but our proposal for a mode1 will o d y  be concemed with 
emotions. It is argued that motivation has to do with resource management, and that the 
particular resources that concem emotions are the ones that are obtained from others. 
through their having been committed to provide them. Thus viewed, emotions are 
essentidy of a social nature, and have to do with regulating and managing commitments 
that bind individuah together in action, communication and cooperation. Preliminary 
specifkations for a cornputational mode1 of emotions are formulated, and consequences 
for c m n t  theones of emotions and of education are formdated in conclusion 

Keywonis. Artiflcial intelligence, Education, Motivation, Emotions, Cornmitmenu 
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2-2.1- Introduction 

Within the last thirty years, Artifïcial Intelligence (AI) has k e n  one of the research areas 
that has most contributed to the understanding of cognitive phenomena and to the 

development of related disciplines (Gardner, 1985; Johnson-Laird, 1988; Lindsay and 
Noman, 1972; Norman, 1981; Pylyshyn, 1984). This field k t  had a dramatic influence 

upon linguistics, notably through Chomsky's work on transformational grammars and 

automata theory (Chomsky, 1963, 1965). Then it gradually spread to cognitive 

psychology. especially through the work of Newell and Simon (1963,1972) on human 

problem-solving, and dirough many influentid doctoral theses at the MIT AI laboratory 

(Minsky, 1968; Winograd, 1970; Winston. 1975). These new trends in research quickiy 

found their way through most of the signifcative domains of interest within the area of 

l Texte soumis, en décembre 19%. pour publication dans le Jounol of Anifcial hfelligence in 
Eüucation La lettre attestant de son acceptation est teproduite à 1'Anaexe k 



information and knowledge processing: visual and auditory perception; locomotion. 

prehension and action; leaniing, rnemory and attention; deduction. induction and problem 

solving; analogical reasoning and imagery ; communication. speech pmcessing and natural 
language (Johnson-Laird. 1988; Lindsay and Norman. 1972; Neisser. 1967) ... 

2.2*2. AI and cognitive science as foundations for education 

Such beneficial effects inevitably were to reach the domain of rducation as well. The fkst 

applications bore on cornputer assisted instruction (CM) .  due to the strong influence 
skinnerian behaviorism still had on the fieId (Kurland and Kurland. 1987)- But 

subsequently a new trend of educational research emerged that was more 

"epistemologically grounded", notably with the work of Alan Kay on the Dynabook at the 

Xerox Pa10 Alto Research Center. which led to the design of the Smalltak object-oriented 

language (Goldberg and Robson, 1983) and to related teaching applications (Goldberg 

and Kay. 1977; Ryan. 1991). and with the work of Seymour Papert on computational 

geometry at MIT (Abelson and disessa. 1980; Minsky and Papert. 1969). which Ied to 

the developrnent of the Logo programming environment (Feurzeig et al.. 1969; Papen, 

1980). The latter project induced a large diversity c,f applied studies during the following 

years. centered rnainly on teaching and learning mathematics and science (Carver, 1987; 

Clements, 1987; Pea and Kurland, 1987; Swan. 1989). 

Yet the most profound and most enduring impact of AI upon education probably came 
from the new concepts developed for charac terizing thought processes which filtered 

rnainly through cognitive psychology (Anderson. 1980; Gagne. Yekovitch and 

Yekovitch. 1993; Tardif. 1992, 1995). Such an influentid role should not b e  too 

surprising though. considering that one of the basic goals of most educational systems is 

to foster knowledge acquisition and transfer. and the fact that adequare tools for 

representing such processes are still scarce. It is indeed from AI rexarch that stem some 

of the basic concepts that are currently used to describe and characterize knowledge 

representation. in declarative or procedural formats (Hewitt. 197 1 ; Winograd. 1 970, 
1975). or in terms of more compact data structures such as frames (Minsky. 1975. 1985). 

scripts (Abelson. 198 1; Schank and Abelson. 1977) or schemata (Rumelhart. 1975. 
198 1). 



Such tools emerged from the concrete task of having cornputer programs represrnt 

various situations in ways that would make it possible to transfomi them and manipulate 

them dynamicaily. One good illustration of how such concepts emerged and of the 

profound impact they soon had upon educational practice. cornes from the concept of 

procedure. a basic notion within the Logo progmming language. This concept is more 

or less akin to the concept of a computer program, yet a program that has its own name so 

as to be invoked in a modular fashion (Minsky, 1970). It could thus be used within an 
instruction fine just as another primitive of the language. The powerful programrning 

technique of recursion actually amounts to the special case wherein a procedure makes a 
cali to itself as it would for any other instruction. 

So far, this is mere computer science. But the concept of procedure also came to be used 

in Ai and simulation as a way of capturing thought processes themselves. through 

offering a format different from the usual propositional (or declarative) representation of 

knowledge. Indeed. one might well consider that a procedure for drawing a regular 

polygon. amounts to a kind of dynamic definition of such an object. an approach that 

could be used as well for representing a large variety of other concepts in a readily usable 

form. Those de finitions are formal ones, since they are stated in a computer language, and 

they can thus be used for theorem proving. Turtle Geometry (Abelson and disessa. 1980) 

actually offers one good example of such fomal reasoning, from problems of iraditional 

Euclidian geometry, to tridimensional and spherical geometry. to the field of topology. 

and men up to capruring - and proving - some of the geometrical properties speciiïed 

within the theory of general relativity itself. But at the same time, procedures could be 

used a s  the embodiment of direct and concrete representations of various goals and actions 

to be cxecuted. Winograd (1970). in his doctoral dissenation on the design of a computer 

systern for understanding natural language. is probably the researcher who went the 

farthest in implementing such a procedural model. Al1 pieces of knowledge within his 

system were actually represented as procedures: rules of syntax whose execution would 

parse the word strings into noun groups or verb groups. rules of semantics for assigning 

meaning to those groups and updating the data base accordingly, as well as the problern- 

solving strategies for translating the verbal staternents into concrete actions upon the 
simulated microworld of blocks. Even the dictionary definitions were implemented as 
fragments of procedures, with blanks to be filled when assembled together with other 
fragments. 



Procedural representations thus stepped on stage. Such a remarkable experience with 

procedures led a few researchers from the AI cornmunity (Hewitt, 1971; Minsky, 1970; 

Winograd, 1970) to envision this concept a s  a possible basis for representing certain types 

of knowledge wilhin the brain itself. The following example will illustrate the idea at 

stake: when asked for a defhition of unfamiliar concepts. such as the spiral, most people 

f i t  have to sketch in the air with their fmgers an instance of this geometrical curve. 

before they can state anythuig more formal. Such typical behavior very much suggests 

that the defmition for the corresponding concept might be contained within the set of 

actions necessary to pmduce the reqwed instance: the appropriate procedure fust has to 

be run. and then, step by step, the instmctions theinselves can be recovered. and the 

concept fuiiy described. A similar phenornenon occurs when someone has to spell an 

unfamiliar word: the person typically has to write down vanous versions of the word, as 
if the orthographical information were not attached to the word itself but rather were 

contained within the pmcedures for writing or for reading i t  

Attractive as it might seem, this new paradigm was not established so easily, and its venue 

raised an important controversy within the AI community (Winograd, 1975). The main 

opponents were defendenu of declarative representations, an aitemate paradigm whose 
origin could be traced at least back to Aristotle's propositional logic. This older view held 

that most knowledge could be rigorously represented as propositions, whose truth values 

could be derived with the tools of Boolean aigebra. Redicafe calculus offered a still more 

powerful treatrnent of such representations, by permining the inclusion and management 

of variables and quantifien within propositions. Yet the controversy between both forms 

of knowledge had the beneficial and heunstic effect of stirnulating further concepnial 

elaborations for representation, in the direction of integrating information from both 

formats into more stnictured packages such as €rames, scripts and schemata (Minsky, 

1975; Rumelhart, 1975, 1981; Schank and Abelson, 1977). Indeed, the two modes made 
sense and proved useful in different circumstances and with different kinds of probiems, 

they both had their merits and their shortcomings, and it seemed plausible that the brain 

had evolved ways to get the k t  from both of them. 

Resolving the controversy by introducing new stnictured ways for representing and 

manipulating information led to the design of yet more powerfid programming laoguages, 
providing the user with a larger variety of tools embodying different types or categories of 
knowledge (E3 obrow and Winograd, 1977, 1979). This progress towards the smcation 



of representational and thinking processes quickly spread in tum to related fields in 
cognitive science. such as linguistics and psychology (Abelson, 1981; Andenon. 1980; 

Bower, Black and Turner. 1979). And as could be expected. it is precisely around those 

concepts that recent approaches in education (Gagne. Yekovitch and Yekovitch, 1993; 

Paquette, Aubin and Crevier, 1994; Tardif. 1992. 1995) have built their own working 

model of the learne?s cognitive structure and founded their gened principles underlying 
efficient learning and teaching strategies. Distinguishing between such recognizable 
formats as declarative, procedural or contextuai representations enabled practitioners from 
education to partition the cumculum accordingly. and to design appropriate sets of 
activities through which students could best aquire them and put them into pratice. 

Declarative representations. for instance. would correspond to such pieces of knowledge 
as facts. d e s .  Iaws or principles, and they wodd be mainly acquired through listening, 
readîng and memorizing. The teacher could facilitate their leaming t5ough. by using two 

types of strategies. The f i s t  one. elaboration. consists in providing the leamer with many 
access mutes for the new information to be stored. 'Ihe teacher could make use of sviking 

anecdotes to render the facts more salien& or give a variety of examples and then ask the 
students to personalize them by generating their own. Organization, the second strategy. 
has to do with repackaging the information into a smaller number of units and then 
sinxsing the hierarchical relations between hem. The whole network of information muld 
thus be more easily reuieved and manipulaled through invoking the top unit as the entry 
point Procedurai representations, on the other hand. typically correspond to sequences of 
actions tbat capture the "know-hown aspect of leamed skilis. These are mainly acquired 
through apprenticeship, by careful observation and imitation of an appropriate model, 
foilowed by thorough practice. Here again. the teacher can support their acquisition by 
resorthg to some well-defmed strategies. The fmt one. proceduralization, involves 
making explicit, in tenns of simple productions, every single action the student should go 
through in perfonning the ta&, while the second, composition, explains how to Illik and 
merge these productions into a coherent sequence of steps whose execution wiU enact the 

W. 

Similar straîegies have been &vised as  weli for conditional knowledge. a particular form 
of procedural representations for the recognition of contextual constraints, Lhat some 
authors prefer to distinguish from the standard procedural format (Pintrich and Garcia, 
1994; Tardif, 1992). The main conclusion of a i l  this work. is that cognitive science, 



especidy through some of the powerful ideas issued from AI theorizing, could thus be 

seen as providing a b d  of foundation for educational iesearch, most essentiaily in the 

domain of knowledge representatioe It offered new theories for testing (Anderson. 1983; 

Newell, 1990; Neweil and Simon. 1972). new pnnciples for the design of tutonais 

(Anderson et al.. 1987), a new rationaie for the conception of effective teaching strategies 

(Paquette, Aubin and Crevier, 1994; Tardif, 1992). Through a l l  such endeavon, the 
cognitive science enterprise thus created new conceptual tools for the understanding of 

cornplex and enduring problerns about knowledge, leaming and education. such as: the 

simulation and modehg of phenornena like intuition., insight and discovery (Kaplan and 

Simon, 1990; Kulkami and Simon, 1988; Simon, 1995); the characterization of expertise 

versus novice behavior (Anders Ericsson and Smith. 1991; Chi. Glaser and Farr, 1988; 

Hoffman, 1992); the heuristic function of errors in leamkg (Tardif, 1995; Winston, 

1970); the tramfer of leaming (Butterfield and Nelson, 1989; Cormier and Hagrnan, 

1987; Detteman and Sternberg, 1993; Singley and Anderson. 1989; Winston, 1978); 

cooperation and collaborative problem solving (Winograd and Flores. 1986), and 

analogical reasoning (Gentner and Stevens, 1983; Holyoak and Thagard. 1995; 

Vosniadou and Ortony, 1989). 

2.2.3. Motivation in education: in need of basic models and concepts 

But as is often the case in such circumstances. die sudden popularity of cognitive science 

has also brought its own drawbacks. One of these has been a rapid i n c m  in the gap 
b e ~ n  cognitive and motivational aspects of learning and education, a weakness lhat had 

been stressed from the very beginning by some of the insiders (Brown et al.. 1983; 

Neisser. 1963; Norman, 1981; Simon, 1967), all of whom have advocated a more 

systemic and a better integrated view of cognition and affect in behavior. As a matter of 
fact, this split in interests has perhaps even been partly intentional. as Gardner (1985) 

reports in the history of the cognitive science movement, while he was stating the basic 

charac teristics of the new approach: 

The third feature of cognitive science is the deliberative decision to de-emphasize 
certain factors which may be important for cognitive functioning, but whose inclusion 
at this point would unnecessarily cornplicate the cog nitive-science en terprise. These 
factors include the infiuence of affective factors or emotions, the contribution of 
historical and cultural factors, and the role of the background context in which 
particular actions or thoughîs occur. (Gardner. 1985. p. 7) 



Within the last ten years though, there has been a slight reversai in this trend. For one 

thing. there has been an increasing preoccupation with culnval factors and background 

context, which grew into a domain of research that is now king c d e d  "situated learning" 

or situated cognition (Brown. Collins and Duguid. 1989; Greeno, Smith and Moore. 

1993; Rogoff and Lave. 1984). On the other hand, there also has been a revival of interest 

around motivational factors in education (Dweck, 1986; Lepper. 1988; Pinuich, Bmwn 
and Weinstein. 1994; Tardif. 1992; Viau, 1994). And this is good news, since therein Lie 

some of the most drarnatic problems educators are coofronwl with in their daily practice: 
what is it that makes some learnen invest so much into their leaming activities, while 

others fmd so linle interest in them - or even get so stmsed by them - that they evennialiy 

drop out of the educational system? This problem is at the very core of the whole 

enterprise. since it questions whether there is such a thing as "teaching methods". These 
ody seem to work with interested students - who might perhaps even succeed without 
them. or even without a teacher - but they abruptly hit a rough barrîer with a i l  those who 

are not already MUing to invest much in their classrwm lives. 

A most interesthg aspect of current s ~ d i e s  on student motivation, is that they have been 
quite influence. thernselves by the "cognitivist revolutionn. wbich gave "inside variables" 

a aientificaüy valid epistemologicd status. These snidies thus stand at a fair distance from 
the original behaviorist trend of earlier psychological work upon the subject of motivation, 

that excluded h m  consideration factors and variables that couid not be directiy observed 

This change of approach is probably best witnessed by the fact that the main interest has 
shifted from exainsic causes of motivation u> intrinsic ones: namely how the individual's 
goals and intentions get affected by the way the subject constnies and interprets his 
environment, as weIl as his own role and status @eci and Ryan, 1985; Lepper. 1983; 
Pintrich and De Groot, 1990; Pintrich and Garcia, 1994; Schunk, 1991; Schunk and 

Meece. 1992). In the cognitivkt perspective, -dent motivation is defined in terms of the 

individual's cornmitment and persistence in his choies of plans and actions (Tardif. 
1992. 1995; Viau, 1994). It is a dynamic state that is much affected by the subject's b e r  
world: his memory of past successes or failures, his conception of leaming and 

intelligence as innate or as constructive processes, his perception of the schooling system 

as tnily fostering learniog or as merely performing -ment, his estimation of the task 
as more or l e s  meaningful. as more or Less achievable, and as king  more or l e s  under 
his contml. 



Yet the buk of research on student motivation rernains mostly empirical. and essentially 

practice-oriented. This might seem a mandatory focus, considering the urgent and 

dramatic aspect of the problern: there is indeed a mynad of teachen (and students!) 

gasping daily on the front lines, waithg for adequate tools and cemedies to help meet their 

demands. But on the other hand, we lack some basic models for understandhg what is 
reaLly happening when someone gets "wounded" on the motivational "baalefield", what 

are the basic underlying processes involved. how affective matters relate to the cognitive 

processes, and what could b a t  be done to help, if something could actually be attempted 

Of course. there already exist a few useful models (Brophy, 1983; Tardif, 1992; Viau, 
1994). But they are aiI typically characterized by their efforts to organize into some 

structure variables that have been shown empirically to affect student motivation. 

including some of the inner conceptions of the student These have to do. as stated earlier, 

with the goals that are attributed to the schooling system. with the conception of 
intelligence as h e d  or as modifiable, with the perceived meaningfulness of the ta&, with 

its controllability, with the efforts estimateci as required for mastering it.. This is already 

quite helphil, yet one might wonder whether it would be possible to delve further so as to 

reach the kind of theoriMg that led, on the cognitive side. to such concepts as declarative, 

procedurd or conditional representations, and later on p the more cornplex data structures 

of frames, scripts and schemata. The actual models in motivation do point to some of the 

factors upon which the tacher  may act so as to foster in students greater persisterice. 
interest in and cornmitment to school work, or so as to reduce the unnecessary stress and 

burden of certain learning situations. But they do not explain at all what it is that makes an 
individual like or dislüce something, where the willingness - or the &tance - cornes 
from. They state that such and such a factor wiil affect motivation more or Lw indirectly. 
but they offer no indication as to why such factors should have becorne important, they do 

not say much about what activates w W  behavior or goal-orientation, they do not realiy 
get at the mechanics of motivation. 

The question that is raised then is whether such an explanation could be ngomusly 

offered? In other words, is it reasonable to ask for a workable computational mode1 of 

motivation? As far back as 1%7. in a paper entitîed Motivationai and EmotiollQl Connok 
of Cognition. Herbert Simon, one of the founders of the AI field, was probably the f m t  
to seriously address such a question, and to outline as weii a tentative answer: 

This paper will attempt to show how motivational and emotional controls over 
cognition can be incorporated into an information-pmessing system, so that thinking 



will take place in "intimate association with emotions and feelings", and will serve a 
"multiplicity of motives at the same time". (Simon, 1967. p. 30) 
The theory explains how a basically seriid information processor endowed with 
multiple ne& behaves adaptatively and sunives in an environment that preseou 
unpredictable threats and oppomuiities. (Simon, 1967, p. 39) 

Simon's mode1 rested upon two basic rnechanisms, a goal-termina~g mechanism dealing 
with current goals, one at a t h e ,  and an interruption mechanism that codd set aside 
ongoing programs when rd-tirne needs with high prionty were encountered. Simon used 

the terni motivation "to designate that which controls attention at any given t h e "  (1967, 

p. 34), and he associated the operation of the interruption device with what is usudy 

called emotions when the corresponding behavior occurs in humans. Undoubtedly, this 
might appear to be over~i rnp~ed ,  but it nevertheless captured one important aspect of 

emotional behavior, one that had already been singled out in Psychology by advocates of 

the so-called connict theories of emotion (Angier, 1927; Mandler, 1964). Be it as it may, 

nobody dared foliow Simon on such a perilous path for about ten more years, that is until 

the work of Aaron Sloman and his team at the University of Birmingham (Beaudoin, 

1994; Beaudoin and Sloman, 1993; Sloman, 1987, 1992; Sloman and Croucher, 198 1). 

Recentiy, in a humble mood, Sloman (1995) stated that he considered most of his work 

on the subject as "but fooaiotes to Simon's seminal paper". However, on more careful 

examination, his endeavour appears quite elabarate and fairly ambitious: 

For a full accomt of [emotions and attitudes] we require a theory of how mental states 
are generated and controued [...] - a theory about the mechanisms of the rnind. The 
theory should explain how intemal representations are built up, stored, c o r n p ~  and 
used to make inferences, formulate plans or control actions [...] Emotions are analyseci 
as states in which powerful motives respond to relevant beliefs by triggering 
mechanisms required by resource-limited intefigent systems. (Sloman, 1987, p. 218) 

Due to the central role attention plays within the theory, together with the basic 

requirement of a context-sensitive filter for controlling which motive codd be aüended t 

at any given tirne, and hence be docated due resources for completion, the hypothesized 

mode1 has b e n  called the "Attention Fiter Penetration Theory (AFP)". Now, such a 
rigorous attempt offers an excellent illustration of the kind of approach and the level of 

andysis that now seems mandatory within the domain of motivation research. Affect has 
indeed to be deeply integrated with cognition. but it has to be specified in tenns of the 

primitive processes upon which it rests, and the basic layer at which it operates. 



One contention of the preseat paper is that AI methods and concepts provide the proper 

foundation for such theorizing. Over the last 30 years, the development of cornputer 

hardware and software to represent behavioa endowed with thinking and intelligence has 
b e n  higNy rewarding. This has b e n  reflected not only in the design of new hardware or 

software per se, but also in the generation of new concepts for the ngorous understanding 

of knowledge representation. and in a deepened conceptuaiization of such processes as 
memory, language and expert problem-solving. Would it not be reasonable then to 

assume that comparable pay-off' codd emerge from the grinding of affective and 

motivational processes through tbe very same mill? 

2.2.4. Towards a amputational mode1 of emotions 

The aim of the present article is thus to advocate the devance  of building workable 

computational models of basic motivational processes, using the AI approach, to serve the 
interests of educational theory and practioe. But since the whole domain of motivation is 

perhaps too extensive for the purpose envkioned here, we will fmt defme some more 

realistic parameters. For one thkg, the fieid of motivation rypicaüy encornpasses ail kinds 
of factors and dispositions that lead an orgmism to act, and which would hence determine 
its choices and preferences among various alternative behaviors (Cofer and Appley, 

1964). But ihis inchdes different types of incentives such as thirst, hunger, fatigue or 

sexual drive (Toates. 1986), as weii as the whole set of emotional reactions evidenced in 

anxiety, joy, shame, guilt, aaachment, an- or sadness. 

There is a fairiy large consensus chat the whole field should at Ieast be split into the broad 

categories of needs and emotions. and a few criteria for distinguisbing hem have been 
proposed in the psychological literaaire (Plutchik, 1984, p. 214). For instance, emotions 

are typically triggered by exterual st imul i  while needs emerge from intemal variations 

within physiological variables. Moreover, emotions usuaily arise as a consequence of the 

presence of certain objects or events. while needs, on the contrary, rather manifest 

tfiemselves when there is a lack or absence of stimuli of homeostatic value. Antecedents of 

emotions - such as threat, goal thwarting, danger or loss - are relatively abstract and 

general, while needs are dependent upon fairly specific substances, such as food or water. 

Most emotional mctions follow h m  the perception and the appraisal of an event, while 

needs often precede the search for their appropriate incentive. Events that trigger emotions 

could occur on a random basis, while needr appear to be of a cyciic nature. 



Although we feel compelled to establish ielationships among the various forms of 
motivational processes that must be integrated within a functional system. it nevertheless 

seems wise to b i t  the analysis initiaLly to emotional behavior. On heuristic grounds. it is 
iikely that the motivational layer responsible for the regulation of basic physiologicai 
needs has much less direct impact on learning or cognition than does the (evolutionary 
more recent) layer which appears responsible for the management processes involved in 
pnde and contentment, trust and confidence. stress and anxiefy. persistence and 
cornmitment, self-image and aDtachment figures ... Yet it is far from obvious that processes 
such as those goveniing emotions, even pmperly modelled, could offer conceptuaï tools 
sufficieatly powerful to capture some of the basic problems that confront leaming and 
education. In AI terrns, this amounts to asking whether making provision for emotions 
withùi a complex problem-solving program could increase the overall performance and 

efficiency of the system. In the preceding section. we recalled Sloman's stance that, for a 

full understanding of attitudes and emotions. one would need a more general theory of 
cognition. planning, problern-solving and other mental processes. But what about the 

converse view that, perhaps. a cornputational theory of emotions might prove necessary 
for a full account of learning and intelligent behavior? Interestingly enough, in the nte 
Sociery of M W ,  Minsky (1985) goes so far as to suggest th= 

The question is not whether intelligent machines can have any emotions, but whether 
machines can be intelligent without any emotions. 1 suspect that once we give 
machines the ability to alter their own abilities well have to provide them with ail sorts 
of complex checks and balances. (Minsky. 1985. p. 163) 

The author begs the question of the purpose emotions serve. and raises the possibiiity that 

they might play a much greater role tban envisioned so far in the management and 

regulation of thought processes. If knowledge and concepts are to interact in an efficient 
and articulated manner within the educated mind, they have to be weighted some way. 
according to some stmctureà system of values. Othe&. every piece of knowledge is 
going to be of equal importance. with the result that most decision-making procedures 
would go awry and no imer  conflict could ever be settied. But then. where is this 

weighting scheme to corne from. and how should it be desiped? Similar interrogations 
about the relation between cognition and emotion are king heard more and more 
frequently within many disciplines inside cognitive science. and it so happew that they ail 

seem related as well to the questions of siniated cognition and of the socio-culNal factors 



which condition and constrain contextual leaming. We wiU examine briefly a few 

examples taken from such diverse fields as neurosciences. evolutionary biology and 

distributed AI. that might throw new light upon this problem. In ail cases, the ve- 

fabrication of knowledge as well as irs use seem to ernerge as an adaptive wav of handling 

fundamental problem raised through social interactions, such as communication. 

cooperation and conflict. 

2.2.4.1. Neuroscience 

ui a recent book entitled Descarte S Error: Emotion, Reason and the Human Brain, the 

neurologist Antonio R. Damasio (1994a; see also Damasio. 1994b) presents the results of 

twenty years of research with patients suffering from prefrontal lobe darnage. As a 

prototypical example, he recails a famous case from the last century, Phineas Gage, a 

railroad forernan who, as the result of an explosion. had a one meter bon rod traverse his 

skull and forehcad. The strange thing is that such a staggering wound did not seem to 

affect his knowledp, memory capacity. reasoning skills or learning abilities. Yet, to his 

neighbours, he becarne an entirely different man. no longer showing respect For social 

conventions, with little concem for reward or punishment, unable to keep commitments. 

make decisions. anticipate the future and plan accordingly. His whole personality was 

destroyed, he lost friands, wife, employment one after the other. and ended life 

miserably. The neurologist then compares Gage's fate to that of a modem patient. Elliot, 

who had gone through brain surgery to have a large deadly tumor removed from his 

prefrontal lobe. Extensive testing of his intellectual capabilities has revealed no specific 

impairment. although in red-life decision making. he showed totally defective. Damasio 

thus concludes that the deficits and alterations in this patient's behavior are similar to thox  

found in Gage. and reflects that "the cold-bloodedness of Elliot's reasoning prevented him 

from assigning different values to different options, and made his decision-making 

landscape hopelessly tlat." (Damasio, 1994a, p. 5 1) 

It so happens that the frontal lobes (especidy the orbital region) have more reciprocal 

connections with the Limbic s m i c t u ~ s  responsible for emotional processing than any other 

cortical region, and are thus considered as the neocortical representation of the limbic 

system (Davidson, 1984. 1992; LeDoux. 1987; MacLean. 1993: Rolls, 1990). 

hterestingly enough, the prefrontal cortex is also the most recent acquisition of the 

primates in evolution. This area is responsible for wiliful behavior resulting from an 



ability to anticipate the future. plan a course of action and reach decisions accordingly. It 

is also critical in developing appropriate social behavior and interaction. Monkeys with 

orbital frontal lesions becorne socially withdrawn and even fail to reestablish the close 

relationships they had entertained with their kins before the surgery (Kolb and Taylor. 

1990). Such individuals often get attacked and injured by their former friands and 

relatives (Kling. 1986). One plausible hypothesis might be that, as in Gage's and Elliot's 

cases. they evidence soma kind of social blindness with no ability to decode the cumnt 

signals that are used to regulate interaction among peers. In computational trrms. this 

suggests that perhaps Our most complex and recent brain development makes use of the 

older emotiond structures buried within the limbic system as some kind of operating 

system. If this were indeed the case, not much cognition - at least not very complex 

cognition - could by-pass this underlying emotional control suucnire. 

2.2.4.2. The "social intelligence hypothesis" 

The evolutionary biologist R. 1. M. Dunbar (1993) has recently proposed a fascinating 

theory about the coevolution of die human brain. social behavior and language. He look 

the ratio between the volume of the neocortex and the voIume of the rest of the brain as a 
basic measure of neocortical size. He then compared this index for more than thirty 

different nonhuman primate genera, and found that it covxied nicely with the mean group 

size in each species (accounting for 76% of the variance): anirnals organized in larger 

group life also bore larger neocortical ratios. When Dunbar applied his equation to human 

neocortical size. the predicted group size was of 147.8 individuals which, at first sight. 

seems to largely underestimate our typically overcrowded demography. In nonhuman 

primates. though, group size does not refer to the whole population. but to the usual 

stable cohesive band. Dun bar thus scanned through the ethnographie literature for any 

mention of historicd or contemporary human hunter-gatherer societies and found a mean 

size for the typical band. clan or village of. .. 148,4 inhabitants. He dso  found that the 

estimates of the size of Neolithic villages in Mesopotomia were of similar magnitude. He 

then wondered about typical organized groups. such as professional amies, and found 

that the company. the smailest independent unit in most m i e s .  invariably contained. 

from the Roman times up to the Second World War. between 1 0  and 200 men! Even 

acadernic communities rarely consist of more than 200 researchers. a point from which 

there is usually a split into subdisciplines. The author also reports experiments which 



estimated the total acquaintances network size of their subjecu at a mean number of 134 
persons. 

This finding fiu well with the "social intelligence hypothesis" (Cheney, Seyfarth and 
Smuts, 1986: Joiiy, 1966; Smaii, 1990) according to which primate intelligence evolved 
mainly to solve social (and political!) problems, and was only later extended to solve 
problerns outside the domain of affiliation, dominance and social relationships. For 
behavior to remain adaptive within the social environment, additional memory space was 
required in order to register the many ~ i g ~ c a n t  acquaintances, as weil as the rapidly 

growing number of possible relationships among hem: kinship, fnendships, alliances, 
hierarchies ... Not only was there a requirement for additionai mernory, but new 
interactive skills and strategies also had to be rnastered. In nonhuman primates, this 
acquisition is facilitated through the frequent activity of muaial grooming. But grooming 
takes time. and within the early hominid tribes, there hardy could have b e n  enough 

grooming time to meet the demands of the increased group size. This leads the author to 
suggest that the "language devicen might well have developed to serve in the acquisition of 
the complex social knowledge and inaicacies conceming a whole network of individuals. 
By way of verification, the author analyseci the topics of conversation in n a d y  fonned 
groups. He found that h m  65% to 75% of the information exchanged actuaüy deait with 

personal relationships. personai experiences or planning future social activities, a kind of 
information somewhat similar to that which groorning enables individuals to obtain within 
primate groups. From what has b e n  said before, it seems likely that the very First 
linguistic signais would have emerged and been differentiated from the more primitive 
emotional signals aiready available. As a matter of fact, expressive speech acts that 
communîcate emotional reactions, such as interjections, are thought to be the oldest foms  
of wonis in any langages; they are also the first ones to be acquired in chilhod, the last 
words to be lost in severe aphasia, before communication resorts to mere geswes, and 

they are the first ones to reappear during the recovery phase. 

2.2.4.3. Distributed artiricial intelligence 

Another related line of thought cornes fkom distributeci art if id intelligence (DAI), a new 
trend in research that emerged from "mainstream AI" some ffiteen to twenty years ago, 
with a different epistemological stance based on a sociological rather than on a 
psychological metaphor about the mind (Gasser, 1991; M h k y .  1985). Whereas classical 



AI had based its goal of designing intelligent systems on the postulate that the human 
individual could be taken as the basic model, the new paradigm adopted the view that 

most real world problems were typically worked upon, not by an isolated individual, but 

by a whole team of specialisu interacting together, sharing or opposing partial views. 

sometimes cooperating and sometimes conflicting, fmding their way towards a collective 

solution (Kornfield and Hewitt, 198 1; Lenat, 1975). DAI is thus uying to incorporate 

rigoro~sly into AI theorking and practice this most efficient human stratiegy of distributhg 
a given task among as many proceshg "agents" as needed, which could then operate in 
parailel and so contribute to the solution. Interestingly enough, such a view bears much 
resemblance to social-cognitive theuries of learning and education such as  Vygotsky's 

(1978) or Bandura's (1986), wherein howledge is seen as an emerging by-product of the 

active transactions among agents with different skills and various sophistication levels. 

Although this idea of a cornmtmity of processors acting together to solve a complex 

problem might seem a seductive metaphor. it nevenheless generates its own share of 
difficulties, namely how to facilitate teamwork coordination, how to h u r e  d i a b l e  

communication, how to negociate cooperation and resolve conflicting views As a matter 

of fact, in their cntical review of DAI research, Bond and Gasser (1988) point to the 

foilowing problems as the most basic ones for the whole field: 

How to [...] decompose, and docate problems [...] among a group of intelligent 
agents 
How to enable agents to c o m m u n i ~  and interact [...] 
How to ensure that agents act coherentiy [...] avoiding hannfui interactions 
How to enable individual agents to represent [... the] knowledge of other agents [...] 
How to recognize and m n d e  disparate Mewpoints and conflicting intentions among 
a collection of agents trying to coordinate their actions [...] (Bond and Gasser, 1988, 
P- 10) 

2.2.4.4. Control versus content 

Now, what is the common characteristic of aii these problems? In any case, it is surely 

relatively abstract since it does not seem to depend on any particda situation. In fact, it is 
not information content thar is Mvolved here, but essentially conmol, in the precise sense 
in which this term is currently used in cornputer science. Indeed, one has to specify, as 
simply and as efficiently as possible, what kind of events are to affect information flow, 
and what should ensue: that is, who is communicating with whom and when; which 

protocol is to be used so as to insure a coherent and common interpretation; how the 



knowledge of other agents is to affect the interaction, how cooperation will be promoted, 

how conflicts will be resolved. .. In other worùs, ail of die problem lkted above basically 
have to do with the design of m appropriate control stnïcture. and more precisely with 
distributed connol. Clearly, specifying a proper control scheme has always provided a 

path for the emergence and the evolution of new fundamental concepts in computer 

science (Winston, 1984). The declarative/procedural controversy raised in the early 

seventies is a good illustration of Ihis. The real question was whether conml stnicture 

should be merged with data structure. or whether it should be kept separate and operate 
upon data from the outside. And we have seen how profitable such concepts have proved 

for cognitive psychology and for education. It now seems more and more obvious that 

collective interaction lies at the core of complex knowledge processing and problem 
solving. But this c d s  for the design of simple yet powerful distributed control structures. 

Our contention is that the t h e  might be ripe for the concepnialization of a new control 

scheme based upon the metaphor of emotional processing, and that the new concepts thus 
generated will have a serious impact on many of the cognitive and social sciences, 
including education. The next section spells out some of the specifications that seem 
mandatory, if the modelling of ernotions is to remain properly grounded in the more 

primitive layer of physiologicd needs, yet serve as a coherent foundation for the 

modeliing of more complex interactions, including the ones that should secure the 

acquisition of knowledge and of higher cognitive processes. One basic tenet is that 

adaptive goal-oriented behavior has to do with motivation, and that motivation has Ïn tum 

to do with resource management Another important argument is that the concept of 

cornmitment acu as a cntical resource and plays a fundamental role in regula~g the 

complex transactions evidenced in higher social animals, at l e s t  witbin individuah of 

species that manifest numiring and cooperating behavior, and that have, for this purpose, 

evolved emotional control stmctures. 

2.2.5. Sketch of a model: ernotions as cornmitment operators 

If one is to design adficial systems that are to evidence motivational or emotional 

capacities. what requirements are these beings likely to be faced with, and what kind of 

ontology would be apt to meet such requirements? O d e y  (1992, p. 31-36) suggests that 

ernotions might have developed as designed solutions for individuals of species faced 
with the challenge of "augmenteci planning". This problematic augmentation is threefold: 



more complex species have to deal with multiple goals to be handled in p d e l .  which 
increases the risks of conflicts; yet these organisms could only count on imperfect 
knowledge and limited resources; moreover these individuals generally have to interact 
with many other agents. which calls for efficient mechanisms insuring communication, 
coordination and cooperation. Hewitt (1 985, 199 1) likewise specifies the essential 
requirement for adaptive agents of having to cope with "open systems". wherein various 
unforeseen events could happen at any time and so hinder current planning. In such cases, 

provisions for solutions have to be generated quickly enough, often in spite of many 
interacting and conflicting agents. Hewitt also stresses that agents have but local 
knowledge and bounded scope. so they are typically limited to "armfs lengthw 
relationships. 

On the other hand. these natural agents are to be "evolvablen creatures. submitted to the 
"subsumption principle" (Brooks. 1991). This means that they should not have ken 
faced with too abrupt changes or global reorganization in their design, such that later 
acquisitions should "subsume" the older ones. Their real-tirne reactive capabilities thus 
have to result from the operation of successive layers of control, an argument in favor of 
the functional additivity of those interwmected layers, such at each level. the design 

proves adaptive in itself, but that every successive layer ad& new functionalities without 
disrupting the preceding ones. For our purpose, the subsumption principle points to the 

idea that emotional stnictures Likely developed on top of simpler existing motivational 
structures. and evolved so as to enhance and extend further the e x i s ~ g  functionalities of 
the older layer. 

An additionna1 requirement for agents immersed in dynamically changing open systems, 
is that they shouid display a fair amount of autonorny (McFarland, 1995; Steels. 1995). 

But mere "executive autonorny" (Castelfranchi. 1994) whereby one is only free to execute 

whatever command cornes from outside, is cleariy not suffkient here. Real autonomous 
agents shouid be selkontrolling. they should have the capability for seif-ùetemination of 
goals. This means that, more often than not, they will behave in ways that will be 
primarily beneficial to themselves, with the consequence that they cannot aiways be 
assumed to be benevolent, nor even sincere and tnistworthy. In pursuit of their own 
goals. they might also have to innuence other agents of their kind. This implies bat, by 
virtue of sharing a common ontolopy, such agents should themselves be liable to 



dependence and infiuencing. So the stakes are fairly high, and the challenge of 
concepaialiruig agents that are to meet such requirements is no easy ta& 

A basic premise of our work is that the underpinning of motivation provides one essential 

h e  of attack for this design problern. In specifying "a p ~ c i p l e d  theory of agency and 
autonomy", Luck and dlInverno (1995) defined autonomous agents as progressive 

refmements within a hierarchy of computational entities. They fmt defmed objects as 

generic entities with anributes and capabilities, pretty much dong the lines these concepts 
have k e n  defmed in object-oriented languages (Goldberg and Robson, 1983; Stef* and 

Bobrow, 1986). Then agents are specified as forming the subclass of objects that have 

goals. Finally, automnww agents are conceptualized as agents with motivations. hdeed, 

the concepts of autonorny and motivation are intimately related: if agents are ever to 

become autonomous, it WU only be through getting control over their motivations, by 

having ways of setting their own goals. But what is motivation about in the first place, 

w h e ~  do goals ultimately corne from? Our daim is that motivation bmicafly has to do 
with rnunuging resources, a task which is fundamental for the agents, and which has to 
becorne their ultimate goal 

It is thus necessary to spec* what is to be counted as a resource. In the agent context, we 

defme resources more or less as energy is defmed in physics: whatever is required for the 
production of work It could be physical energy like heat or electriciv or food, but it 

could also be other things: tirne, money. aniliation. power, kno w ledge ... For instance, 

various forms of affiiation. such as kinship or fi-iendship, typically refer to other agents 

that one could count on in distressful situations, in order to get access to a needed 

resource. Likewise, power over other agents is a way of hamesshg their resources to 

benefit one's own, and could as such be counted a s  a proper resource. For educationd 

concems. it is a welcome fact that knowledge itself is also to be considered as a very 

precious kind of resource. To illustrate the point, one merely has to imagine that a robot 

has to get to a given location, an effort which should cost it some amount of physical 

energy. But if the agent l e m  about a shorter route than usual to that location, th is  

s-c knowledge is clearly wonh some economy in fuel, it could bence be counted as a 
resource, and even be quantitatively rneasured in terms of the energy saved. 

Now. it seerns usefui to refme the concept and to distinguish at least two different kinds 
of resources: £kt-order and second-order- Fmt-order resources are ones that an agent cm 



access directly by himselt Second-order resounies, on the other hand, are those that an 
agent gets only indirectly. by way of other agents. For instance, in numuing species like 
birds or rnammals, newboms can get access to f o d  only through haWig theu parents 

provide the resources for them. Hence, the basic distinction between first-order and 

second-order resources. is that the latter rest essentially upon a mediahg  agent. More 

specifcally, it is not the agent per se that is the resource, but whatever makes that one can 

count on him: namely, the cornmitment is the resource! It should be clear though that 

commitments are not just "potential" resources. Some food out of reach, that one could try 
to access. could be seen as rnerely potential, but the d e f ~ t i o n  of second-order resources 

proposed here relies upon some other agent, that one counts o n  It is intrinsically bounded 

with multi-agent societies (MAS). Yet, this does not mean that commitments have to be 
fomulated in a conscious or reflective way: attachment structures, for instance. do 

involve commitments between caretakers and infants that are presurnably triggered 

through the activation of wired-in releasers and partidly built-in structures (Lewis and 
Rosenblum, 1974; Reite and Field, 1985). 

Being specifically defmed in ternis of resources, commitments thus appear as the 

foundation of "sociality" (Castelfranchi, 1990), the ability for autonomous agents to enter 
into social relations: by regulating exchange, they enable the agents to use one another as a 
way to access addi tional resources tbat would othenvise remah out of reach, or too costly 

to obtain. Within complex species that purçue multiple goals, and who absolutely require 
as such the cooperation of other agents, commitments might even become the most 

important of ail resources! One important corollary is that MAS thus require an effective 
contml mechanisrn to regulate and controi cornmitment fluctuations. Hence, it is iikely 

that, in social species like ours, evolutionary forces would have favored and selected for 
precisely those organisms that would have become equipped with powemil mechanisms 
to insure control over commitments. This fits rather nicely with the "social intemgence 
hypothesisn presented in the preceding section! 

Among anirnals, needr, such as hunger or thirst, are the primary motivational processes 

(Toates, 1986) that insure management and regulation of first-order resources, be it 

available food or water. security or reproduction. In higher (social. or at least numiring) 
animals, ermtiom, such as anger or guilt. are the secondary motivational processes that 

insure management and regulation of second-order resources, namely commitments (Aubé 

and Senteni. 1995, 1996a. 1996b). Very much like needs, emotiond processes are 



powerful control structures that act so as to protect agents and societies of agents from 

h g  out of resources. In terms of the subsumption principle. they could be conceiveci 

as an additional layer of design that developed on top of the underneath layer of needs, 
using much of its control power, but taking over whenever the access to resources 

requires the cooperation of other agents. Presumably, one should also think of an even 

further layer of design, exploiting the communicative and the intentional capabilities 

offered by the ernotional layer, and responsible for reasoning, long-term planning and 
complex problem solving strategies. Operathg much like ne&, the emotional control 

processes are triggered by ~ i g ~ c a n t  variations in the flow of resources, specificdy 

second-order ones, for instance when there is a threat of breach in commitments, or an 
opportunity for establishing new ones. Certain events are like1y to have an impact upon an 
agent's stock of resources. When those variations cross a critical threshold, needs are 
c a e d  in to regulate them. In more complex animals, other agents can supply the missing 

resomes, pmvided they are commiüed to behave so. Emotions are designed in to ~guiate 
the operation of this additional layer. 

Of course, such a stance &es resmict emotiom to the social d o d n .  But it so happas 

that universai antecedents of emotions such as joy, sadness, anger, shame or guilt.. 
typically have to do with social relations, and even that they occur most often within close 

relationships (Baurneister, Stillwell and Heatherton, 1994; Ekman, 1994; Lazanis, 199 1; 

Scherer, 1988). Herbert Simon, in his paper on motivation, had already noted that: 

"situations involving interaction with other human beings are characteristically more 

heavily laden with emotions than any other situationsn (Simon, 1967, p. 37). Oatley and 

Johnson-Laird (1987), in presenting their "communicative theory of emotions", likewise 

pointed that: 

Most emotions of interest to humans occur in the course of our relations with others* 
(Oatley and Johnson-Laird, 1987, p. 41) 
Many adult plans are munial: [...] Such plans are among the most important that we 
make: marriage, parenthood, employment, friendships erc. Many of our more intense 
and problematic emotions concern plans where mutuality has been sought for, set up, 
or assumed. (Oatley and Johnson-Laird, 1987, p. 43) 

These considerations would lead us to exclude from Our List of emotions, for instance, 

certain fears such as that of humans reacting to a sudden noise. Such reactions are thought 

to rest upon a more primitive layer for handling needs (security king involved here). Our 
basic criterion for counting a motivational process as an emotion, is that it should provide 



for some communicative means in the s e ~ œ  of interagent binding and cornmitment (such 

as dami or distress cab), even if the componding message is not actually sent in some 

particular situation. There is much experhental data from the psychophysiology of 

emotions that provide suggestive evidence for different ongins behind the repertoire of 

human fears (ohman, 1986) and for the fact that some of these behaviors rest upon much 

simpler and evolutionary older stnictures (Ekrnan. Friesen and Simons, 1985). It is our 
contention that reserving "emotions" for the control structures that are responsible for 

commihnents management will do much to help disambiguate the tenn itseIf and specify 

the possible design of these stnictures. 

Along with this social characterization of emotions, another prerequisite is that ail agents 

belonging to the same community have been built according to the same ontology. so they 

c m o t  escape from responding to the emotional acts emitted by other members. The 

expression of anger, for instance, only makes sense if the recipient is constrained, 

through some built-in design. to react to it significantly. Othenvise. it would likely have 

already b e n  dropped from the behavior repertoire. through naiural selection. Hence. one 

should envision, for every category of emotions. some built-in detector that would be 

triggered if the appropriate reaction is mandatory. and some list of prefemd actions 

towards the target agent, from which the system should choose. A more detailed account 

of the computational specifications of the model, has been presented elsewhere (Aubé and 

Senteni. 1996a, 1996b). specifying how significant variations in the "stock" of 

commitments wouid act as signals to trigger the various emotions. and which set of 

actions are thereby selected so as to regain control over the perturbation. 

2.2.6. Conclusion 

The present paper has argueci for the relevance of computational design-based theones of 

motivation and emotiow as a much needed foundation for cognitive and social sciences. 
including education. We fmt recalled how insightful AI models have been in generating 

powerfd concepts about problem solving and knowledge representation, which in turn 
fostered the conceptualization of new efficient teaching strategies. Although empirical 

vefication will always remah mandatory to sort out theones, careful abstract reflection 

and modelling still offer a powerf'ul source of new ideas. Just consider, for instance. that 

the concept of constmctivisrn. which surely lies at the core of cognitive science, and of 

most modem approaches in education. did not actually corne f'm empiricai research. but 



has progressively emerged from the boisterous debates between the nativists and the 

empiricists tnat marked a few centuries of philosophical thinking (Boring. 1942). 

Secondly, we contrasted the current research on student motivation with that which bears 

on cognitive processes, and suggested that a similar approach rnight also prove fniitful in 

generating useful concepts. Our contention is that the time is ripe for facing the challenge 

of addressing the issue of motivation by trying to design autonomous anificial agents that 

would have to care for themselves and about others, if they are to adapt in compkx 

environments. mainly populated by other agents of similar design. In consonance with the 

"social intelligence hypothesis" as well as with the basic postulates of disvibuted AI, we 

are even tempted to suggest that, for knowledge to be securely acquired by members of a 

given community, and efficiently communicated to other members in order to achieve 

coordination and cooperation, an educational system has to take into account and rely 

upon an adequate control structure of the kind we proposed. 

We especially want to stress here the importance of the concept of commitment. It has 

been noted that student motivation has often been defied in the Literature in terms of the 

individual's cornmitment to and persistence in his choices of plans and actions (Tardif. 

1992, 1995; Viau, 1994). Now that particular meaning of "commitment" refers to the 

individualistic deffition of the terni, as it has been typically used in the psychological 

literature (Kiesler, 1971). and connotes the idea of persisting in one's own intention 

(Cohen and Levesque, 1990a). We have tried to show that adopting a more interactive 

sense of commiünent, as a kind of contract - whether implicit or explicit - between two or 

more agents, might take us much further toward deciphering motivated behavior. We 

nevertheles contrast Our view with the position of symbolic interactionist sociologists who 

see "commitment as the overd organizaûon of an agent's participation in many settings 

simultaneously" (Gasser, 1991, p. 113). These theorists conceive it as an emergent 

phenornenon. resulting from joint courses of action. "Commitmen t from the social 

perspective is grounded in the action of many agents' activities taken together - it is not a 

matter of individual choice" (Gasser, 199 1, p. L 14). Our way of integrating the 

individualistic and the emergent stances is through the notion of second-order resources. 

Individuals in species that have evolved "sociality", the ability for autonomous agents to 

enter into social relations (Castelfranchi, 1990), depend for their sumival upon the 

resources they can get from the others. Although they are bound to persist in their 

individualistic interests and intentions. the scheme of "sociality " may stiil work adap tivel y 

through repeated interactions, provided these individuals could resort to a powerful 



regulating mechanhm insuring conml over each other's cornmitrnents. This is where the 

emotional signals and functions fit in. 

Consequences of such a design for human behavior are manifold. For instance, in social 

psychology, it has been known for about fifty years that intragroup communication 
promotes cooperation in social dilemmas (Orbell, van de Kragt and Dawes, 1988), but the 

reason why this works has evaded explanation until recently. Social dilemmas are 
situations where individu& have to choose between actions that will beiiefit the group as 
a whole, and actions that will benefit them individudy (Dawes, 1980). One example is to 

accept higher gasoiine prices, or to use public transportafion more fqueni ly ,  in order to 

reduce overall pollution What is it that happens during p u p  discussion that so enhanœs 

the individuals' will to cooperate? The best explanation so fat is that through talking, 

"group members made and honored cornmitrnents to cooperate" (Kerr and Kaufman- 

Gilliland, 1994, p. 5 13). This works even if the choice is taken anonyrnously, even if the 

individual does not !Wy d z e  why he has changed his behavior, provideci he did take an 

active part in the discussion. Recent applications of speech act theory (Austin, 1962; 
Searle, 1969, 1979) point in the very same direction. Statements phrased in one's 

language do not merely assert propositions that are tnie or false. They essentiaily convey 

the emitter's intentions, and can only work because of the cornmitments (Winograd and 

Flores, 1986) each speaker makes, through the use of the linguistic conventions, to 

recognize the other's intentions. Even mere assertions commit the emitter to his sinçerity 

about the tmth of the statements made, and cail in turn upon the teceptor to admit the mth 
thus professed. Work on cooperation in game theory (Axeirod, 1984; Axeirod and 

Hamilton, 1981; Frank, 1988) as  weiï as on the evolution of reciprocal altniism in animai 

biology (Trivers, 1971) dso stresses the utility of some automatic control mechanism 
penaining to the emotions for instigating the will to cooperate and for regulating ongoing 

be havior. 

Retuming to education, Our analysis suggests that the proper sense of commitment 

underlying student motivation is very likely the interactive one. If such is the case, it 

might not be sufficient simply to try to act upon the students' mernories or beliefs about 
past successes or faiiures, about intelligence as innate or as constructive processes, about 

the schoohg system as truly fostering learning or as merely performing assessrnent, 
about the current task as king more or l e s  meaningful, as king more or las achievable, 

or as k i n g  more o r  less under their control. From our standpoint, the interventions 



proposed in current theories do not seem totally adquate. since they do not "interactively" 
commit the students towards their teacher. towards their friends or parents. or even 

towards society as a whole, nor do they commit the teacher, or the other actors, towards 

the student Our mode1 advocates a more intensive use of the underlying conml structure 

of emotions to this end: anger when sorneone else is transgressing standards, guilt when 
self is defecting, joy when new alliances are created, sorrow when old alliances are lost.. 
This does not mean mere manipulation though: we tmly believe that these are the forces 
that we inherited through molution so us to homess the dflculries of getring along Md 
learning to cooperate in a worfd of egoism and selfrshness. Just as a better understanding 
of one's own cognitive processes might foster learning through offering recourse to 
metacognitive strategies, in a similar way, a better understanding of the processes 
underlying motivation and social conduct might serve to invoque "meta-emotive" 
strategies. of the kind that Salovey and Mayer (1989) have termed "ernotional 
intelligence": 

a set of skih hypothesized to contribute to the accurate appraisd and expression of 
emotion in oneself and others, the effective regdation of emotion in self and others, 
and the use of feelings to motivate, plan, and achieve in one's Me. (Saiovey and 
Mayer, 1989, p. 185) 

We also think ihat the kind of computational analysis linking goal-oriented behavior to 

resource management that we have proposed here, might evenhially help uncover the 
mechanics of such powerful means of acquisition as imitation (Dautenhahn, 1995; 
Meltzoff and Gopnik, 1993; Mitchell, 1987), social referencing (Kiinnert et al., 1983; 
Trevarthen, 1984) and attachment leaming (Minsky, 1985). ail tools that prove so 
efficient in gettîng the child to acquire relatively quickly extremely cornplex skills, such as 
language, humour, sociai conventions and a whole system of values. 



Chapitre 3. 

Les fondements psychologiques 
du modèle 

3.1. Présentation de l'article 

Il n'est &idemment pas possible d'envisager la conception d'un modèle plausible des 

stnichires 6motionneUes et de leur fonctionnement sans disposer de solides co~aissances  

sur les données empiriques d6jA accumulées à ce sujet, et sur les diverses propositions 

Moriques qui ont cherché 2 mettre un peu d'ordre dans ces observations. Un examen 
approfondi de la Litt&ature contemporaine en psychologie cognitive des h o t i o n s  s'est 

donc avéré incontournable pour l'atteinte de notre objectif. L'intention qui  a préside à la 

conception et à la ddaction de l'article faisant l'objet du présent chapitre, &ait justement 

d'assurer notre modélisation des fondements psychologiques solides, appuyés sur les 

données empiriques recueillies dans le domaine de la psychologie - et parfois aussi de la 
biologie et de la sociologie - des Crnotions. C'est d'ailleurs l'article le plus long et le plus 

largement documenté de ceux produits dans le cadre de cette thèse, et la revue à laquelle 

nous l'avons acheminé, Psychological Bulletin, accepte effectivement des articles de fond 

de cette ampleur, surtout lorsqu'ils proposent un éclairage nouveau sur l'un ou L'autre des 
débats majeurs qui habitent la discipline et captent l'attention des chercheurs. 

L'etendue et la diversité des recherches sur la question émotions sont cependant tellement 

vastes, qu'il nous a f d u  op&r avec methode pour rep6rer et sélectionner les résultats les 
plus significatifs. La strat6gie que nous avons utilisee à cette fïm a bté d'effectuer une 
méta-analyse partir des principales controverses qui ont traversé Mtude des emotions 

dans les deux demibres décedes ,  et de les exploiter comme révElateur des concepts et 
des résultats les plus significatifs. La lecture préalable d'ouvrages de synthése récents 

(Frijda, 1986; Lazarus, 1991a; Kirouac. 1989; Oatley. 1992). de manuels de base (Lewis 
et  Haviland. 1993; Plutchik et Kellerman, 1980. 1983, 1986) d'actes de congrès ou 



d'autres recueils thhatiques similaires en psychologie des tmotions (Clark et Fiske, 

1982; Hamilton, Bower et Frijda, 1988; H a d .  1986; Itard, Kagan et Zajonc, 1983; 
Scherer et Elanan, 1984; Shweder et Levine, 1984; Stein. Leventhal et Trabasso, 1990). 
nous a ainsi amené il identifier les dtbats qui semblaient les plus fondamentaux. Nous 

avons compldd ce tour d'horizon par un examen systématique des articles publits dans 

deux des revues les plus récentes et les plus importantes de ce domaine, Motivation and 
Enwtiun et Cognition and Emotiun (cette demiere n'étant effectivement Cditée que depuis 

1987). Cette recension nous a permis de repérer par la suite d'autres sources pertinentes 

pour approfondir notre analyse et notre compréhension des enjeux - souvent d'ordre 

Cpistémologique - qui se profüent demere ces débats théoriques. 

Outre l'introduction et  la conclusion, l'article qui suit comporte trois sections plus 

substantielles, les deux premières abordant chacune des deux plincipales controverses qui 
ont orni@ l'avant-sdne en psychologie des émotions dans les quinze demihres années, et 

la troisi2me proposant une piste de rapprochement, permettant d'anénuer l'écart théorique 

entre les positions divergentes, et conduisant directement à l'élaboration de notre modéle. 

La premih  de ces mis parties traite de la controverse qui a opposé principaiement Zajonc 

et Lazanis, (Clark et Fiske, 1982; Izard, Kagan e t  Zajonc, 1983; Lazanis, 1981, 1982. 

1984; Leventhal et Scherer, 1987; Zajonc, 1980, 1984% 1984b; Scherer et 5 a n ,  1984) 

durant la d k e m i e  1980, sur l'autonomie ou la dépendance relative entre les processus 

émotionnels et les processus cognitifs. La position de Zajonc soutenait que les tmotions 

optraient de façon indtpendanie du fonctionnement rationnel ("Preferences need no 

inferences", Zajonc, 1980). et que leur activation reposait même sur des structures neuro- 

physiologiques spécifiques. Lazanis répliquait que. sans tvaluation cognitive permettant 

de déterminer la signifcation d'un stimulus. n'importe quel evénement pourrait déclencher 

n'importe queue Cmotion n'importe quel moment, ce qui enbera i t  du même coup aux 
émotions tout leur pouvoir adaptatif. 

Nous tâchons de montrer. qu'au fur et à mesure de son d6roulernent. ce debat s'est 

surtout enlise dans des querelles de d é f ~ t i o n s ,  chacun redéfinissant à son tour de façon 

beaucoup trop extensive les deux termes du conflit, émozion et cognition. Nous terminons 
cene section en proposant d'adopter une approche fonctionnaliste. inspirée notamment de 
1% et de la Vie artificielle, et visant plutôt 2k spécifier en termes de design ce que chaque 

terme peut recouvrir. Nous envisageons ainsi les structures Cmotio~eiies comme une 
couche & contrôle particulière, apparue entre celle, plus primitive. qui g8re les besoins et 



les instincts, et celle. beaucoup plus récente dans l'évolution, qui sous-tend l'analyse 

rationnelle. 

La section suivante de l'article analyse la controverse qui a opposé les théoriciens des 

"6motions de base" aux théoriciens de l'appraisal (Carnras. 1992; Davidson. 1992; 

Ekman. 1992a. 1992b; Ellsworth. 199 1; Izard. 1992; Johnson-Laird et Oatley, 1992: 

Ortony et Turner. 1990; Panksepp. 1992; Stein et Oatley. 1992; Stein et Tnbasso. 1992; 

Turner and Ortony. 1992; Wierrbicka. 1992). Tout aussi notoire que le précedent. ce 

débat a été lancé dans la communauté des chercheurs en psychologie des émotions par un 

article particulièrement provocateur. What's basic about basic ernotions?. publie dans 

Psychological Review par Orony et Turner (1990), deux adeptes de la théorie de 

l'appropriation. Selon les théoriciens des "kmotions de base". il existerait un petit nombre 

de structures dmotionnelles - probablement moins d'une douzaine - reposant sur 

l'opération de circuits neurophysiologiques sous-jacents. et suffisant il rendre compte de 

la diversité en m&me temps que de l'universalitt! des émotions. Leurs opposants. les 

théoriciens de l'appropriation. postulent plutôt que les différentes evaluations cognitives 

("appraisals") effectuees en présence d'un événement - comme sa nouveaute. ou sa 

contrôlabilité - constituent plutôt les véritables unités de base de l'expérience émotionnelle. 

Nous tâchons de montrer qu'il y a une ambipït6 fondamentaie dans l'usage qui est fait du 

concept d'appraisal. et que les deux théories sont peut-eue moins distantes l'une de l'autre 

qu'il n'y paraît. contribuant chacune de façon significative, mais complémentaire, à la 

résolution du puzzle. Ainsi. l'identification des diffkrents appraisals permet de spécifier 

avec précision les circonstances et les conditions de déclenchement de chaque structure 

émotionnelle. dont la théorie des emotions de base permet de décrire, sous la forme de 

scripts, le fonctionnement et les modalités d'expression. 

Nous profitons egalement de cette analyse pour repérer les candidats qui. 3 travers 

l'ensemble de la littérature que nous avons parcourue. apparaissent les plus plausibles 

comme mécanismes de base de la "couche de contrôle" émotionnelle. Nous tâchons 

ensuite de formuler, à partir des deux classes de théories examinées. une structure de 

déclenchement cohérente. qui puisse en même temps servir de principe taxinomique pour 

la catégorisation et l'identification de chaque structure Cmotionneile. Dans la perspective 

d'elaborer un modèle computationnel des &notions. une telle opdrationalisation était en 

effet incontournable, puisqu'il faut spécifier avec précision et exactitude le type de signal 



dont l'avènement doit entrainer une intemiptioa ou une modification du traitement en 
cours* 

Nous terminons l'article en daffmant .  à partir de la multiplicité des données empiriques 

considérées, le caractère essentiellement social et interactif de cette structure de contrôle. 

Cette perspective nous amene à invoquer le concept d'engagement comme principe 

explicatif, ce qui en fait un concept-clé pour la comprdhension des structures 

Cmotionneiles, et pour la conceptualisation de structures de contrôle efficaces pour les 
systèmes multi-agents. Cette notion sera cependant abord& plus en profondeur au 
chapitre suivant 



Design for emotions: A computational stance 
basic emotions and components of appraisalz 

6 3 

integrating 

Abstmct. Ever since the psychology of emotions has emerged from the larger domain 
of motivation, it has k e n  populated by a host of controversies. It is argued that these 
debaies offer a promising path dong which to probe the criticai phenornena that have to be 
represented and explained in a consistent theory. Two of these are analysed more 
thoroughly here, with the a h  of specifying a computationd design for emotions. To 
resolve the famous contmversy between Lazanis and Zajonc, it was proposed to adopt a 
design- based stance borrowed from Artificial Life researc h, in considering emotional 
processes as forming a specific layer, with specific functional charactenstics. As a 
solution to the debate opposing basic emotions and appraisal thmrists, it is proposed that 
the appraisal view has focused its research on the elicitation side of emotions. while the 
basic emotions stance has rather k e n  speculating about the content of the emotional 
experience, through the execution of script-Like encapsulated processes. The cornparison 
of both positions brings D light their complementary contributions, and offers by the 
same token a workable compromise to the debate opposing the biopsychological and the 
social conslnictionist views of emotions. It is thus proposed that emotions are 
motivational processes whose basic function is to insure the management and regdation 
of second-order resources. or commitrnents, that bind individuah into multiagent 
cooperating societies. Consequences of such a view for a computational irnplementation 
are examined in the conclusion, 
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3.2.1. Introduction 

Since the mid-seventies when the psychology of emotions emerged from the larger 
domain of motivation. as a speciric and well delioeated field of studks (Kirouac. 1989, 
1993; Strongman, 1987). it seerns that it has constantly k e n  plagued with heated and 

passionate controversies. To recall but a few. suffiœ it to mentioa- 

the famous debate between Lararus nnd W o n g  (Lazanis, 198 1, 1982, 1984, 1991 b; 
Zajonc. 1980, 1984a 1984b; Zajonc and Markus, 1984). in the American Psychobgist 
about the independency of cognitive and emotional processes; 
the facial feeciback hypothesis attributable to Darwin (1872/1965), Tomkins (1962, 
1963) and Izard (1971), which got reactivated by Laud (1974). was vigorously attacked 
by Tourangeau and EUsworth (1979) and engendered various comments and replies 
(Buck. 1980; Ellsworth and Tourangeau. 198 1; Hager and Elanan, 1981; Izard, 198 1; 
Laird 1984; Matsumoto. 1987; Tomkins. 198 1; Witon. 1986); 
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the biopsychologicd (Gray, 1982, 1990; LeDoux, 1989, 1993; Panksepp, 1982, 1986, 
1989, 1993; Roils. 1990) versus the social consmrctionist view of emotions (Averill, 
1980; Harré, 1986; Kemper, 1987; Levy, 1984a, 1984b; Lutz, 1986. 1988; Rosddo, 
1984; Solomon, 1984); 
the dimenrionui versus categotïcal characterization of emotions (Clore and Ortony. 199 1; 
Etcoff and Magee, 1992; Fehr, Russell and Ward. 1982; Fehr and Russell, 1984; 
Fromme and O'Brien, 1982; Russell, 1979, 1980, 1991a; Russeil and Bullock, 1986; 
Russell, Lewicka and Niit, 1989; Schlosberg? 1941, 1952, 1954; Shaver, Schwartz, 
Kirson and O'Connor, 1987); 
the busic emotions coniroversy raised by h n y  and Turner (1990) that led to passionate 
replies in the Psychological Review and to a whole issue of Cognition and Emution 
(Camras, 1992; Davidson, 1992; Elanan, 1992a, 1992b; Izard, 1992; Johnson-Laird 
and Oatiey, 1992; Panksepp, 1992; Stein and Oatley, 1992; Stein and Trabasso, 1992; 
Tumer and Ortony, 1992; Wierzbicka, 1992); 
and more recently the innateness-universaliry thesis challenged by Janes A. Russell 
(Ekman, OISullivan and Matsumoto, 199 1 ; Ekman, 1994; Izard; 1994; Russell, 1989, 
1991b, 1991~. 1994)- 

Fortunately. such intellechial toumaments, far from weakening a growing field of interest. 
make for scientific vigor by stimulahg further theoretical refmements as weli as 

redirecting more carefully controlled data gathering. Indeed, such practice is quite 
consonant with Poppefs (1979) and Kuhnls (1970) views of the evolution of scientific 

knowledge through refuting weil formulated conjecaires and establishing new paradigrns. 

Comprehensive theories of emotions that would include most relevant aspects - from 
neurology, to behavior, to interactions with learning, cognitive and sociological 

processes, to development and pathology - are sti l l  fairly scarce. Frijda (1986, 1988). 

Izard (197 1, 1977, 1984). Mandler (1975, 1984). Oatley and Johnson-Laird (1987, 

1996: Johnson-Laird, 1988; Oadey, 1992). Plutchik (1 980, 1984). Scherer (1 984, 1986. 

1988% 1988b. 1992, 1993), and Tomkins (1962, 1963, 1984) would count among the 
d a h g  few. But how to choose among such theoretical accounts, and how to come up 
with even better thwries? That is pteciSe1y where the heuristic value of intellectual debates 
such as the ones mentioned cornes in. They act as powemil lenses to scnitùlize ?heones, 

they b ~ g  Baws into sharp focus, they c d  for the clarification of unspecified details or 
fuzzy conceptualizations, they enlarge the scope and help foresee the h i t s  of a given 

perspective. And since different theories often share common facets, one single, well 

stated controversy could generate a fair amount of empirical research and foster many 

The present article w3.i actualiy draw on two of these controversies in order to re-evaluate 
the current paradigms and to examine one that seems to be progressively emerging from 



the massive data accumulated and from the reciprocal sharpening of the various 
argurnen ts. The fmt proposal we are to consider is w hether emo tion and cognition result 

from the operation of distinct and separate systems, or whether emotion should more or 
less be subsumed under the broader concept of cognition. The second one questions 
whether any specific statu should be given to some resaicted subset of discrete emotions, 

or whether ail of them could be explained more parsimoniously by specifying the proper 
appraisak or attributions that lie behind each emotional experience. 

We have chosen these proposais because they are quite inuicately reiated to each other, yet 
are dso relevant to the issues underlying many other controversies in the field. If it 

becomes obvious, for example, that affect does require some cognitive appraisal (fmt 
question), then any proposition for the design of a discrete emotion (second question) 
would have to make provision for such an evaluative device. On the other hand the quest 
for specinc neurological substrates of emotions, which charactelizes the biopsychological 
standpoint, together with the hypothesis of facial efference being determinant in the 
aetiology and the phenomenology of emotions, would argue in favor of independent 
processes for emotions. Furthemore, it is fairly easy to understand that the discrete 
emotions approach is essentially categoricai. that one of the main criteria for basic 
emotions is precisely the innateness-unive~sality thesis, that another criterion rests on the 
existence of a specific neurologicai circuitry which runs counter to a strict social 
constnictionist point of view. and that a convincing argument in favor of the facial 

feedback hypothesis would appear congruent with the basic ernotions stance. Our aim 
then is to re-examine carefully the various arguments behind these two leading 
controversies. to scrutinite the core concepts in each - namely what is specifcally meant 
by such tems as cognitive or basic or appraisal - and to propose a way out through the 

assessrnent of their acnial episternological statu. It is our contention that a design-based 
approach, aimed at proposing a computationai account of the emotional processes, might 
contribute by identifying these elements from each side of the controversies which could 
be reunited and structured in such a way as to enhance understanding. 

3.2.2. The cogni tion-emotion controversy 

3.2.2.1. The Zajonc-Lazarus debate 

The cognition-emotion controversy, in its most m e n t  form, was launched by Zajonc's 
1979 invited address to the APA entitled: Feeling and niinking, Preferences Need No 



Inferences (Zajonc. 1980). which gave way to a passionate exchange, mainly with 

Lazarus. during the following years (Lazanis. 1981. 1982,1984; Zajonc. 1984% 1984b). 

It should be achowledged though, that the (almost) opposite view of emotions resu lhg  

from a cognitive interpretation of physiological arousal could be traced back to the James- 

Lange theory (Lange and James, 1884, 1885. 189011967) at the end of the last century. 

which had b e n  revived by Schachter and Singer's (1962) famous experimenf and which 

was M e r  given a cognitivist flavor by Mandler (1975). 

Zajonc's proposal was to establish affects a s  resulting from processes quite independent 

of the cognitive ones. His arguments were as foilow s: affect is pnrnary, in that judgments 
usually corne f i t  as global emotional evaluations (positive versus negative) of incornhg 

events; affect is bacic, automatic and effortless, requirhg minimal cognitive engagement 

and appearing as an innate reaciion in complex organisms; affective reactions are generally 

inescapable. irrevocable and centered on the self;. affective reactions appear as global and 

instantaneous, diflcult to verbalire. and more appropriately express& through motor 

behavior and nonverbal channels; affective reactions need not depend on cognitive 

p-ing or on elaborate feature analysis of the incornhg in pu^ affective reactions may 
become separated from content, leaving overall impressions in memory rather than 
accurate mords of events. 

AU of these reasons Ied Zajonc to believe that the processes resulting in the immediate and 
syncretic reactions cded  emotions had t~ be quite different from the slower and more 

analytic processes involved in the production and transformation of knowledge. An 

irnponant pmblem though. is that the main ernpirical data that Zajonc drew on as 
confirmation did not seern too convincing. dealing essentiaiiy with pnor exposure effects 

and primacy effects. These referred to the phenornenon of briefly presented stimuli Oess 
than ten milliseconds) eliciting preference judgments even though no recognition 

occurred. One should &O recd that the figures used were Chinese ideographs (Moreland 
and Zajonc, 1977. 1979) or random polygons (Kunst-Wilson and Zajonc. 1980), which 

most people would probably not consider as tembly good examples of emotion eliciting 

stimuli! 

Lazarus (1981, 1982) replied that the r e m g  of emotion and cognition as separate and 
independant psychological systems was scientificaliy counterproductive, an 

epistemological retreat to the old days of facuity psychology. He argued that Zajonc had 



adhered to a rather simplistic view of information theory where ail processing had to be 
serial, with the cognitive evaluation resting on the output side of the sequence. Lazanis's 

own stance was that cognitive mediation was a necessary condition for emotioa In his 
view, the computation of meaning had to start at the very beginning, probably in a paralle1 

and preattentive fashion, with many interactions dong the way with sensory, perceptual 
and emotional processes. He also stated that evaluation did not have to be entkely 

conscious or deliberaie, and could be produced very quickiy on the b a i s  of only partial 
information, before the "rational" analysis of the stimulus was entirely completed. 

"If one insists that cognitive apparaisal is always a precondition to emotion", Zajonc 

repiied "one is forced to aîiow cognition to be reduced to such minimal pmcesses as the 

fuuig of the retinal ceus" (Zajonc, 1984, p. 121). He then criticized his opponent of so 

widely broadening the definition of appraisal, that it abolished a l l  useful distinctions 

between sensation, perception and cognition. Zajonc contended bat LAZUUS'S proposition 

could not be falsified, since it &fineci emotional reaction as necessarily requiring cognitive 

evaluation, even when this minimal appraisal remained unconscious and unobservable. 

He thus strongly advocated that the debate should be resolved on empkical rather than on 

definitional grounds. He iisted fwther arguments for the separabiiity of the two systems: 

phylogenetic and ontogenetic primacy of affects that seem to be present in early infancy, 
across a fair range of different cultures and even in some closely related species of 

nonhuman primates; separate ne~roanato~cal stmcmres c o n f ~ ~ ~ ~ l e d  through preponderant 

activation of the limbic structures during emo tional episodes, through differential activity 
of the two hemispheres, and through smc sensory -h ypothalamic projections b ypassing 
the usual sensory-cortical pathways; disjoint appraisal and affect evidenced through 
ciifferences in primacy and recency effects - or in recognition and recd  - for material 

loaded on affective content; affective reactions withoul oppraisnl as in conditioning to 
aversive stimulus O btained under anesthesia, or in autonomic discrimination without 

awareness of previously seen nonsense syllables; affective states induced through 

noncognitive procedirres, such as dnigs, hormones, electrical stimulation of the brain or 

even posed facial expression through precise muscdar contractions, but without the 

subjects king explicitely informed of the actual emotions associatBd with each pattem. 

Lazamsts (1984) answer was twofold: first, Zajonc had misunderstood Lazanis's 

epistemologicd stance as to wbat he meant by cognition and emotion mpectively; second, 
the additional supporting evidence presented for the case of separability was not as 



conclusive as might have a p p e a d  He pointed out that Zajonc himself had never given a 
clear d e f ~ t i o n  of ernotion. and had loosely subsumed under the term a large variety of 

diverse phenomena As an examplc Lazarus contrasted this vagueness with the thorough 

anaiysis of the startle reaction that had enabled Ekman and his colleagues (Elman, Friesen 
and Simons, then submitî& but hrer published in 1985) to classify it as a reflex and that 
made it clearly distinguishable from typical emotions. He also raised similar questions as 
to w hether sensory prefereuces could senously be regmieci as emotions. 

As a matter of fact, this question of preference judgrnents was further investigated at the 

time (Bonanno and Stillings, 1986; Seamon, Brody and Kauff, 1983a. 1983b). and 

appeared to be rather a matter of familiarity, attribuable to the fact that some amount of 

processing had already occurred This activity increased the Likelihood of the elements 

k i n g  selected, even though not enough features had been processed to enable full 
recognition. The phenomenon also proved sensitive to judgments about some other 

physical characteristics of the stimuli, such as  brightness and darkness, even without 

recognition being obtained (Mander, Nakamura and Van Zandt, 1987). Although 

working from a neurophysiological perspective. Squire (1992) recently compared those 

judgmena of preference and familiarity to the phenornenon of primUig, which refers to an 
increased facility for d e t e c ~ g  stimuli as a resdt of pnor presentation Squire went on to 

suggest that repetition priming "ocrurs as changes in early-stage perceptual processing 

systems in posterior corte& befm conceptual or semantic analysis is d e d  out" (Squire, 
1992, p. 212) and he actually clairned to have obtained direct evidence. using positron 

emission tomography, for the devance of posteior cortex activity to this phenomenon 

Hence L a z m  appeared somewhat justified in king siceptical about loosely deiineated 

ternis or phenomena invoked as arguments. He rather advocated a precisely formulated 

definition of emotion that shodd include not only the physiological arousal, the 
phenomenological and the behavioml expressive components, but the appraisal one as 
weL He just could not figure out how any emotional reaction codd even be triggered 

without the organism having beforehand evaluated the significance of the stimulus. 
Othewise, any event could induce any emotion at any moment, and not much adaptive 

hinction couid convincingly be ascribed to the affective processes. 



3.2.2.2. What is meant by "cognitive"? 

The rebuttals went on. bouncing back and forth. without any of the opponents being 

much convinced by the otherfs arguments. It should be clear by now that there was 
epistemological üuth on both sides and that the c m  of the debate rested essentially upon 

the different meanings Lazams and Zajonc attnbuted respectively to the terni "cognition" 

(see Scherer. 1993. pp. 326-329. and Leventhal and Scherer. 1987. pp. 5-8. for a related 

view). Were these definitions so incompatible. yet were they even appropriate? Lazams 

himself, in a more recent article (1991b), alluded that "there has  b e n  a tendency to 

overextend cognition and treat it as equivalent to mind" (Lazarus. L991b. p. 352). 

Obviously. with such an extension. all mental phenornena qualify as cognitions and no 

further understanding is gained through the use of the word. Unfortunately. many other 

ternis still appear unduly equated with cognition. and as a consequence much conceptual 

dissipation still p ~ v a i l s .  

Cognition versus information processing. In a paper airned at specifying a diversity of 

sources for emotion activation. Izard (1993) raises the point that cognition has 

misleadingly ken  equated with information processing. Indeed. the popularity of the 

"cognitive revolution" in psychology has almost reached the status of "intellectual 

irnperialism" (Zajonc, 1984b. p. 145) whose effect is more or less to "cannibalize" 

(Kirouac, 1993. p. 47) various other conceptualizations such as perception or emotion. 

LeDoux (1989) had acmally made similar comments as to the use of computation: 

The meaning of the stimulus is not given in the physical characteristics of the 
stimulus but instead is detennined by computations performed by the brain. As 
computation is the benchmark of the cognitive, the computation of affective 
significance could be considered a cognitive process. If the computation of 
stimulus significance is a cognitive process, then emotion, we must conclude. is 
just a class of cognition. (LeDoux, 1989, pp. 27 1-272) 

Izard (1993) urges exverne caution in using so loose a critenon to establish a distinction 

between cognition and emotion, since computations occur everywhere in the organism. 

from the operation of DNA in genetic processing. to the neural processing within a single 

mon, to rnedullar reflexes, to €med action patterns. to irnprinting, to language and higher 

mental processes ... Izard ( 1993) rather advocates a restricted use of the tem: 

The cognitive category includes al1 mental processes that depend on acquired 
representations, those representations derived from the learning and experience of 



the individual. Cognition, as  defmed in differential emotions theory [...] and in the 
present mode1 of emotion activation, begins at that point on the information- 
processing continuum where learning or expenence produces mental 
representations and mernory suffcient to mediate cornparison processes and 
discrimination. (Izard, 1993, p. 7 1) 

Conscious versus unconscious. Another important source of confusions deals wiih 

conscious awareness king or not required as a component of cognition. Concepts such as 
pre-processing, multi-stages of processing, levels of processing (Craik and Lockhart, 
1972). or the "cognitive unconscious" (Kihlstrom, 1987), as weil as the work quoted 

above on pnor exposure effects of stimuli that were not recognized (Bonanno and 

Stillings, 1986; Kunst-Wilson and Zajonc, 1980; Mandler et al.. 1987; Moreland and 
Zajonc, 1977. 1979; Searnon et al., 1983a, 1983b). aU point towards the fact that 
cognition is never ail or none and rather results from an active p m s s  of elaboration out 
of which only some partial products ever reach consciousness. 

Automutic versus deliberate processing. A related distinction re fers to the appraisal of 
events operathg in a reflex-like fashion as opposed to king  under the systematic conûol 
of the WU. Aithough Zajonc's (1980) original address had invoked this as an argument 
for the separability of the two systems. most emotion theorists, from either side of the 

controveay, would nowadays recognize, not only the likeiihood, but the existence and 

even the theoretical necessity of sorne mechanism of automatic appraisal: 

Since the interval between stimulus and emotional response is sometimes 
extraordinady short, the appraisal mechanism must be capable of operating with 
great speed. Often the appraisal is not only quick but it happens without 
awareness, so 1 must postdate that the appraisal mechanism is able to operate 
automaticaiiy. (Ekman, 1977, p. 58; see also Elanan, 1992b. pp. 187-189) 

Ernoûon signals provide a specific communication system which can invoke the 
actions of sorne processors and switch others off. It sets the whole system into an 
organized emotion mode without propositional data having to be evaluated by a 
high-level conscious operating system which would have to reason about an 
appropriate action. (Oatley and Johnson-Laird, 1987, p. 33) 

The sensory motor level of [emotional] processing consists of multiple 
components, including a set of innate expressive-motor programmes and cerebral 
activating systems which are stimulated automaticdy, i.e. without volitional 
effon by a variety of extemai stimuli and by intemal changes of state. (Leventhal 
and Scherer. 1987, p. 8) 



Regardless of whether one favours a cognitive, feedback, or central theory of 
emotion. the core of the emotional system is thus a mechanism for computing the 
afkctive ~ i ~ c a n c e  of stimuli. As this mechanisms is the precursor to conscious 
emotional experience, it operates, by deflnition, outside of conscious awareness. 
(LeDoux, 1989, p. 271) 

We may arrive at the appraisal pattern through an automatic process of knowing in 
the Heideggerian sense, even if the process is preconscious or unconslious, or via 
deliberate, self-controlled, abstact cognitive anaiysis. (Laz;i~s, 199 1 b, p. 362) 

Geneticaily coded information relevant to evolutionaq significant stimuli, though 
unavailable to consciousness, interacts with information denved bough cognitive 
processes to determine the s w c  emotion response. (Izard, 1993, p.7 1) 

Knowledge versus appruisal. Hence, concepts of conscious awareness o r  of deliberate 

self-control fall shoit of providing definitive criterion for distinguishing between cognition 

and emotion. Yet the problem got even more complicated since Lazarus, after having 
fought rather fiercely to establish emotion as dependent on cognition, reinstated an 

additional distinction within the concept of cognition itself, by contranùig knowledge and 

appraisal (Lazarus and Smith, 1988; Lazanis, 199 1 b). Knowledge consists of cold 
cognitions about the way things are and how they work, while apparaisal has to do with 
the significance of events for personal weil-being; it consists of hot  cognitions. 

Knowledge, in itself, is not suffcient for - and does not necessarily lead to - emotion, 

whde appraisal is both necessary and sufficient for the elicitation of emotion. 

Primas> versus secondary appraisal. The latter concept is even further split up into 

different kinds of appraisai. Prirnary appraisal addresses whether the situation is relevant 

for the self, in king potentidy beneficial or hamful (Frijda, 1986, would use the tem 

concern h m ) .  Secondary appnkd, on the other band, defmes the adaptiod ~ i ~ c a n c e ;  
it evduates the individuaïs coping potential, i.e. whether some action is required. and 

whether it can ahially be rnanaged. 

So far, the "cognitive landscape" is quite loaded! Indeed, what cornes out of this rapid 
overview is that cognition, as a theoretical construct, covers quite a variable range of 

definitions. Depending on the authors. it could encompass practicaliy dl kinds of 

cornputations, or else be simply restricted to what has b e n  acquired and represented in 

memory. It should be acknowledged though. that such abusive broadening of terms did 
not o d y  happen through cognitivist enthusiasm. but was encountered on the other side as 
weli, as  evidenced in the definition of emotion "as a change in the intemal systerns of the 



invertebrate so that it is more likely to perfonn a particular behavior" (McGuire, 1993, p. 
158). Such an encornpassing viewpoint permitted this author to scribe plain emotions to 

insecu and to various other invertebrates such as moliusks or cephalopods. Clearly, in 

each case, some rationale should be specified for adopMg a weU deiineated range across a 
whole spectmrn of possible interpietatioos. 

3.2.2.3. The design stance as a possible way out 

Perhaps should we briefly comment here about the epistemological status of defmitions, 

and about the usage they are put to within the process of theorking. Unless one adopts the 

stance of naive realism, it should be stressed that, in the strive to "came nature at its 
joints", definitions do not conespond to the smalifigure that laborious!y comes out, but 

rather to the chisel that does the carving! Definitions are not simply "out there" to be 
"objectively" uncovered like other empiricai data. they are conceptual tools that are 
fcrbricated beforehand to probe and dig and cut through whatever realis, might eventually 

show up to be. If this vision is appropriate, the particular shaping of defIIiitions hence 

depends on the usage one wants to put them to. Before getting hold of any tools, the 

question of what purpose they are going to serve is obviously to guide choosing (or 

manufacturing) these very tools. 

So, what is it that we want to accomplish with deffitions of cognition or ernotion? One 

answer that most clearly emerges from the artificial intelligence field, but that also 

progressively permeates through closely related disciplines, like neurosciences, 

constmctivist psychology and most of the other cognitive sciences, is design. That is, one 
wonders about how to specify appropriate workable designs, whether based on 

phylogeny, ontogeny, engineering, or any combinations of those, that can meet the 

requirements of adaptive behavior. Now, it is quite cIear, from the mas of arguments that 

have been thrown into the cognitionemotion debate, that, aimost by definition, 

information processing or cornputation operate behind any kind of possible behaviors, be 
they perceptual. motor. emotionai or whatever. So if there were to be some purpose in 

postulating different concepts for these ternis, we propose (as do Johnson-Laird and 
Oatley, 1992, pp. 204-208) that it be to specSy Meren t  [ayers of design. built on top of 
each oiher, that could help understand how very complex behaviors could have evolved at 
all. and how they could eventually be described through some kind of reverse 

engineering. 



The approach we have in mind here is somewhat akin to a methodology developed in 

Artificial Life (Brooks. 1991a, 1991b; Kirsh, 1991b; Maes. 1991). Brooks fmt mails 
that evolution took about three billion years, from the onset of Me. to reach the level of 

simple vertebrates, around 500 million years ago. This was the amount of time taken 
(reqmJired?) to design the fmt articulatecl sensing and locomoting mechanisrns. But then 

things moved on rather fast. 125 million more years to get to the reptiles, another 125 to 

get to the mammals, and another 125 to get to the first primates. Brooks f m l y  believes 

that senson-morricizy wczr the hard mk, and that the higher mental processes that 

"classical AIn still looks after, should be far more simpler to achieve, once the ability to 
move and react has been capmred through proper design To this end. he advocates a 

rather stringent methodology: 

We must incrementally build up the capabilities of intelligent systems, having 
complete system ut each step ofthe way and thus automatically ensure that the 
pieces and their interfaces are valid At each step we should build complete 
intelligent systems that we let loose in the teal world with reai sensing and real 
action. (Brooks, 199 1 b. p. 140; our italics) 

Some typical systerns that came out were autonomous six-legged insect-like robots that 

wandered around the Iab floor, avoiding obstacles. looking for certain "preys" to seize 
and fleeing at the sight of large moving objects. One example of design portrays three 

successive layers, the bottom one respoosible for the avoiding behavior, the rniddle one 

enabling quasi-randorn wandering when there is nothing to flee from. and the top one 
looking ahead for distant empty places to e q h r e .  The overall behavior seemed quite weii- 

integrated, but it is important to stress bat, on each step, the robot could already produce 
its proper f u n c t i o ~ l  behavior, before the next layer was installed on top of it. These 

principles seemed sound, h m  an evolutionary standpoint, in that they produced 

progressively more complex adaptive mechanisms through simply adding and connecting 
further functional layers without k i n g  to reorganize or rebuild the entire design for each 
improvement 

Now, the problem of choosing and designing a layer capable of produciog a coherent 

adaptive behavior in itself, but which would ako  provide for usefil plarfonn on which to 
build addiriomi und more complex mes. is no easy task! It certainly was difficult (and 
lengthy) for evolution, envisioned as some kind of designer. and so it is indeed for the 
theory builder who tries to provide a coherent account for cornplex observed behaviors. 

What we are proposing here. so as to elucidate the emotion-cognition debate. is a similar 



vision of two broad layers that appeared successive1y in evolution, the fust one k i n g  

h d y  functional by itself before the second developed on top of i t  Such a view implies 

that whichever term we scribe to the top layer should be grounded and wired in the 

undemeath layer, and that Gom then on the complete system should hinction as a coherent 

intercomected whole. It also implies that the top layer could not stand - and very likely, 

could not even have developed - by itself. As a matter of fact, due to its greater 

complexity, it could only have become realizable through boomapping, because of the 

more primitive structures provided by the underlying layer, as  powemil building blocks. 

Such a hierarchical proposal, though, is no newcorner within current theories of 

emotions. In an influentid paper, Noman (1980) thus criticized the ernphasis that early 
research on cognition had placed on "pure cognitive systems", with the result of 

neglecting social and motivational factors, and many critical aspects concernhg animate 

systems. He smssed the foremost importance of the basic regdatory processes insuring 

nourishrnent, protection and reproduction in living creatures, and proposed a h - l a y e r e d  

design as the overali structure to handle real life demands: the regulatory system. the 

emotional system and the cognitive system. The fmt  one, the most primitive. would deal 

with simple and vital mechanisms concemed with body states, pain and pleasure, or basic 

needs. The 1 s t  one would have grown out of the requirements of the regdatory system, 

to add the resources of perception, knowledge and language. And the middle structure of 
emotions was seen as "an interplay between the two" (Norman, 1980, p. 11; see also his 
figure 5 on page 12). so that a cognitive analysis from the top layer could, at limes, cause 

the regulatory systern to generate the appropriate musa l  in case of emergencies, so as to 

alert the whole organism and insure adaptive behavior. 

Yet, the oldest and most popular formulation is probably MacLeanls (1993) distinction 

between reptilian, paleomamrnalian and neomamrnalian structures of the brain. It was 
MacLean who introduced the tenn "limbic system" in the medical and neurophysiological 

litterature back in 1952, following Broca's usage of "limbic lobe" for some related, 
dthough much less cornplicated structures. MacLean's view was that three rather well 

distinguishable layers of the forebrain were actuaily responsible for progressively more 

adaptive behaviors. He postulated that various evolutionary old anatomical structures - 
including basal ganglia, globus pallidus and the corpus striatus - were responsible for 

basic animality, i.e. the orchestration of daily sensorirnotor routines required for sunivai. 

Those were present in reptiles, birds and mammals, and MacLean called them the R- 



complex (R for reptilian). On top of those, then appeared the l i h i c  structures of 
amygdda, hippocarnpus. septum and chalamocyngulate gyms, among others. Those 
seemed mainly responsible for self-preservative (search for food and defense against 

predators) and procreative functions. The thalamocingulate division. in panicular, 

htroduced new forms of  behaviors, such as audiovocal communication (as in the 

separa tion cry ), matemal-O f f s p ~ g  caring, and play. Finall y, the neocortical stmctures 

came out as the most m e n t  layer. offering large memory bases for representation, and, 
together with them (especially in prefrontal cortex). some innovative capacities for 

problem solving, planning and the foreseeing of hihue outcornes. 

Buck's (1985) primes theory (PRIrnary MotivationaVEmotiona1 Systems), as another 
example, described three hierarchicdy relatexi special-purpose systems, each associated 

with a particular physiological substrate. The lowest level was responsible for bodily 

adaptation and homeostasis, and recruited simple automatic mechanisms. from tropisms 

and taxes to reflexes and fixed action patterns. to primary drives such as hunger, thirsf 
sleep and sex. The middle one involved mechanisms of outward expression comprising 

primary affects such as fear, anger, joy, sadness and the like. FinaUy, the third one 

involved an intemal cognitive readout that would allow for syncretic knowledge, 

exploratory behavior and self-regdation of expressions. 

In a similar way of thinking, Oatley and Johnson-Laird (1987; Johnson-Laird, 1988) 
posited needs and emotions as a middle level in between the stereotyped mictions of 
instinctive stmctures and the more sophisticated behavior of propositional reasoning and 
problem solving. Leventha1 and Scherer (1987) iikewise formulated three successive 

leveis of emotiond processing. The sensory-motor level consisted mainly of innate 
expressive-motor programmes. The second one. the schernatic level, ingrated sensory- 

motor processes with image-like prototypes of emotional situations to register 
expectations in memory about frequent encounters. The third Ievel, the conceptual one, 

could activate propositiondy organised mernory structures fomed by cornparisons of 

various emotional episodes. 

Hence. the idea of different functional layers does not appear too unsound. But it is 

essential to our view that the focus be put on the design aspect We should then go on to 
specify, at least approxirnatively. what each layer should - or should not - encompass. We 
should also try to formulate, by the same token, what kind of building blocks the middle 



one has to offer, and what the top one could make of these. as it further develops. 

Rovided these precautions are kept in mind, it does not present much difficulty that the 

middle Layer be calied "emotiod". In line with the various proposais iisted above, we 

also assume it is built on top of a simpler one, practically corresponding to the level 

reached by Brooks' artificial insects, and more or less akin to the instinctive structures and 

need mechanisms described by the ethologists (Eibl-Eibesfeldt, 1975; Tinbergen. 1980; 

Von Uexküll, 1956). As to the denomination chosen for the top layer, "representational", 

in the sense of "based upon acquiRd representations" (Izard (1993, p. 7 1), would seem to 

offer a better tem than "cognitive". Yet, it is clear that both the needs and ernotions layers 

are also nIled wiU all kinds of representations at various levels of complexity. On the other 

hand, the concepts of ration* or consciousness stiU remain fairly controversial, and the 

corresponding adjectives wodd not suit either. Hence, for lack of a better term, we will 
adopt "deliberativen here, as a provisory denomination. 

3.2.2.4. Characteristics of the emotional layer 

Semi-absnacmess. Now, what is it that the emotional layer has to offer, beyond what is 

already taken charge of by the instinctive one, but without king sophisticated enough to 
be counted as penalliing to the deliberaiive? Typical instinctive structures, like f i  action 

patterns (FAP), are triggered in an d-or-none fashion through the operation of template- 

Like innate releasers, that conainite fairly simple computational devices. As an example, 

Herring G d  chicks will peck for food upon their parents' bill provideci they see the small 

red spot at the base of their b& (Tinbergen, 1980. p. 53). On the other hand, they could 

very wen starve to death, if the beaL had k e n  covered with different colors, although they 

wouid stiU peck on a yellow painted stick of the proper size. if only a srnail red spot 

a p p e d  on i t  Emotional structures, as oppsed to FAP, get trîggered by much more 
absnact situations. Anger, for instance, would be best elicited by thwarting or goal 

obstruction, fear would arise in situations of threat or danger, distress would generaily 

result from loss, be it of a beloved one or of a valued object.. (Boucher. 1983; Lut% 

1988; Scherer, Wallbott and Summerfield, 1986; Scherer, 1988b; Stein, Trabasso and 

Liwag, 1993) But what is the proper stimulus for goal obstruction, danger or loss? And 

how could their recognition be easily - and rapidly - computed? StiU, even simple 
rnammais like rats or mice evidenœ the expected emotionai reactions upon situations of 
thrcat or obstruction. Hence, from a designaienteci point of view, there is room for such 

a level of processing, that presumably combines the outputs of maay wired-in releasers 



from the undemeath layer. yet without having IO mort to the analytical power of the 

slower operating data structures €mm the deliberative level right above. But the semi- 
abstract fonnat that characterizes that level of pmcesshg makes for useful input io the 

more complex ope ra~g  layer. 

Context-sensitivity. AhAlso. the fact that emotions could be elicited through a large variety of 
situations, that similar classes of evenu could either be interpreted as threat or challenge. 
as rule-transgression or danger. depending on -tus and context (Archer, 1976)- point 

towards emotional structures behg contexr-semirive. computatiooally speaking. while 
FAP seem to rest on simpler context-free processing, based on much less elaborate 

memory requirernents. As a possible mechanism. Ortony, Clore and Collins (1988) 
"assume that there is a context-sensitive emotion-spedk thieshold associated with each 
emotion so that the emotion wiU only be experienced if its threshold is exceeded" (Ortony 
et al., 1988, p. 81). 

Intentiunaiity. Another crucial characteristic of the emotional layer is that it basically deals 
with intentionaiity and goal-oriented behavior. Indeed, most cognitive theories of 
emotions wodd subscribe to the idea that emotions u s d y  have to do with the proczss of 
goal-attainment, and arise in response to events that are likely to bear important 
consequences upon the individual's goals (Frijda. 1986, 1988; Johnson-Laird. 1988; 

Mander. 1975,1984; Oatley and Johnson-Laird, 1987; Oatley, 1992; Ortony et al., 1988; 
Stein et al., 1993; from an aiMcid intelligence perspective on emotions, similar ideas are 
found in Bates, Loyali and Reilly, 1992; Beaudoin, 1994; Beaudoin and Sloman, 1993; 
Dyer, 1987; Eliiott, 1992; Frijda and Swagerman, 1987; Lehnert and Vine, 1987; 

Sloman. 1987; Sloman and Croucher. 1981). In Ftijda's words: 

Much of emotional behavior is intentional behavior [...] Many emotions can be 
defmed by an intentiowl smrcrure: bat of maintainhg or changing a given kind of 
situation. and doing that in certain ways, with respect to certain aspects of the 
given situation and with regard to given kinds of object in those situations. They 
c m  ofen be more closely, more appropriarefy, and more specifically defined Ui 
this manner &an ui any odrer. (Fnjda, 1986. p. 98; our italics) 

Oatley and Johnson-Laird (1987) also consider thatr 

The cognitive systern adopts an emotion mode ar a signijicant jwcture of a plan, 
[...) when the evaluation (conxious or uncooscious) of the likely succeu of a 
plan changes. We assume that these junctures are both distinctive and recurring, 



so that the emotional system in mammais has evolved to recognise hem and to 
establish distinctive responses to them. (Oatiey and Johnson-Laird. 1987, p. 35; 
our italics) 

Likewise, Stein et al. (1993) state th 

[Our] theory [of emotions] is based upon critical assumptions about human 
intentionulity and goal-directed action A fundamental assertion is that the major 
life task of individuals is to monitor the statu of goals and preferences that lead to 
States of well-being. [...] In privileging intentional action as a core part of our 
theory, we are assurning that people have a built-in mechanisrn that allows them to 
represent goal-action-outcome sequences in relationship to the maintenance of 
goals. (Stein et al., 1993. pp. 279-28 1) 

This idea of a built-in mechanism to easily capture intentionality is quite congenial to our 

own stance, and illustrates the benefit such a computational device would offer as a fmt- 
order approximation of the more complex and abstract causal structures that the 

deliberative layer will have to elaborate about the world. Indeed, in recalling the old debate 

between Hume and Kant on the nature of causation and the nature of c a d  attribution, 

Beaudoin (1994) argues that causal inference ought to be "theory-driven" rather than 
based on mere statistical covariations between events, because causal relations could never 
be logically ascenained. As a fmt-hand solution to tbis profound epistemological 

problem, the intentional structures embedded in emotional reactions as some kind of 
evolutionary adaptive guess, already provide "implicit theuries to explain and predict our 
own and othen' actionsn (Oatley, 1992, p. 7 1). Lemerise and Dodge (1993) also make a 

similar interpretation about the development of anger expressions in young children: 

It is presumed that the expression of anger r e q e  an understanding that one can 
act UitentionaUy to cause harm. [...] Anger is f i  cleariy expresseci at the age that 
infants should have at l e s t  a rudimentary understanding of the means-end 
relation. [...] It is also possible thut situations diar elicit anger may facilitate or 
accelerate the consolidotion of causal u n d e r s d i n g  because of the salience of 
those situations. (Lemerise and Dodge, 1993, p. 539; our itaIics). 

Presumably - and fortunately - those srnall theories dready make for powerful 

communicative means between infants and parents, before higher language processes step 
in. But this process of attributing intentions happens even wirhin animals: for instance, if 1 

inadvertently stumble over my sleeping dog. his typicd reaction is to stare "unbelievably" 

at me and then come sniff at my face as if to check whether 1 am angry at him (that is, if I 
dare infer so, whether 1 did it "on purpose" or not). But the point should not be too 



surprising, if one thinks about threat or submission displays within various species, that 

convey rather cleariy the eminer's intentiom of anacking, or of appeasing and retreating. 

It is perhaps also worth pointing that the very k t  causal models that chidren will overtiy 

use about physical phenornena pertain to animism, a s  Piaget (1926) would characterize 

them. in attributhg intentions to naturai forces. Attribution theory of emotions (Weiner, 

1982, 1985; Weiner and Graham, 1984; Wong and Weiner, 198 1). on the other hand, 
contends that people typically engage in spontaneous causal searches (asking why 

questions) when the outcome of an event appears as negative or unexpected or deaimental 

to goal attainment 

Communicativity. Another critical feature of the emotional layer has to do with its 

communicative characteristics. This is indeed such a fundamental aspect of Oatley and 

Johnson-Laird's theory, that they caU it the commrcnicative theory of emotion (Johnson- 

Laird, 1988; Oatley, 1992; Oatley and Johnson-L,aïrâ, 1987, 1996): 

Emotions serve two principal functions. Firsk they are a f o m  of interna1 
communication that sets cognitive processors into one of a srnail number of 
characteristic modes. 1.-.] Second, emotions are a form of e x t e r n a l  
communication, important in the adjusunent of social relations. Complex emotions 
characteristic of adult Me arise at junctures in social plans, which often concem 
mutual goals and a mode1 of self. (Oatley and Johnson-Laird, 1987, p. 48; our 
itaLics) 

Recall also that the middle level in Buck's primes theory (1985) dealt mainly with the 

mechanisms for the outward expression of basic emotions. And clearly, this critenon is at 

the very core of such important theones of emotion as Tomkins's (1962, 1963, 19û4), 

b a n ' s  (1982, 1984, 1992a, 1992b, 1993, 1994) or Izard's (1971, 1977, 1992, 1994), 
especially if one concentrates upon the communicative hinctions of facial expressions. But 
perhaps one of the best insight into the powerfùi novelties of the emotional layer arises 

from MacLean's view (1993) of the evolutionary contributions associated with the 

thalamocingulate division of the Iimbic system: 

There are three cardinal forms of behavior that characterize the evolutionary 
transition from reptiles to mammals: (1) nursing. in conjunction with matemal 
care; (2) audiovocal communication for maintainhg matemal-offspnng contact; 
and (3) play. (MacLean. 1993, p. 74) 



Now. those improvements - especidy the fmt two - deal with the implementation of new 

communicative tools in che service of the affectional (Harlow and Harlow, 1965) or 

attachent system (Bowlby, 1969, 1973, 1980; Hadield and Rapson, 1993; Kraemer. 

1992; Reite and Field, 1985) that gets intricately woven between mother and child. To 
most researchers in the field of attachment, this phenomenon is best seen as one of 

psychobiological onunement (Field, 1985) whose function is to promote and regulate 

behaviorai synchrony between closely related organisms. This essentially provides for 

basic foundatiom on whichfinher mental capabilities c m  devebp. T~revarthen's analysis 

(1984; Trevarthen, Hubley and Sheeran. 1979) of mother-child interactions amply 

suggest that the ernotional system acts so as to punctuate the exchange and to 

progressively ascribe meaning and coherence to the infant's gross and uncoordinated 

reactions. Minsky (1985) also sees in the attachment process the foundations of a peculiar 
though poweiful learning mechanism: 

What is the function of childhood attachment? [...] even though there are many 
ways a child could l e m  about ordinary causes and effects, there is no way for a 
child to construct a coherent system of values - except by basing it upon some 
already existing mode1 [...] if tw wide a variety of adult models were available. it 
wouid be too hard to build a coherent personality of one's own [...] It would 
sirnpw the child's task if the attachment mechanism restricled attention to only a 
few role models. (Minsky, 1985, p. 176) 

Trevarthen (1984) contends that the newborn is already weli equipped for preferential 

responding to a variety of stimuli characteristically human, such as the protypical pattern 
of the face. the smile, the odor, the voicing, the gentle vocalizations, the rocking, the 

patting ... On the other hand, the parents' emotiond structure acts so as to tune their 

aüentional resoutces to the child's expression of needs and to induce some kind of locked- 
in reciprocal interactions (Lewis and Rosenblum. 1974). One interesting phenomenon 

akin to this attachment learning process is what has been called social referencing 

(Klinnert, Campos, Sorce, Emde and Svejda, 1983; Klimert, 1984; Sorce. Emde, 

Campos and Klinnes 1985): 

Social referencing concems the tendency of a person (...] to seek out emotional 
information from a signxcant other person in the environment and to use that 
information to make sense of an event that is othenvise ambiguous or beyond the 
person's own intrinsic appraisal capabilities. (Kiinnert at aL, 1983. pp. 63-64) 

As an illustration of the phenomenon. it is now well documented that, by the end of the 

frst year, the human infant who is faced with a new object will tend to look at his 



mother's expression as  if of guidance. A joyful or an intemted stance from the mother 

rowardc the object will genemlly indue  further approach and exploration, while an angry 

or fearful (or distressed or disgusted) face wu, to the contmy, result in hesitation, worry 
and withdrawal. Of particular interest is the fact that such referencing is not 

inconsiderately made use of, but mainly encountered in ambiguous and potentiaily 

threatening situations (Sorce et al., 1985). Such an observation is also congenial with 

attribution theory, according to which people achially start asking "why questions" when 

somethg  happens that could prove deaimental to goal aaainment (Weiner, 1982, 1985; 
Weiner and Graham, 1984; Woag and Weiner, 198 1). 

Interestingly, effects very similar to "social referencing' have even been recorded with 

lower species. It has k e n  demonstrated, for example, that young rhesus monkeys reared 

in captivity and which had not yet evidenced any fear of d e s ,  could acquire intense and 

persisting fear (over months) afer only n short exposure to their wild-reared parents 

behaving feduily in the presence of r d .  toy or mode1 snakes (Mineka, Davidson, Cook 
and Keir. 1984). In chimpanzees, it has been observed that the amount of interactions 

between juveniles and "aunts" (nonmother female aduits) was comlated with the degree 

of the associative relationship between the mother and these female "friends" (Evans and 

Tomasello, 1986). The phenomenon has b e n  compareci to social referencing, since these 

interactions are maidy initiated by the infants, who then have to infer from theû mothen' 

relationships with the other female adults which of hem they could securely rely upon. As 

another example. squirrel monkeys are known to have dflerent alarm calls: "aiarm peep" 
for bird predators and "yapping" for temstrial predators. Although the perception of both 
c a b  is innate, the appropriate repoose to yapping seems to riequire a visual object that has 
to be learned: "... when yapping was played back in connection with the presentation of a 
reference object, this object was strictly avoided, while an object presented with a conml 

tone was thoroughly explored" (Ploog, 1986, p. 181). 

Likewise, it seems that some birds, such as the European blackbird, leam "mobbing" 

(collective attack against predators) mainly from watching the etnotional reactions of 

conspecifics (Gould and Marier. 1987). In one typicd experiment, two groups of 

European blackbirds were placed in separate neighbouring cages, so that they could see 

each other, but so that each group would see a different third species. One group would 
see a stuffed owl, that typically elicits the rnobbing reactioa. while the second one wouid 

be s h o w  a stuffed honeycreeper, a totally harmiess species. The second group would 



watch the mobbing behavior of the first one for a moment and then start atmking and 

mobbing the inoffensive honeycreeper. This newly acquired aversion c o d d  then be 

passed back to the f ~ s t  group, if they were simply shown the same s M e d  honeycreeper, 
while witnessing the mobbing reaction in the second group. The response is so weii 

established that it gets passed on h m  generation to generation. the young leaming it by 
sim ply watc hing their parenu. 

Let us recall that MacLean (1993) also included play behavior as resulting from the 

apparition of the limbic structures. It is interesthg to notice here that play (especially 
"rough and tumble" play) is one of the most powerful elicitor of joy and laughter in 

children md of related expressions (e.g. the relared open-mou& display) in the youngs of 

higher primates as well (Van Hooff, 1972). But it is also believed that playing requires 

mastering rather subtle meracornmunicutive signals that the cunent behavior is not to be 
interpreted as it seerns, but instead as something else. Iike "mock-fightingn (Bateson, 

1955). WeIl. this clearly has to do with the intentional structure of the emotional layer. 

Play, in this particular sense, is a profound and powerful practising mechanism for the 

communication of intentions. It deals with conveying such messages as: "Even if 1 growl 

and uncover my fangs. you souldn't worry because I don? renlly mean if and I won't 

h a m  you". Finally, play is also a widely acknowledged means for the learning of 

complex motor skills, and of social skiiis as welL 

In diis section, we have argued for an approach very similar to the one used in Artikial 
Life, whereby one has to specify appropriate workable designs that could meet the 

requirements of adaptive and evolutive systems. This led us to recast the enduring 

problem of distinguishing between cognition and emotion, as one of capturing the 
comsponding behaviors in ternis of the worlOng of successive layers of design. We thus 
sought to iden* some of the fundamental pmperties which characterize the ernotional 

layer in such a way that it is revealed to be qualitatively different from the undemeath 

instinctive layer, but at the same time can provide for a usefûi intermediary step towards 

the deliberative layer laid on top. We then showed the emotional stnictures as king  semi- 
abstract, context-dependent, intentional and communicative.'Zhe design-oriented approach 

requires that we fùrther specify at least some of the machinery pertaining to the emotionai 

layer. Indeed, what processes should there be embodied so as to evidence the propedes 
we just mentioned? 'This is where the second controversy mentioned in the begùining of 
the article should be of help. It is likely that some of the basic emotions that have k e n  



h ypothesized in various theories codd provide good candidates for the inner building 

blocks that constitute the emotional layer. But since the controversy stil i  d e s  on. we have 
to grant that there remain many theo~tical difficulties with the proposal. This is what we 

are going u> examine more precisely within the next section. 

3.2.3. Basic emotions or components of appraisal? 

When Ortony and Turner's (1990) charge against the "basic emotions" concept came out 

in the Psycho[ogical Review, it created much tunoil withùi the community of emotion 
theorists. There soon was a special reply section with four articles in a subsequent edition 

of the journal (Ekman, 1992a; Izard, 1992; Panksepp, 1992; Turner and Ortony. 1992). 

and a whole issue of Cognition and Emotion was further devoted to the controversy 

(Camras. 1992; Davidson. 1992; Ekman. 1992b; Johnson-Laird and Oatley. 1992; Stein 
and Oatley, 1992; Stein and Trabasso. 1992; Wienbicka, 1992). As an additional 

consequence, Russell's (199 1 b, 199 lc, 1994) more recent challenge to the innate- 

universality hypothesis could probably be seen as M e r  npples propagating from the 
same original wave. Yef the intensity of the reaction was somewhat surprising, since 

there had been a related epistemological controversy that had endured for many years, 
opposing cotegorical and dimemional approaches to the definition of emotions. A few 

years before, Scherer had also raised a similar - although much less elaborated - criticism: 

Most discrete emotion theones (e.g., Izard, 1977; Plutchik. 1980) c m  be 
described as "palette thwries" which imply a blending of basic emotions iike that 
of a painter mixing basic colors on a palette. The alternative conceptuakation that 
I would advocate on the basis of the component process mode1 couid be calleci a 
"kaleidoscope theoryw: a unique mixture of color and light resuiting from the way 
in which the kaleidoscope pieces - the facets elements - fall or arrange themselves 
in a particular case. (Scherer. 1984. pp. 309-3 10) 

In addition. it should be mentioned that Ortony himseif (1987, pp. 290-291; Ortony et al., 

1988) had launched similar attacks on the concept of basic emotions before, without 

generating such passionate replies at the tirne. Ortony et al. (1988. pp. 25-29), for 

instance. had used quite andogous arguments. citing the very same table that was 

presented in rhe 1990 article as evidence of much disagreement among emotions theorists. 
about which candidate emotions should be considered to be basic. What is it then that 

created such tumoil? In the foliowing section we are going to examine in more detail the 

arguments invoked by Ortony and Turner. This will lead us to examine the set of - and 



cnteria for - Eely candidates to basicness. In consonance with the design-onented 

approach proposed in the preceding section, we will then consider which categorks of 

emotions could be envisioned as dynamically interconnected computational building 

blocks. To this end, we di try to understand how the opposing views of basic emotions 

theonsu and of appraisal theorists could conaibute complementary pieces to the overail 

design. 

3.2.3.1. Ortony and Turner's provocative stance 

ûrtony and Turner started their pleading by stresshg that there was not much agreement 

among theorists as t how many emotions were considered basic, and as to which ones 

were included in the critical set They looked at a sample of fourteen theories distributed 

across about a century of research on ernotions, and found the number of candidates 

proposed ranging between two and eleven. Note that they counted only SU for Frijda's 

choice, based on a personal communication, although in his well known book, he had 

actuaily advocated a much longer list of seventeen (Frijda, 1986, p. 88). Ortony and 

Turner also pointed to the variety of tenns chosen for depicting supposedly identical 

emotions, as in sadness k i n g  designated by sorrow, grief. distress or even panic 

(Panksepp. 1982). Although the apparent disagreement might eventually be reduced by 

regrouping terms according to their semantic similarity, the authors stiii questioned how it 

could be ascertaineci that different theorists do refer to the same emotion when using 
different words. They then raised doubts about the inclusion of such States as surprise or 

interest, that they would not themselves count as emotions, but rather a s  cognitive 

accompanimenu such as attention or cunosity. Their main criterion rests on their 

defmition of emotions a s  valeaced mctions, and they consider surprise and interest as 

inainsically unvalenced and as affkctively neuaal 

They go on to examine what they see as the three currently advocated rneanings of 

basicness: basic emotions as semantically primitive. basic emotions as biologically 

primitive, and basic emotions as psychologically primitive. The first viewpoin t has 
stimulated research (Clore et al., 1987; Conway and Bekerian, 1987; Fehr and Russell, 

1984; Shaver et ai., 1987; Storm and Storm, 1987). about the way ordinary people 

categorize emotion concepts and use them to label various items such as situations, 
stories, reactions of others, facial expressions ... Although ûrtony and Turner well 

recognize that informative taxonomie hierarchies could derive from cluster analysis of 



such data. they cal1 for great caution before one could irnply that words. issued from 

complex cultural transactions, do precisely refiect the actual nature of the underlying 

States, and that such basic-level concepts do refer to basic emotiow Such an inference 

would have to rest upon the assumption that discrete emotions are attributable to the 

operation of some innate neural substrate, which amounts to the second meaning of 
basicness, and still appears far fiom king obvious 

Aithough there had already ben  a few suggestive proposais about the putative circuitry 
underlying various emotiond be havion in the neurop h y siological litteranire (Gray, 1982, 

1990; LeDoux, 1989; Panksepp. 1982, 1986. 1989). Ortony and Turner prefer to see 

these as complex response systems, wherein discrete emotions do not appear well 

delineated, but rather invicately amalgamated. as in ~anksepp's joy-&ecmcy system, or 

in Gray'sfight-jiight system. They also allude to the fact bat. although certain emotions 

couid iikely be attnbuteù to lower animals, it would not be "equaüyn the case for every 

"basic" candidate. Fear. for instance. could certainly be traced much funher d o m  than 
joy within the evolutionary xde. and would. by the same token, appear "embiurassingly" 

more basic than joy. The authors then examine the major cross-cultural evidence on the 

facial expression of emotions (Danvin, 1872/1965; Elanan, 1973; Elmian and Fnesen. 
197 1, 1986; Ekman, Fnesen and Ellsworth, 1982a, 1982b; Izard, 1971, 1977), since the 

usuai interpretation is that there ought to be some innate underlying structure to account 

for such universality . 'Ibey oppose the view that what might be biologicully wired is not n 

weil-&j?ned package for each emotion, but rather components of them that could be 
shared by many different etnotional systems. As a matter of fact, another appraisd 
theorist Craig A. Smith (1989; see also Pope and Smith. 1994. and Scherer, 1986, 1992. 
for a similar analysis), had proposeci that some of the physiological responses in emotion 
could be mapped onto various dimensions of appraisal: 

[...] facial expressions are organized so that individual components coovey 
specific information about the person's emotionai state. such as how the person is 
appraising the situation [...] For instance, it is hypothesized that the eyebrow 
frown in expressions of anger. feu. sorrow. and reflection represents some 
appraisal propeq shared by those emotions. (Smith, 1989, p. 340) 

ûrtony and Turner likewise suggested that the various components observed in the 

prototypicai expression of anger. for instance. resulted from different aspects of the 

cognitive evaluations which lead to that ernotional experience. Hence, the fumowed brow 
would reflec t one's consciousness of king blocked in goal attainment The square mouth 



would manifest the inner tendency to aggress against the interferhg agent The subject's 

detemination to solve the problem by removing the obstacle would be expressed by the 

compression of the lips. Fmally, the raising of the upper eyelids would signal the attention 

devoted to the visual environment in the search for a solution. nie important point diough 

is that each component couid a h  be recruited as pan  of amther emotion. depending on 

the comespondtzg panid appraisaL 

The third rneaning of basicness that Ortony and Turner analysed, refers to the idea of 

certain emotions king regardeci as  psychologically primitive. According to them, such a 
position wodd imply that no basic emotion could have another one as its component, and 

that all cornplex emotioas should result from the blends of more basic ones. But there 

seems to be more and more evidence, from studies of emotional development (Sroufe, 

1979, 1984; see ais0 Camras, 1992; Lewis, 1993% 1995a, and Oster, Hegley and Nagel, 

1992, for more recent studies dong the very same h e ) ,  that discrete emotions themselves 

do not corne right from birth as functional and weU integrated wholes, but rather as 

undifferentiated reactions of comfort or discornfort, and that even such supposedly non- 

decomposable emotions as anger or fear have to be progressively differentiated h m  the 

apparently more basic reaction of distress. Here again, what Ortony and Turner propose 

as an alternative approach, is to envision the soa i i ed  basic emotions as made of still 
simpler components whose nature should reflect the underlying appraisal structure. To the 

physical metaphor of color blending advocated by some of the discrete emotion theorists, 
they opposed a chernical metaphor wherein the emotions are more or l e s  compared to 

molecules made of simpler emoriodess components: the limited set of possible appraisais. 

3.2.3.2. What is meant by "basic"? 

As rnentioned above, the various reactions to Ortony and Turner's position seemed 
disproportionate, considering al1 the underlying controversis that popdate the theoretical 

and empirical studies of emotions. One probable explmation for this was that the title of 

the article, as weI1 as the provocative tone of the arguments, were intently meant to 

challenge and trivialize the opponents' view, as when the authors hinted that suscribing to 

a basic emotions hypothesis wouid amount "to adhere to an unsubstantiated and probably 
unsubstantiatable d o p a  - an air, earth, fke, and water theory of emotion" (Ortony and 
Turner, p. 329). Furthemore, they were attacking no l e s  than some of the leading 
figures in the field, such as Plutchür, Tomkins, b a n ,  Izard and Panksepp. To achieve 



this, they amacted the reader's attention right from the beginning in a rather spectacular 
way - actually more consonant with journalistic strategy - by suggesting that the whole 
cornmunity of basic emo tions researchen was in total confusion as to their mutual field of 

interest. 

Just to show that such an argument is not that conclusive and could be interpreted in many 
different ways, we undertook a sirnilar exercise. We s t w d  from Oaony and Turner's 
own table, and combined it with a very similar one that had appeared in a paper by 
Kemper (1987) about identifying primary emotions. So that the table would not get too 
encumbered, we applied the following seleetive criteria Choosing Arnold's (1960) 

seminal contribution as a signzcant starting point, we oniy kept taxonomies that were 

published from 1960 on. Further, we excluded twofold classifications (e.g., pleasure vs 
unpleasure). since they represented a dimensional approach which appeared somewhat 
contradictory to the idea of i d e n t i f ' g  categories of emotions. Pehaps more arbitrarily. 
we also excluded one author with a psychoanalytic approach reported in Kemper's table, 
because the terms he  used, suc6 as tension or appetite. did not seem too consonant with 

the ones used by al1 the others, nor to reflect quite the same kind of mental States. We 

included Kemper's, since he subscribed to the concept of basic emotions, but not 
Ortony's, even though he had himself produced a list of "emotion types" (Ortony et ai., 
1988, pp. 15-25). since he chose to see them as deriving from the various components of 

appraisai. 

This selection pmcedure left us with a set of twenty theones that are listed in Table 3.1. 
As to the list of emotion ternis, we also applied a fütering scheme. We fmt grouped 
together terms that have u s d y  been considered as equivalent by most theorists. 
Contempt, guilt and desire stood done, without any synonym. There was only one other 
term, shown in parentheses here, that had b e n  associated with each oE anger (rage), 
disgust (aversion). shume (shyness) and hate (hatred). Terror and anxiety were both 
included with fear; c o ~ d e n c e ,  acceptance and a t tachent  with love; astonishment, 
arnazement and wonder with surprise; anticipation, curiosity and expectancy with interest 
The 1 s t  two, joy and s h e s s ,  were the ones that had the largest number of synonyms. 
The fmt was associated with happiness. enjoyment, elation and pleasure; the second one 
with sorrow, grief, distress. IoneIiness. resignation. dejection and panic (as in 

Panksepp's usage of the tenn). 
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We classïfied Frijda's "confidence" with love and attachment, since the associated action 

tendency was "king-with", aiming at contact and interaction (Frijda. 1986. p. 88). We 
also included Plutchik's "acceptance" with love. since it was explicitly associated by the 

author with such behaviorai accompanirnents as "grooming, sharing and pair bonding" 

(Plutchür, 1980. p. 154; 1984, p. 208). with the postulated effect of strengthening 

affiliation. Panksepp's "panic" was presented by himself as equivalent to "crying- 

sadness-sorrow-grief" (Panksepp, 1982. p. 452). We included Panksepp's "expectancy" 

both with joy and with interesf since the author associated curiosity and exploratory 

behavior with if but also a high level of pleasure, desire and excitement (Panksepp. 1982. 

1986. 1989). After having applied this classification scheme, aU idiosyncraiic tenns that 

were used by only one author were rejected from the table. Thus, only Osgood (1966) 

had referred to boredorn; only Fromme and O'Brien (1982) used satisfaction and shock; 

only Arnold (1960) included courage. hope and despair, only Malatesta and Haviland 
(1982) ernployed expression tems such as knitbrow and browflosh. Since we did not 

have access to Frijda's personal communication used in Ortony and Turner's table. we 
resorted to the longer list presented in his book (1986. p. 88). This author was also the 

only one to use indifference, excitement, arrogance, humility. effort, contentment and 
surrender (as evidenced in m g  or laughter). Finally, we completed the table when more 

ment publications authorized additionai entries. Thus we added confernpr to Elonan's List, 

due to his more recent claims in bis regard (Ekman and Friesen. 1986; Ekman and 
Heider, 1988). In a recent revision of theu theory, Oatley and Johnson-Laird (1996) also 

added haaed. attachment, parental love and sexual attraction to their original List of five 

(Johnson-Laird, 1988; Oatley, 1992; Oatley and Johnson-Laird, 19 87). So we inserted 
b e d  in the hare column and fitted the other three into a single h e  compound 

The overail r e s u l ~  seem fairly rneaningful to us. As to agreement, three clusters clearly 

corne out The emotions listed in the four leftmost columos - anger. fear, joy and sadness 
- receive a clear support from about 95% of the authors cited in the table. The emotions 

listed in the middle - disgust, interest, love and surprise - were only mentioned by some 

40% of the theorists. Fmaliy, the five rightmost ones - contempt, shame. guilt, hate and 
desire - obtain but a meagre 12% of the votes. One could s a  argue that our criteria might 

have biased the pattern of results. But recaii that Onony and Turner themselves chose to 
mort to a personal communication for Frijda's choice. although his published list was 

much more elaborated. and was supported by a lairly substantiated rationale. They also 

decided - quite surprisingly - to include taxonomies from theories that were more akin to 



the dimensional approach. And, at least in the case of Ekman, they chose not to include in 

their table (though they mentioned it in the text, p. 320) his most men t  k t  of emotion 

ternis, that had already been published at the t h e .  Our point then is t b a ~  spectacular as 
their starting argument might have appeared, it was far from king tembly conclusive! 

As a maner of fact, O ~ o n y  himself joined the consensus regarding the instances of 
emotions evidenced in the leftmost cluster of our table. referring, for example. to anger 
and fear as "unequivocal examples of emotions" (Ortony, 1987, p. 293). Another 

appraisd theorist, Klaus R Sherer, also refers to the emo tions from this cluster as "the 

four major fundamental emotion types" (Scherer, 1993, p. 343). Hence, there very likely 
existed some convincing criteria behind these categorizations, and we should now have a 
closer look at the arguments typically invoked to assess basicness. 

3.2.3.3. Arguments in favor of basicness 

Universalizy of expressions. Robably the strongest argument, and the most frequently 

mentioned, has to do with the cross-cuitrual universality of facial expressions associated 

with emotions (Ekman, 1973, 1982, 1994; Ekman and Friesen, 1971; Ekman et al., 
1982a, 1982b; Ekman, F-n, O'Suliivan, Chan, Diacoyanni-Tarlatzis, Heider, Krause, 
Lecomte, Pitcairn, Ricci-Bitti, Scherer, Tomita and Tzavaras, 1987; Izard, 197 1, 1977, 

1994). In the typical experiment, subjects are read a story implying some emotiond 
reaction on the part of the characters, and are then shown two or more photographs 

depicting various facial expressions. Generally those photographs have been obtahed by 

asking other people to pose for the likely emotion they t .  they wodd had felt, had the 

events reponed in the stories happened to them. The task is to associate the emotion 

presumably felt with one of the photographs. Crosscultural data corne from people of 

dBerent cultures (Western vs non-Western; Iiterate vs preliierate) having to associate the 

very same p hotographs with iden tical or simiiar emotion-evoking stories. Reciprocally , 
people might be asked to generate examples of events that would iike1y induce the same 

kind of expression. The usud pattern of results across replications is that recognition (or 
attribution) of happiness, sadness, anger, fear, disgust and surprise, occur with rather 

high signifcant accuracy. Happiness produces the greatest score, usuaiIy above 90%. and 

fear the ~ O W S ~ ,  sometimes under 60%. As to the high score of happiness, one should take 

into account that it happens to be, even crossculturaîly, the emotion for which there is the 

least effort to control (Scherer, Wallbot~ Matsumoto and Kudoh, 1988, p. 28; Scherer 



and Wallbott. 1994, p. 320). As another peculiar feature of the data. there are recuming 

patterns of erron. fear king most frequently confused with surprise. and disgust with 

anger, 

Etcoff and Magee (1992) devised a neat experiment to check whether subjects actuaily 

perceived facial expressions categorically. They created computer drawings from a 

standardized set of Ekman's photographs displaying happiness, sadness, anger, disgusî, 

fear, surprise, and neutral expressions. Using a special averaging algorithm, the computer 

program then generated, for various pairs of emotions. eleven faces, evenly spaced and 

going fkom one expression to the other. Subjects would then go through the series, in 

random order, and had to identify each expression by pressing one of two keys. The 

authon found that, "for each continuum except those involving surprise, [...] faces 

straddling a category boundary were distinguished more accurately than faces within a 
category" (Etcoff and Magee, 1992. p. 235). 

Ekman (1984, p. 332) had once hinted that emotiond expressions should involve various 

other signais. including the voice as weil as the face. While studying the vocal affst  
lexicon as it nonnally develops in chiidren, Malatesta (1981) compared it with 

vocalizations of infants from different languages, with the vocal behavior of chidren born 

to deaf parents, and with the evolution of primate vocalizatioa This led her to suggest diat 

there might be universal vocal signals, as is the case with facial expressions. Scherer and 

his coilaborators (Scherer, 1986; Pittam and Scherer, 1993; Scherer, Banse, Wallbott and 

Goldbeck, 1991) exarnhed the vocal cues used in motion encoding and decoding. They 

found recognition accuracy averaging 6096, with sadness and anger being best 

recognized, and disgust barely reaching chance leveL But cmss~ul tura i  research on vocal 

expressions of emotions is still to come. 

Universalig of antecedents. The ability to assign a recognizable expression to certain 

events also requires, as counterpart, some universdity in the antecedents of discrete 

emotions. In other words, the same patterns of events should cross-culturally evoke or 

trigger the same patterns of emotions, which would actuaily bear witness to their 

functional adaptive value. The typical data come from coding and abstracting a large 

corpus of stories (Eloucher, 1983) or of answers from widely distributed questionnaires 
(Scherer et al.. 1986; Scherer. 1988b; Shaver et al.. 1987). from ethnological 

observations (LU@ 1988) or from clinical intewiews with children (Stein et al., 1993). 



Again, for the srnall set of emotions usuaily considered, there is fairly large agreement 

about the eliciting situations: social gathering with friends or relatives, or the receipt of 

resources would likely induce joy; thwarting, goal fnistration or violation of cultural 

standards would lead to mger; uncertainty, threat or danger would elicit fear. and the loss 
of vaiued possessions, or of signifcant relationships, would induce scldness. 

Innute neural circuitry. Another frequently advocated argument in favor of discrete 

emotions c a s  for some innate neural circuitry underlying each category of emotional 

behavior. Panksepp (1982, 1986, 1989) proposed four such systems, respectively 

responsible for rage, fear, ppani c d  expectancy. Gray (1982, 1990) combinedfight and 
flight into one single system, and also proposed the approach system. associateci with 
positive emotions, and the behavioral inhibition system, responsible for anxiety. LeDoux 

(1989,1993) argued for the amygdala as the principal structure responsible for cornputhg 

the affective significance of the stimuli, especially in the case of fear conditioning. A 

related criterion from Ekmm (1977, 1992b) is that specific emotions are triggered by 

some wired-in automatic appraisal mechanism. Oatley and Johnson-Laird (1996; Oatley, 

1992, p. 50) also advocated the existence of a similar monitoring device that could 

evaluate events relevant to the current goals, and broadcast control signals to the 

appropriate emotional system whenever required. Even Ortony et al. (1988, p. 81). as we 

mentioned in the first section, proposed a similar "context-sensitive emotion-specific" 

thrisshold mechanism. 

Distinctive autanomic reactions. As an additional criterion, some distinctive autonomic 

reactions should presumably le& out from the action of those underlying neural systems. 

Cacioppo, Klein, Berntson and Haffield (1993) reviewed a dozen studies conducted 

between 1953 and 1992, aiming at establishing emotion-sWc ANS activity. and using 
fifteen different measures: bodily tension, systolic blood pressure, facial temperature, 
respiration, skin conductance level, cardiac stroke volume, skin conductance responses. 

peripheral resistance, cardiac output, fmger puise volume, pulse transit tirne, body 

movement, hart  rate, diastolic blood pressure. and fmger temperature . They conclude 

that: 

There is little evidence for replicable autonomic differences in pairwise 
comparisons of the emotions on the measures of bodily tension, systolic blood 
pressure, facial temperature, respiration, skin conductaace level, and cardiac 
stmke volume. [...] Too few data exist on several other measures [...] to permit 
us to draw strong conclusions, leaving only hean rate. diastolic bbod pressure, 



undfinger temperature to pense more closely. (Cacioppo et aL, 1993, p. 125; our 
italics) 

StiU, the effects did not seem that reliable for the Iast two: anger has indeed b e n  shown to 

induce a diastolic pressure signifcantly higher than in any other emotion, but in only 43% 

of the comparisons; anger has also k e n  significantly associated with higher fmger 
temperature than fear, but in o d y  36% of the comparisons. mis leaves heurt rate as the 
best discriminator of the emotiom. In that case, the pattern of data suggesu two distinct 

clusters: happiness, disgust and surprise, on one side, are ail associated with a lower rate 

than anger. fear and sadness, on the other side. No significant difference appears between 
candidates within each cluster, a result that is embamassingly more consonant with a 

dimettsional than with a mgon'cal approach' 

Phylogenetic continuity. Another argument in favor of basicness is phylogenetic 

continuity. It goes back at least to Darwin (18721965) and rests upon the existence of 
similar emotional reactions in nonhuman primates and even in lower mammals. Actually, 

most of the evidence about the neuml circuitry mentioned above already cornes from 
experiments with rats, cats and monkeys. There is also some evidence for similar facial 
expressions in other primates for fear, anger, joy and sadness (Chevalier-Skolnikoff, 

1973; Redican, 1982; Van Hooff, 1972). However, no counterparts to the surprise 

expression or to the disgust expression have yet been reported in monkeys, although 
Rozin. Haidt and McCauley (1993, p. 578) consider gaping in response to distastefui 

foods - which has been reportai in a varies, of lower mamrnals and even in some birds - 
as a precursor to the disgust expression. 

Ontogenetic primucy. A d a t e d  argument has to do with ontogenetic p h a c y .  hdeed, it 

has been thought for some tirne that discrete emotions emerged as struchved wholes right 
from birth, or soon thereafter according to some maturational tirnetable. For instance, in 
one experiment Emde (1984) had asked mothers about the age of fmt occurrence of their 
infant's emotions. Between the second and the fourth months, all mothers felt that interest 
(mean occurrence: 1,6 month) and joy (mean: 1,8) were present For anger, 86% reported 
it had appeared (mean: 1,s). 73% for surprise (mean: 1,7), 68% for fear (mean: 1,7), and 

62% for distress (mean: 0,9). But the picture has been a littie blurred since then, with 

necent research (Camras, 1992; Oster et al., 1992) revealing that even trained observers of 

chiIdrenls expressions produce biased judgements when required to fit observations into a 



priori coding formulas. As a matter of fact, when aven the opportunity. they rather judge 

expressions of negative affects as undinerentiated distress or as blends of several negative 

emotions (anger, sadness, disgust). 

Sti l l  there had k e n  fairly seductive evidenœ coming h m  observations of blind children 

(Charlesworth and Kreutzer, 1973, for a review), and even of deaf-and-blind-born 

children (Eibl-Eibesfeldt, 1973). who show recognizable expressions of specific emotions 

such as fear, anger. happiness. sadness. and even surprise. Interestuigly, akhough blind 

children could spontnneously express those affects, they had considerable difficulty, 
compared to sighted children, in acting out or posing volmtarily the corresponding 

expressions, without resorting to the imagination or recall of some e l i c i ~ g  events. In 

addition, facial activity increuses thmugh communication in sighted children while it 

decreuses with age in the blind from the seemingly inbm expressions. Such observations 

led the authois to the following conclusion: 

Taken as a totality, the data on the blind are heavily in favor of Darwin's 
hypothesis that spontaneous expressive behaviors in the blind (and in the sighted, 
too. for that matter) are not dependent upon vinial learning for their appearance 
and are, therefore, most probably a result of the operations of innate factors. 
(Charlesworth and Kreutzer, 1973. p. 157) 

Conclusions from matornical studies, electncal brain stimulation and brain lesions in 

various primate species (and even in lower marnais), likewise suggest that emotional 
vocal patterns are geneticaiiy determiml (Ploog. 1986). 

Characteristic phemmemlogicai tom- Finally, one las criterion of basicness happens to 
be one of îhe most p e w i v e  amibute of emotional stares, and probably the most elusive 
one as weil, that is, a characteristic phenomenological tone. Although such a criterion 

appears r a k r  dficult to defme "operationaily', Johnson-Laird and Oatley (1989) 
suggest an ioteresting if somewhat quesrionable way to capture its flavor. These authors 

see basic emotions as sem~t ica l ly  unannlysable primiaves, that one has to experience by 

oneseif as referents, in order to make sense of km: 

Basic emotion signals have no intemal smicttue tbat is parsed and interpreted 
within the system. Hence, it foilows from our theory that there is no way in which 
words that refer to the subjective experieaces correspondhg to these modes can be 
analyseci semantically: The modes are primitive subjective experiences that the 
words denote. They are, as philosophers Say, d y s a b l e  qualia. If you were 



"emotion-blind" and unable to experience emotions, then you would have no idea 
what it was like to feel, Say, sadness. (Johnson-Laird and Oatley. 1989, p. 90) 

This idea Ied to a simple linguistic test for the identification of e t i v e  words that would 

&note basic emotions. If these ones are indeed unanalysable primitives, then one only has 
to check for decomposability of the tem by using it to replace x in sentences such as: "1 

feel x but 1 dont know why". if the result h e s  nor make sense, as in "1 feel jeabus but 1 
don't know whyn, then x is decomposable, for it has an analysable propositional 

structure, in t e m s  of causes and effects. It could not then, according to the authors' 
theory, be taken as basic. 

We thus have a fair number of cnteria to identify potential candidates as pnrnary 

emotions. But this would not resolve the controversy, since Ortony and Tumer would 

accept most of the evidence afTorded, without stiIl k i n g  compelled to agree with the 

interpretation that cornes with i t  Certainly they disagreed with the linguistic criterion just 

mentioned (Ortony and Clore, 1989). arguing that this would reduce emotions to their 
"feelingn component, leaving aside the whole sequence that wodd nomaily include, as 

well, appraising the eliciting event and executing the corresponding action tendencies. 

They also refuted the argument about ontogeny with ment data suggesting that the so- 
called basic emotions do not appear in idancy  as weii organized wholes, but emerge 

progressively from undifferentiated (and hence presumably more basic) feelings of 

comfort or distress (see dso Camras, 1992, Oster et al., 1992, and Lewis, 1993a, 1995a, 
for further arguments and data dong this line). But ûrtony and Turner would readily 
accept most of the 0 t h  criteria. They do indeed recognize universality of expressions and 
of antecedents, they themselves stress the importance of automatic appraisal and favor a 
fuoctiond (g oal-orien ted) analysis of emo tions, they ackno wledge the neurological 

evidence conceming the underlying arcuitry and the autonomie activi ty... Their basic 
argument is that they do not segment reaüty at the level of emotional "entities", but one 
layer undemeath. at the level of appraisal cornponents: 

We take the impressive collection of evidence on the relation between facial 
expressions and emotions as indicating first that emotion expressions are built up 
by drawing on a repertoire of biologically determinec! components, and second 
that many emotions are often, but by no means dways, associated with the same 
h i t e d  subset of sucb components. ( k n y  and Turner, 1990, p. 321) 



Hence, the crux of the controversy between basic emotions theorists and appraisal 
theonsu resu essentially upon the units that are chosen to explain the phenomena of 
emotions: basic emotions as indivisible packages, or simpler compooents of appraisal that 
can be recomposai into many diverse emotions. 

3.4 How many emotions, then? 

One critical consequence of the appraisal view, is that "the stimulus or event evaiuation 
process can elicit as many different ernotional States as there are distuiguishable ouornes 
of the appraisal process" (Scherer, 1993, p. 329; see also Scherer, 1984, p. 311. and 
Scherer, 1988% p. 113). Averill would even contend that "there are an indefinite nomber 
of emotions" (Averill, 1980, p. 326). Table 3.2 seeks to establish correspondence among 
various lists that have b e n  analysed or proposed by current appraisal theorists. 
Surprisingly enough, the enurneration appears rather restrictive, and moreover, it presents 
saiking similarities with the "candidates to basicness" coilected in Table 3.1. 

We compared the most recent lists proposed by six leading (groups 00 appraisat tkorists 

(Ellsworth and Smith, 1988a. 1988b; Frijda, Kuipers and ter Schure, 1989; Laimus, 
199 la; Ortony et al.. 1988; Roseman. AWci Antoniou and Jose. 1996; Scherer, 1993). 
SirniIar terms fmm different theories (such as liking and love. or joy and happiness) were 

associated and aligned in the same row. Idiosyncratic terms employed by ody one 
researcher were rejected from the table. 

Parentheses amund an entry mean that this category has already been used within the 

column, but is still the label that would best correspond (accordhg to the author's explicit 
association) to the entries chosen as distinct by other theories in the same row. If an 
author made a distinction between two or more emotions that had been merged hto a 
single one by the others, this was si-ed by using "+" to job these different venions 
within the sarne ceil. Over ail. the only emotion terms that we did not include in our table 
for k ing  idiosyncratic were: "distnistn from Frijda et ai. (1989); "tranquility' and 

"interest" from Ellsworth and Smith (1 988% 1988b); "aesthetic emotions" from Lazams 
(199 la); "happy-for" and "gloating" from ORony et aL (1988). 



Table 3.2 
Lists of ernotlons proposed by representative appraisal theorists 

Frijdact aL Ellnvaih and Smith Lamuirr Scbaa Rodeman et a i  Ortoayct ai. 
(1989) (19881~. 198ûb) (1991.) (1993) (19%) (lm 

Apga 

Fright 

JOY 

! h k i s  

G Uilt 

Ri& 
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Hopt 

Rage + 
Irriîation 

Fear + 
-cry 

Joy + 
Hapri;rulac 

s&css+ 
b p M  

Guiit + 
Shame 

Ride 

Anga + 
Fruxdm 

Feat 

JOY 

S&iJlcss+ 
Distrtsr+ 
Fnisttarim 

Gttüt + 
Shamt + 
Res- 
Ride 

u 

HOQC 

EIhartû and Smith also -riduad Dirgusr. but chors to iiidu6e it as a variant d h g r r .  This kind of 
mtrging was encourilerad in ciiff'mt authar fa various cmotiori tuma Such acurraiccr wen tigniîïed in thc 
table thrwgh the use of W. but w a c  wt rAArd to tbt total in the rightmost cdnmn, sinœ it would have 
impliad owneiag catain emaioas (cg. anger) m m  than once 



We used the resulu presented by Frijda et al. (1989. pp. 22 1-222) as the starting point of 

our table, since their data offered the rare opportunity of relating the same affective terms 
to action readiness profiles as well as to apprakal profdes. Their cluster analysis revealed 
eleven groups of emotions according to appmisals. and also eleven groups according to 
action readiness, although there were slight Merences between the two sets. We used the 
following rules to decide that a group of ernotions €rom their data should enter our table as 
a single entry. Fit. emotions that appeared together as the intersection of two different 
clusten from Ihe two sets of profùes were considered as "reliable" and deserving an 
en try . Thus, [anriety, fear, stanled, dismut] ap peared together w i thin the app raisai 
profùes, while [amîety, fear, startled, jealousy, discrppointmend appeared as a cluster 

within the action readiness profiles. The f i t  three terms reappeared in both clusters. so 

we considered them as one valid entry which we 1abeUed "fear". The application of this 

d e  yielded seven additional entries labelled respectively as: anger, joy, sadness. pride. 
disgust, jealousy and boredom. 

Second, if one term had appeared within a cluster in one set of profiles, but was found 
alone in the other set, it was reunited with the original cluster. This happened, for 
example, with [regret, guilt, shame] found together within the appraisal profdes, while 

[shame J was separated from the fmt two tems within the other set of profdes. Rule two 
authorized gui14 hope and love as additional entries. We finally used a khd of transitivity 
d e :  [surprise, moved] ap peared wi thin the appraisal profdes, and ff~zscina ted, moved] 
appeared within the action readiness ones; on the other hand, fascinated was part of the 
joy cluster in the appraisai profües, while surprise was part of the joy cluster in the action 
readiness profiles. Hence we felt authorized to combine ail three ternis under the label 

"surprisen. Out of the 32 terms presenteà to the subjects, the o d y  one we rejected is 
distrust because it seemed l e s  stable, king associated with the fear cluster within the 
appraisal profiles. and with the disgust group within the other set of profdes. The 
application of our three d e s  left us with a set ef 12 emotions for that column. Resulu of 
the ciuster analysis performed on both sets of profiles in Frijda et a1.k study, suggest 
merging contempt and anger within a single cluster, but also (suangely enough!) relief 
and pride. 

We extracted the list for Ellsworth and Smith from two articles (Ellsworth and Smith, 
1988a 1988b) treating separately pleasant and unpleasant emotions. As mentioned above, 
we rejected tranquility and interest from their list for king too idiosyncratic. From the 



result of an earlier study (Smith and Ellsworth, 1985). these authoa had decided to merge 

both disgust and contempt with anger. They considered playfulness as  a separate emotion, 

but other authors, such as  Lazams (1991a, p. 269) had used it as an alternative term for 

happiness. Resignation was also treated as different, but it corresponded closely enough 

to what the others temed sadness. Although different tems had also b e n  used by other 

theorists as variants of sadness - such as despair. distress or disappointment - they did not 

correspond enough to each other so as to authorize the addition of special rows As an 

example, sadness was conirasted with resignation in that the former would serve "as an 
appeal for help" (Ellsworth and Smith. 1988a, p. 298) while the latter would lead to 

accept the unavoidable, without appeal. Roseman et aL (1996). on the other hand. would 

associate sadness with an appetitive appraisal (rewarding absent). while distress would be 
seen as resulting from an aversive one (punishment present). In their analysis of 
unpleasant emotions. Ellsworth and Smith (1988a) had initially included relief and 

boredom in their list, but they dropped them from consideration since the subjects in this 
study almost never reportai them. So we did not include relief in their kt, but we kept 

boredom which the authors had already analysed in a previous snidy (Smith and 

Ellsworth, 1985). In their analysis of pleasant emotions, they had also included initially 
fear. envy. relief and sympathy. They later dropped all four from consideration, the fmt  

two for cleary king unpleasant emotions, outside the main focus of the research, and the 

other two for king  significantly Iess predictable from the different appraisai dimensions 
than the other emotions. 

Lazanis (1991% chapters 6-7) proposed a set of twelve emotions, used the tem "fiight" 

for fear, and associated both contempt and hate with anger. He also used sympathy and 

pity as otber terms for the emotion that he called compassioa We excluded only "aesthetic 

emotions" h m  bis  set since he himself consi&d them to be pmblematic: 

No new or special emotion is implied in aesthetic emotions oher than traditional 
ones about whose causation and process we have aiready explore& Therefore. 
there is no standard or normative core r e l o t i o ~ l  theme for aesthetic emotions. 
because such a theme wouid depend on the panicular ernotion generaied By the 
same token. there is no common set of appraisal components or &n tendencies, 
because the emotions geneiated are diverse. (Latanis, 199 la, p. 294) 

Scherer explicitly proposeci two variants for each of anger, fear. sadness and joy, which 

he cailed the "four fundamental emotion types" (Scherer, 1993, p.343; see aiso Scherer, 

1986. pp. 147-148). So, for each of these four. we placed both variants within the same 



cell. As a matter of facf rage appears in the same cluster as anger in Frijda et al. (1989). 

and the term is also associated with irritation and anger by Lazarus (1991a) and by Onony 

et al. (1988). Fear is likewise lumped with anxiety. and joy is more or l e s  equated with 
happiness. in Frijda et al. (1989). in Lazans (1991a) and in Onony et aL(1988). Despair 
has also b e n  associateû with sadness by Lazarus, and with disappointment by ûrtony et 
al. (1988). Scherer also distinguished shame and guilt, while those two are seen as 
memben of the same cluster or as facets of the same emotion in Frijda et al. (1989). 
Ellsworth and Smith (1988a). Lazarus (1991a) and Ortony et al. (1988). Since these so- 
called "morai" or "self-conscious" emotions have been the focus of much attention 

recently (Tangney and Fischer, 1995). they wiil be anaiysed more thoroughly in a later 
section. 

AU seventeen emotions analysed by Roseman et al. (19%) have k e n  kept, although some 

combinations of them have been placed in the same ceil. Frustration lies somewhere 

between sadness and anger: it M e r s  from the former by the level of conîrol potential, and 

from the latter in king circumstance-caused mther than othercaused. As a matter of fact, 

frustration has b e n  associated with anger in Ellsworth and Smith (1 988a; see also Smith 
and Ellsworth. 1985, p. 833). and with disappointment in Onony et aL (1988. p. 122). i t  

might weli be that frustration corresponds to a kind of transition between these emotions, 

and could thus be perceived by subjects (and theorisîs!) as closer to one or the other 

depending on minute characteristics of the situation. Tomkins (1984. p. 169) 

hypotheskd that both sadness and anger could be causeci by a steady level of stimulation, 
anger resulting from the highest level. In that sense, a c o n ~ u e d ,  unrelieved level of 
stimulation leading to discornfort and distress could build up over t h e  and then cross the 

threshold for aoger, making of sadness an innate activator of anger. Aiso. when one looks 

at the developmental sequenœ, it is increasingly thought (Camras, 1992; Lemerise and 
Dodge. 1993; Oster and al.. 1992) that anger is preceded by undifferenciated distress that 

progessively tums into anger. In their anaiysis of childrents and adults' appraisal pmess 

underlying emotims, Stein and Trabasso (1992) found that anger and sadness, among 
negative emotions, shared the most common antecedents and wnsequences. Anger amse 

from focusing one's attention on the conditions or the agent responsible for the failure. 
while sadness resulted from focushg on the conrequences. RusseIl's review (1991~) of 
ethnological data reports that certain laquages (as Luganh Illongot and Ifaluk) do not 

even establish a distinction between anger and sadness. Considering di this. we did not 



provide a specitic entry for frustration, and made it appear with both anger and sadness in 
Roseman et a1.k column. 

W e  &O decided to pack into the same ceil, guilt, sharne and regref that Roseman et al. 
(1996) had distinguished. Tangney, Miller, Flicker and Barlow (1996) found their 

subjects typicaliy reporthg feelings of regret (and remorse) while experiencing guilt or 

shame. Resdts from the cluster analysis of Frijda et aL (1989) had also cornbined these 
three emotions. W e  have already mentioned that the f i  two, shame and guilt, have k e n  
fitted into the same cluster in Frijda et al. (1989), in EUsworth and Smith (1988a), in 
Lazarus (1991a), and in Ortony et al. (1988). As to regret, Roseman, Wiest and Swartz 

(1994). lookiog at the phenomenological aspects of various emotions, found that: 

In regret experiences, [...] subjects felt a sinking feeling, rhought about a lost 
opportunity and a mistake that they had made, felt liLe "kickingn themselves and 
correcthg their mistakes, acmally did sornething dinerentiy, and wanted to get a 
second chance ... (Roseman et aL, 1994. p. 213) 

This description shares with guüt feelings the idea of self-hatred, of wanting to undo 

one's action and to make up for one's misdeeds. One ciifference is that the focus is on self 

and mis-achievement in reg- while it is on the h m  suffered by others in guilt Another 

dinerence is that regret often results from inaction, while guilt resuits from wrongdoing. 

Yet, ihere seems to be a temporal pattern to this expenence: actual misdeeds produce more 

regret in the short term, but inactions generate more regret in the long term (Gilovich and 

Husted Medvec, 1995). On the other hand, there is also the intriguing fact that guilt 

feelings are often more intense following accidental hanndoing (McGraw, 1987). For 

Ortony and his CO-workers, "regret has to do with wishing that what was done had not 

been done, and is perhaps best considered as a Loss emotioa.." (OMny et ai., 1988, p. 
154). Hence, here again it depends on whether the focus is on the irremediable loss 

(sadness), or upon one's responsibility (guilt) or incapacity and unfimess (shame). 

Of aii the theorists considered, it is clearly with Ortony et al. (1988) that we had the most 

difficulty in trying to estabiish correspondence with the others: they proposed the largest 
number of ernotions, and they offered a fairly strong argumentation to sustain their 

choices. Yef as was convincingly argueci by Frijda (1993a) about the appraisal concept in 
general, it is not unlikely that some of the distinctions proposed correspond ro further 
cognitive elaboratîom as the emotioml e p i d  mfoldr. rather than to genuine appraisal 



actuuIIy required for the selection ofa partl'cular emotim The idea is that presumably such 
elaborations do not actudly make for different types of emotions, but rather e ~ c h  the 
content of a few candidates among them, by specifying contextual variations that color 

them in various tones and shades. Ortony et al. (1988) thus called disappointment the 

emotion of being "(displeased about) the disconfirmation of the prospect of a desirable 
event" (Ortony et al.. 1988, p. 122). But this is a clear instance of an irrevocable los, 

which is usuaUy considered as the hallmark of sadness. As a matter of fact, natudistic 
studies of disappointment situations suggest that both sadness and anger could be then 
experienced, and even CO-occur (Levine, 1996). If one thinks in tems of the evolutionary 
adaptive value of specifically registering such a situation, what is reaily added, in terms of 

functionai provision, by the fact that this particular loss happens to discodm some 
previous expectation? We certainly do not deny the richness of the very many cognitive 

elaborations that couid ensue. but we simply wonder whether these really belong to the 

kïnd of fast-reactive adaptive machinery that emotions seem io have been designed for. 

In consonance with these reflections, we dard recombine many of the pmposed types of 
emotions into fewer categories. Satisfaction, the emotion felt when someone is "(pleased 
about) the confinnation of the prospect of a desirable event" (Ortony et ai., 1988, p. 118), 
was combined with joy, as Ellsworth and Smith (1988b. p. 314) had likewise suggested. 
As mentioned above, we also combined the emotion that Ortony et al. (1988) labelled 
"disappointment" with distress, the generic term they used for sadness. Note that they 
used the term despair as another token for disappointment, just as  Scherer had used it as a 
variant of sadness. For simiiar reasons, we also included with distress the emotion they 
called "fears-confi?ned". 

The authors used shame as the label for guilty feelings, and we chose to include also with 
it the emotion they calied remorse, for which they offered "self-anger" as an alternative 
token (Ortony et al., 1988, p. 148). Our main reason for such merging, is that self-hatred 

for wrongdoing has frequently been associated with guilt through the psychological 
fiterature on emotion (Barre& 1995, p. 27; Frijda, 1993% p. 373; Roseman et al., 1994, 
p. 214). We also combined gratification with pride, since the fonner was associated with 
such tokens as "self-satisfaction" or "pleased-with oneself" (Ortony et al., 1988. p. 148). 
Fmally, we clustered admiration and gratitude together with love. a combination which is 

found as weii in Ellsworth and Smith (1988b. pp. 3 14-3 15). RecaU that for ûrtony et al. 
(1988). gratitude is already seen as a compound emotion resulting from the conjunction of 



the eliciting conditions for both of joy and admiration. Gratitude, on the other hand. is 

often associated wirh liking. According to Roseman et al. (1996), W g  is a positive 

emotion resulting from a pleasurable (Le. motive-consistent) event attributable to the 

action of another agent, which is also consonant with the defulltion of gratitude found in 
Weiner's attributional theory of motivation (Weiner, 1982. 1985). One should be 

remindecl as well that animal tamihg often seems to rest upon gratitude following rewards. 

Ortony et ai. (1988) used hate as equivdent to Roseman's dislike, and disgust as but 

another token for hate. They used reproach as the prototypical label for contempt, and 

resentment in place of what other theorists c d e d  jealousy. They also offered compassion 

and syrnpathy as other tokens for the emotion they had labelled pity. These authors 

refused to consider either surprise or interest as a valid instance of emotion, on the bais 
chat neither state happens to be valenced (i-e. neither positive, nor negative). As 

mentioned eariier. we fmally rejected from their set "happy-forn and "gloating". for king 
idios yncratic, emo tions that we would rather associate respectively with joy and sadness. 
Interestingly enough. recent crossculairal research suggests that such feelings as "happy- 
for" and "sorry-for", although they appear common for Westerners, are not even 
registered as distinct emotions in non-Western cultures such as the Japanese (Kitayama, 
Markus and Matsumoto. 1995. pp. 449-450). 

One conclusion to be drawn from our table. is that there are many divergent views among 

appraisal theonsts themselves, just as was the case among basic emotions theorists. But 

interestingly, there is also a core set of emotions which practicdy everyone seems to 

consider as more fundamental. not so far removed actually h m  those proposed by basic 

ernotions theorists. On heuristic grounds, we separated our table into two halva, with the 

candidate emotions for which there is almost perfèct agreement in the upper part. In a 
fonhcoming section, we wül provide funher arguments for redisvibuting many of the 

emotions from the bomm half (disgust, jealousy, relief, contempt, compassion, hate) into 

the upper one, or for bluntly etiminating others (surprise, boredom) as genuine emotions. 

But if there is so liale difference between the list of fundamental emotions proposed by 

appraisal theorists and the one proposed by basic emotions theonsts. one important 
question to elucidate is: what does the concept of appraisal encompass? 



3.2.3.5. What is meant by "appnisal"? 

A number of criticisms have been formulated recently about the concept of appraisal 
(Frijda, 1993a; Parkinson and Manstead 1992), pointing to the fact that the texm has b e n  

used in the Literature with two very different meanings. In one sense, it refers to the 

identification of the antece&m or the conditions of elicitation of an ernotional reaction, In 
another sense, it refers to the content of the emotional experience, and serves to 

characterize various contextual aspects of this experience as it develops over tirne. The 
problem then. is whether the dimensions that have b e n  postulated theoreticaily, and 

apparently supported empirically, redy have to do with the cognitive evaiuations required 
for an emotion to be triggered, or whether they correspond to further elabmations and 

inferences that are progressively füled in as the emotional experience unfolds. The 
distinction is crucial and b a r s  important consequences for both of the debates that we are 
c h h g  with in the p m n t  paper. I n d e  if the verbal reports used as proof that cognitive 

evaluation checks are required for emotion, correspond somewhat to cognitive 

accompaniments and reconstructions ofter the omet of the aKective reaction, it would 
mean that much les cognition entes  into emotion elicitation than contended by most 
appraisai theorists. 

A related problematic view holds that components of appraisal are the " basicn affective 

units, the combination of which will suffice to recompose, accordhg to a simple additive 

scheme, the various categories of emotions. Such a stance is held by Ortony and Turner 

(1990, pp. 321-324). and is also illusuated in statements such as the foilowing: 

niere is general agreement that the emotions, inciuding the "basic" emotions 
identifieci by categorical theorists. can be broken d o m  intû smaller components, 
and that many of these components comespond to cognitive appraisals [...] 
Cognitive appraisal theones propose that emotions are the resultants of a set of 
appraisals; w h a  we feel Ls some s m  of combination of uppraisals. (Ellsworth, 
1991, pp. 145,147; OLU italics) 

The problem with such mdical statements is that the featutes that are found useful to elicit 
different emotional responses are then identified with these responses thernselves. 

Computationdy speaking. it is as if the tests on which depends the activation of a 
procedure would be equated with the content and the structure of the procedure itself. It 
certainly is a risky daim! Parkinson and Manstead (1992) ais0 raised one important 
methodological problem: the typical experimental paradigm used to uncover the appraisal 



dimensions could bave induced in the subjects the tendency to think over and elaborate 
further upon the content of the emotional experience that they were invited to mail from 
their own memory, or to interpret from reading a prototypical scenario. 

As a way out of dus dilemma Frijjda (1993a) suggests that a clearer distinction be made 

between the conditions of elicitation and the content of the emotional experience itself, a 
proposal which entails at least two important theoretical consequences. Fist, the process 
of emotion elicitation might be much simpler than considered so far, and thus ~ s u l t  from 
rather elementary appraisal processes. presumably even of a prewired nature. This would 

explain for one thing how emotions could be triggered so rapidly in response to minute 

but significant changes in the environment Second. theorists wiii have to fil1 in the 

differential content of the experience that distinguishes the emotions. along formats that 

would account for the dynamics of the& unfolding, the regularities with which they 
manifest themselves amss individuals and cultures, and the capabilities that are evidenced 
for these processes to integrate past expenence and to be modulateci from memory 
materials. Fnjda's proposal thus helps to understand the respective focus of apptaisal 
versus basic emotions theories. The appraisal theones would strive to specîfjr the 

elicitation mechanism responsible for the activation of the appropriate emotional response 
along a series of critical dimensions. attuned to best capture a few recurrhg and vital 

universal antecedents. The basic emotion tbeories, on the other han& would contnbute to 
elucidate the content and the structure of the response tendencies encapsulated within a 
srnall set of well-deheated computational packages. carved and shaped through evolution 
so as to best face and handle the emergencies of life. 

In the attempt to fuüill such a role though, there have been some clear weaknesses on the 

part of basic emotions theories. One of these is their k ing often represented as "palette 
theories", through the use of the color circle metaphor (Fromrne and O'Brien. 1982; 
Plutchik, 1980. 1984). This idea originated from the work of Schlosberg (1941. 1952. 
1954) who had asked subjects to make similarity judgments of facial expressions, by 

placing photographs side by àde. The ordering that came out looked more ckular tban 
linear. with the expressions from both extremities k i n g  judged as presenting striling 
similarities. Cornparison with the "color circle" mode1 resulted in some far-fetched 
predictions. such as complex emotions emerging from the mix of basic ones. such as 
emotions opposite on the circle cancelling each other out, or such as distinct emotional 
tones king blumd with increase in intensity. Yet it did not make for much dynamism in 



the representation of mental States othenvise characterized by action tendencies. goal 

management and behavioral expressioa 

Another dinicuity cornes from the idea of conœptualizing basic emotions as unanalysable 
qualia (Johnson-Laird and Oadey, 1989, p. 90). that have no "propositional structure" 
and possibly then. no identifiable causes and no intentional objects. In a m e n t  revision of 

their theory (Oadey and Johnson-Laird, 1996). these authors introduced as an argument 

for such a conjecture some neurophysiologicai data according to which, during the aura of 
an epileptic seinire. patients fiequentiy experience feelings which "urefree-floating, being 
completely mttached to any partrrtrcular dring, situation or i&a" (Maclean, 1993, p. 79). 

Six different categories of affect have k e n  reported as king experienced under such 
circumstances: anger, fear, joy, sadness, desire and affection. Oatley and Johnson-Laird 
argue that those primitive emotions form the b a i s  of moods, which are considered as 
emotional States that could last for hours or days, and for which subjets are generally 
unaware of the cause that could have triggered it. But there is no strong experimental 
support for such an hypothesis. One piece of data cornes from studies on stmctured 
diaries of emotional episodes. in one study (Oatiey and Duncan, 1992), 18 out of the 285 
episodes recalled (6.3%) were classifed as seemingly not caused by anything in 
parùcular: five instances for happiness, three for sadness, one for anger, nine for fear, 
and none for disgust. In a second study (Oatley and Duncan, 1994), only 3 incidents out 
of 175 reported (1,7%) were thus categorized, ail of them bearing on the emotion of 

happiness. It c e d d y  is not terribly compelling! 

Another reason to doubt such an hypothesis, comes from experiments on electrical 
stimulation of specîfïc brain sites in different inammals (many detailed examples are 
reported in Frijda, 1986, pp. 381-386). The interesthg thing is that the emotional 
behaviors thus elicited are generally oriented towads - or searching for - an appropriate 
object Agressive reaction, for instance. wili be preferably directed towards a potential 
prey or toward conspedics lower in the hierarchy. Likewise, in experiments on aversive 

conditioning, attacks caused by the onset of a noxious stimulus are preferably directed 
towards a conspecific, then a stuffed animal or a contraspecifc. and if none of these is 
present, towards any unusual object that happas to be around, such as a rubber hose or a 
tennis ball (Hutchinson, 1972). Oatley himself reports studies on attentional bias in 

emotional disorders (Broadbent and Broadbent. 1988) according to which "anxious 
subjects deploy their attention towards Sgns of danger in the environment, and these tend 



to have the effect of maintaining a mood of fear" (Oatley. 1992, p. 65). As a matter of 

fact. in a recent revision of their theory, Oatiey and Johnson-Laird (1996). do recognize 

that disgust necessarily has an object and they add four more candidates to their original 
set of basic emotions: attachmenk hatred, parental love, and sexual attraction. The authors 

believe that these four, although considered as basic, could nevertheless only be 
experienced in relation to someone or something. 

AU this suggests that the process representurion of a given "basic emotion" incorporates 

slots for the most iikely objects and variables required for its execution. Such a view 
could perhaps be best accomodated by a whole body of research on the categorization of 
emotion concepts. Roponents of this approach have argued that emotion concepts should 

not be defmed in a classicai logical way by vimie of assessing necessary and srnicent 

conditions, but are best envisioned as prototypes with fuzzy boundaries and family 

ressemblance between category members (Clore and Ortony, 1991; Fehr et al., 1982; 
Fehr and Russell, 1984; Fwher, Shaver and Carnochan, 1990; Frijda, 1993a; Russell. 
1989, 1991a; Russell and Builock, 1986; Shaver et al., 1987). Shaver et al. (1987) for 

instance, had 100 subjects perform a similarity sorting task on 135 nouns depicting 

emotional States. For each subject, a 135x135 cmcurrence ma& was cons~cted, with 

c e k  reflecting pairs of words that had been associated in a pile; the matrices were then 
added across subjects. The cluster analysis came out with a three-layered hierarchy. The 
subordinate level consisted of about two dozen piles within which words were very 

suongly associated. For example, a typical pile included such terms as: adoration, 

affection, love, fondness Liking, attraction, caring, tendemess, compassion and 

sentimentality. ïhe middle level, which they cded baric leveI regrouped the bottom piles 

under five broader categories: lave, joy, anger, sadness and fear. Finally, two 
superordinate dimensions were obtained through further merging the basic ones with 
respect to their average distance. 

Such a classification scheme for the emotion fexicon might help reconcile the dimensional, 

the categorical and even the social constructionist views of emotions. The authors indeed 

hinted that the top level represented the most frequentiy evidenced dimension of valence 
(positive vs negative emotions). the middle level corresponded to the set of basic 

categories of emotions. And the bottom one refiected the larger variety of complex 

emotions resulting from ontogenetic development, cognitive elaboration and cultural 
comtruction C r o s s ~ u l ~  replication of their work (Shaver, Wu and Schwartz, 1992) 



suggested the inclusion of a sixth category, shame, found necessary to account for the 

Chinese data, and it seems, from recent developments in the study of selfconxious 

emotions (Tangney and Fischer, 1995). that some researchers have felt compelled to 

incorporate into the onginal set more of these "social" emotions as additional prototypes 
with basic level characteristics. According to this view. emotions would be best 

represented by genenc scripts specwg the kind of antecedents that would typically elicit 

them. the kind of responses (physiological. experiential. cognitive, expressive and 

behavioral) usuaiiy appropriate to cope with the situation. and a set of self-control or 

regulatory mechanisms. Table 3.3 illustrates a simplifed prototype for the emotion of 

hope (abstracted from Ellsworth and Smith. 1988b. pp. 328-329; Lazarus, 1991a. pp. 
282-287; Lyman and Waters. 1986, pp. 31-33; Ortony et al.. 1988, pp. 110-1 16). 

Table 3.3 
A simplified script for hope 

(Abstracted h m  Ellswortû snd Smith, 1988b; Lazaru~, 1991a; 
Lyman and Waters, 1986; Ortony, Clore and Collias, 1988) 

-- - 

Antecedents: 
expecting some hiture desirable (goal congruent) but uncertain event 

Response tenden cies: 
excitement, tension in the lungs, possibly even pain in the stomach 
yeaming for beüer, e n t e m g  faith 
signahg MLued expectations to cornmitteci others 
tryïng to dispel anxious thoughts and other negative tendencies 
recail of similar situations which issued in a beneficial outcorne 
tendency to approach, looking for solutions or ways out of danger 
persjsting in one's commined action, willuig to sustain effon and vigilance 

Seif regulatory procedures: 
aying not to be overly optimistic (so as to avoid disappointment) 
lookhg for facts or advice to help remain Ralistic 

Some researchers have already started to determine, from empincal data, how such 

prototypical ternplates shodd be f d e d  in for the emotions of anger, fear, joy, sadness, 

love, shame, guill pnde and embarrassrnent (Barre& 1995; Fischer and Tangney, 1995; 

Fischer et al.. 1990; Mascolo and Fischer, 1995; Parrot and Smith, 1991; Shaver et al., 
1987; Stein et ai., 1993; Tangney. 1995). These efforts cover seven of the eight emotions 

that fùl the upper half of Table 3.2. with hope only king left out (this is why we chose to 
illustrate this one as the example in our Table 3.3). It is interesting to note that similar 



structures have been offered by Ortony et al. (1988, chapters 5-8). speafying. for each of 
the 22 families of emotion that they consider: the type specification, some frequently 

encountered related tokens, the maIn variables afecting in temity, and some exumples. 
Likewise, Lazams (1991a chaptea 6-7) presented a similar description for the 12 

emotions which he achowledges, specifying for each of them: the core refizn'omI rheme, 

the appraisal pattern, the presumed action tendency, a set of oùier rerm used, the 

dynamics of typical episodes, and possible parhobgica l expression of the emotion The 

format of these specifications is quite similar to such strucnired representations as  frames 
(Minsky, 1975, 1985). scripts (Abelson. 198 1; Schank and Abelson, 1977) and schemata 

(Rumelhart, 1981) which have k e n  proposed as the b a i s  of some artificial intelligence 

systems, and they would certainly provide for the kind of procedural encapsdation that 

seems necessary in order to capture the very process nature of emotions. Not too 

surprisingly, most of the few existing cornputer simulations of emotions acaiaily represent 
them in similar frame-like or script-like formats (Dyer, 1987; EUiott, 1922; Frijda and 

Swagerman, 1987). Scherer's expert system was itself concepaialized around similar 

ideas, since prototypical emotions were represented as appraisal vectors. Guessing the 

subject's emotion was then computed by evaluating the relative similanty (Scherer, 1993, 

p. 334) between those idealized standards and the input vector obtained from the set of 

questions asked to the subject. 

3.2.4. Design for emotions: a proposal 

The task of a design-oriented approach is then to identify which types or families of 
emotions should be taken as required subprocesses of the ernotional layer postulami in the 

first section of the article. 

3.2.4.1. The computational building blocks of the ernotional layer 

Fear, anger, joy and sadness. It seems mandatory to include fear, anger, joy and 
sadness, that are recognized by most basic emotion theonsu (Table 3.1) and by most 

leading appraisal theorists as weiï (Table 3.2). As a matter of fact, among the 253 

episodes spontaneously generated by subjects using Scherer's expert system (Scherer. 
1993. pp. 342-343), 87.4% fell into the categones of emotions most closely 

corresponding to this set: griehdness. joyhappiness, fear/anxiety. ragdinitation. These 
four emotions also corne out as the basic organizing clusters in many category sorting 



tasks or semantic analyses of the emotion tenns (Fehr and Russell. 1984; Johnson-Laird 
and Oatley. 1989; Osgood, 1966; Russell and Bullock, 1986; Shaver et al.. 1987; Storm 
and Storm. 1987), words ceferring to them corne most frquently when subjects are asked 
to list emotion exemplars that readily come to mind (Fehr and Russell. 1984), and those 

words are aiso the among the fmt ones to be acquired by young children as emotion 
descriptors (Bretherton and Beeghley. 1982; Storm and Storm. 1987). Moreover, they are 
among the few emotions that spontaneously manifest themselves during the aura of the 

epileptic seizure (MacLean, 1993). and all four have received reasonable support as  king 
neurobiologicaliy grounded (Gray, 1982.1990; Panksepp. 1982. 1986. 1989). 

Pnde. Two additiomal emotions a h  appear as common to d the "appraisal-based" hts 
of Table 3.2: pnde and shamdguiit Although the fust one was not even included in the 
list of basic emotions in Table 3.1. and shame and guilt were only marginaUy considered, 
it seerns that ail three are receiving increasingly more attention as basic level categories of 
emotion uangney and Fischer, 1995) and. as mentioned above, prototypicd descriptions 
have already been set for them as well. We accept easily the emotion of pride as distinct 
and necessary, on the basis of specifc appraisal and functional specifcation. It foilows 
from a beneficial outcome that is attributable to the self. and is thus swifily appraised 
(Ellsworth and Smith, 1988b; Roseman et al., 1996; Weiner, 1982, 1985). 
Developrnental studies suggest that pride differentiates pmgressively from "joy about 
action-outcome contingency" to "joy about result caused by self" around 18 months, and 
is then typically manifesteci by "mastery smiles" (Max010 and Fischer. 1995; Stipek, 
1995). Although there does not seem to exist a specifc facial expression. it has been 
frequently suggestat that pnde is mainly conveyed by erectness of posture (presumably in 
lineage with primates' ways of asserting dominance) and by search for eye contact, in 
confirmation of others' praise (Darwin, 18731965, p.263; Weisfeld and Beresford, 
1982). Finally, Lazanis (199 la, pp. 27 1-274) points out that it serves a dual fonction by 
rewarding and promoting a sense of accomplishment and self-achievemenf but also in 
encouraging and highlighting adherence to social standards ( s e  also Barrett, 1995, pp. 

42-43, and Mascolo and Fischer, 1995, p. 66. for a similar view). 

Shnme d r  guilt. We have mentioned above that there is accumulating evidence and 

arguments for including moral emotions as well into the basic set For instance. Shaver et 
al. (1992). in a cross-cultural replication of their "prototype approachn to the analysis of 
emotion tenns, had to include sfiarne as a basic level emotion to account for the Chinese 



data There is also evidence, from developmentd data, that guilt about others' upset 

caused by seifs agressive action, or by sers negative statement, or by sers refusal to 

act positively. is more and more frequently observed in children between 18 and 24 

months (Mascolo and Fischer, 1995; Zahn-Waxler and Kochanska, 1990). As a matter of 

fact, Brethenon and Beeghly (1982) also found that, by 28 month, most children had 

already acquired emotion descripton for moral judgment (93% of the children observed, 

used positive words appropnately to connote correct behavior, and 87% of them used 
negative terrns adequately). Aithough there has been no specific facial expression 

consistently reported for shamelguilt, apart what is shared with other unhappiness 

emotions such as  disappointment and sadness, Ekman expects "that research on appraisai 

and physiology would show that they are distinct ernotions" (Ekman, 1993, p. 389). 

Panksepp also suggested that shame and guilt might "arise from higher evolutionary 

elaborations of separation-distress circuitry, perhaps within frontal-cingulate areas of the 

brain" (Panksepp, 1992, p. 556). FinaUy, there are some observations of primates and 

even of other rnarnrnals, suggesting at least some capacity for nacknowledgingn d e  

transgression, a recognition which typically leads to the expression of uneasiness and 

submissiveness. Volimer (1977) thus reported the story of a dog, Mango, who had 

developed the habit of shredding newspapers and magazines, who would be regularly 
scolded for it, and who would then submissively "act gudty" towards her master. Once. 

the owner did the shredding himself, whik the dog was absent When Mango came back, 
she acted uneasily and submissively at the sight of the mess, as  if she had done it herself! 

Frans de Waal (1996, p. 110) likewise reported that, in social primates, when subordhate 

males have succeeded in copulahg while the dominant male was out of sight, they would 

also "act guiltyn on the dominant's rem, showing more avoidance and submission than 
if they had not had the oppommity to "cheat" on their superior. 

Yet, we have reservations about considering embarrassment, regref remorse, guilt and 

shame as basically different h m  each other. We certainly do not want to ignore here 
genuine differences that have consistently emerged from the literature on shame and guilt 

(Brooke, 1985; Izard, 1977, chapters 15-16; Kelmer and Busweil, 1996; Lewis, 1993b. 

1995b; Lindsay-Ham, 1984; Tangney and Fischer, 1995; Wicker, Payne and Morgan, 

1983). For instance, it has been reliably found that shame wouid happen when the 

individual experienœs a failure in Living up to his or her standard, with the resulting effect 

of a breach to the person's global identity. The action tendency is thus usudy to hide 

from the othea. to try escaping from the humiliation or to bluntly deny the failure. Guilt 



on the other band is associateci with feeling responsible for having caused damage to 

(most typicaily, related) others. The resulting tendency is to excuse oneself. recogni~e 
responsibility and try make amend for the damage inflicted. 

So there are observable differences. It is nevertheless important to question whether they 

c d  for distinguishing two categories of emotions. relying upon WU different sets of 
urzderlying processes, or whether they could be envisioned as contexhial variants resulting 

in different sets of action tendencies as means of coping. In cornparison. it is well 

acknowledged that fear could activate different behavioral reactions: fleeing, expressing 
submission. hiding, fkezing. using threat expressions. fighting, calling for help ... These 
reactions are lücely to evidence fait rneasurable differences. phenomenologicaliy as  weU as 
physiologically, yet they will al1 be considered as enacting the same emotion, for the 

reason that they respond to the same pattern of appraisal (threat and danger) and WÏ the 

same adaptive function (security and protection). As a matïer of fact, Ellsworth and Smith 
(1988a). Lazanis (1991a) and Ortony et ai. (1988) aU considered guilt and shame as 

variants of the same emotion, the last two researchen including em barrassrnent as weU in 
the same cluster. Subjects fmm Frijda et al. (1989) regrouped shame, guilt and regret in 

the same cluster in the appraisal prof&. but separated shame from the other two in the 

action readiness profiles, for the specitic reason that the latter motivated hiding the self. 

Scherer (1993) integrated embarrassrnent with shame. but distinguished them from guilt 
Considering that an "open" evduation check means that the corresponding appmisal is not 

discriminatory, there is not much difference between the two emotions: the concem 

relevance bears on self in shame, but on the relationship with others in guiit; and the 
urgency for goal sigmcance is slightly higher in shame. In Roseman et aL (1996). the 

only appmisal that seemed to make a dinefence between the two emotions was related to 
what they calIed charucterological versrcs non-churucterologicnl probkm source: subjects 
felt shame when it was the whok nature of someone bat had been revealed as inadequate, 
while they felt guilt when it was only a specific negative event that had been caused. 

Although Wicker et al. (1983) reported ~ i g ~ c a n i  differences in the ratings of recalled 

expenences of shame and guilt, "in only 6 of the 68 cornparisons in two studies were the 

two emotions significantiy different at p < -05 and on the opposite sides of the neutrai 
point In the majority of cases the difference was one of degree bu.t not direction" (Wicker 
et ai.. 1983, p. 38). 



Our main arguments though, for cornpressing shame and guilt into the same emotion type, 

corne from develo pmental data, assessrnent of individ ual differences and crosscul tural 
research. Observations of toddlers thus reveal that, when confronted with an undesirable 
outcome for which they could be held responsible, such as accidently breaking someone 

else's toy, some chiidren will tend to show a shame-relevant pattern of response, while 

other ones wül rather show a guilt-relevant pattern (Barrett, 1995; Barrett, Zahn-Waxler 

and Cole, 1993). n i e  different behavioral attitudes appeared consistent enough, king 
observed as well at home, so that the former have been called "avoiders" and the latter, 

"amenders". These individual differences also tend to carry over Me, and b a r  important 

consequences on the individuals' adaptiveness to stressful situations of social 

transgressions and faiiure of Living up to moral standards. Shame-onented behavior is 

seen as more detrimentai and less adaptive than guilt, since it is based on avoidance or 

denial, instead of takuig responsibility for the transgression and constnictively trying to 

fmd a way out. Different measurernent scales have even been developed to assess such 

shame-proneness or guilt-proneness (Tangney, 1990, 1991; Tangney, Burggraf and 

Wagner, 1995). Finally, Walibott and Scherer (1995) have conducted crosscultural 
research to relate differences in experiencing shame and guilt to certain cultural 

characteristics, such as: the reaction to the distribution of social power, the capacity to 

tolerate uncertainty; the tendency towards individualism versus collectivism; the tendency 

to value money and achievement versus quality of Me and relationships. As an indication, 

Yugoslavia and Mexico would score high on coilectivism, power distance, and 

uncertainty avoidance. while Sweden and New Zealand would score low on the same 

dimensions. The authors contend to have "dernonstrated that some of the differences 

between shame and gudt experiences are related to culnual value dimensions" (Wallboa 

and Scherer, 1995, p.483): 

To sum up, it seems that "typical" shame experiences [...] are typical of 
collectivistic, high-power-distance, and high-uncenainty-avoidance cultures, 
whereas shame experiences in individudistic, low-power-distance, and low- 
uncertainty-avoidance cultures m e m  bIe the " typical" guilt pattern to a large 
degree. (Wallbon and Scherer, 1995, p. 481) 

AU this points towards shame and guiit king indeed variann of dte same cure processes, 
whose basic function is to regulate social interaction and to prevent deviant behavior. 
There is thus convincing evidence that, through socialization, these processes are 
ontogenetically and culturally attuned to the particular settings of social des,  conventions 

and standards that one is iikely to be confronted with. In our opinion, the same would 



hold for other variants such as embarrassment, shyness, regret, or remorse. Thus, 

although Parrot and Smith (1991) abstracted from data a prototype for ernbarrassrnent. 

they also mention that, to be complete, part of the script also had to contain elements 

vadi tionally associated with shame. Lewis ( 1995b) distinguishes two types of 
embarrassment: embarrassment elicited by self-exposure, and embarrassrnent associatecf 
with self evaiuation, and considers the latter as "a less intense fonn of shame" (Lewis, 
1995b, pp. 21 1,215). Tangney et ai. (1996) recentiy offered evidence that shame. guilt 
and embarrassment could be reliably disthguished on the basis of phenomenological 

feanires and motivation for subsequent action. Yet, they found the eiicitation structure of 

all t h e  etnotions remarkably similar they a l l  occur predominantly in social contexts, 

most likely in the presence of people with whom one is weU acquainteci, and a l l  three arise 
from personal fadures or social transgressions that involve selfevaluation Shame and 

guilt share the feelings of responsibility, regret and desires to make arnends. Shame and 
ernbanassment share the feeling of wanting to hide and reduce selfexposure, and both are 
accompanied by such physiological changes as blushing and increased hem rate. The 
authors concluded from these fmdings that all three emotions should probably be best 

considered as members of a common emotion family, with shame bang "a more primitive 

emotion that served adaptive hinctions especially at earlier stages of development [...] 

before the cognitive capacity to experience the more differentiated feeling of g d t  

developsn (Tangney et al.. 1996. p. 1267). Finally, many shame-prone cultures, such as 
the Newars of Nepal, the Indonesians, the Japanese, the I fa lukia~~,  and the Tahitians, do 

not even make a lexical distinction between the two emotions (RusseU. 199 1, p. 430). 

Love. Aithough most appraisal theorists recognized love or Liking as an important 

emotion, we can see £Yom Table 3.1 that, surprisingly, it has not been retained as a 
candidate by most leading basic emotions theorists, such as TomLios, Izard, Ekman, 
Oatley and Johnson-Laird (in the f i t  version of their dieory), and Paoksepp (although he 

has suggested recently that the oxyticin circuitry would constitute a much likely basis for 

the mediation of numtrant behaviors and materna1 intent: Panksepp, 1989. p. 66; 

Panksepp. 1991, p. 88; Panksepp. 1992, p. 555). S M ,  when Fehr and Russell (1984) 

asked for a one-minute free listing of exemplan of emotions, love came in fouah 
position. with 124 subjects out of 200 mentiming it (compared to 96 for fear). Likewise 
Shaver et al. (1987) coiïected prototypicality ratings on a List of 213 emotion words, nsing 
a Cpoint scale, where 4 meant "1 def~t ive ly  would cail this an emotionw. Love came out 
as the big winner with a rating of 3.94. It also fomed a d e f ~ t e  cluster in Storm and 



Storm's (1987) study of the vocabulary of emotions. Bretherton and Beeghley (1982) 
reported it as one of the emotion names most frequently used by 28-month-olds. On the 
other hand, attachement behavior has been extensively studied by ethologists (Harlow and 

Harlow, 1965), by psychobiologists (Field, 1985; Kraemer, 1992; Reite and Field, 1985) 
and by developmental psychologists (Ainsworth, 1989; Bowlby, 1969, 1973, 1980) who 

a i i  considered it as an essential comerstone of further adaptive development. It is now 
beiieved to be grounded on a special neural circuitry, with, for instance, the oxytocin 
neuropeptide playing a facilitating role in the activation of matemal behavior and 
grooming, in the reduction of separation distress, and in promoting nurtuxant feelings of 
acceptance and social bonding (Insel, 1992; Panksepp, 1989, 1993; Pedersen, Ascher, 
Monroe and Prange, 1982; Reite and Field, 1985). Also recaU MacLean's view (1993) 
that the onset of a t tachent  behavior in phylogeny is likely attributable to the apparition 
and development of the limbic systern. Moreover, there seem to be premilinary fmdùigs 
that people can indeed "distinguish facial expressions of love from expressions of joy, 
sadness, fear, and anger" (reported in Hadield and Rapson, 1993, p. 601). Recendy, 
Baumeister and Leary (1995) made a convincing claim that anachment, or "the need to 
belong", sould be considered a fundamental motivation. From an extensive survey of the 
literature, they argued bat: people are eager to form social attachrnents and reluctant to 
break these bonds; a large part of cognitive and emotional processing has to do with 
interpersonal relationships; breaking of affectional bonds and deprivation of 
belongingness lead to various behavioral problems and pathologies; this need gets quickly 
satiated beyond a haoc i f '  of caring and wlling relationships, but when a major bond is 
broken, substitution helps to recover and is generally looked for; the neai to belong 
appears as a universal motivation, innately grounded in the smcaue of the human braia 
Fially, in a ment revision of their theory, Oatley and Johnson-Laird (1996) decided to 
add no less than three forms of attachement to their own k t  of basic emotions: 
attachment, parental love and semai anraction. AU those arguments incite us to also 
include in our basic set some emotion ~~~~~g to lovdattachment, pertiaps though in the 

much simpler f o m s  of Wang (Roseman et al., 1996) or gratitude (Ortony et aL, 1988; 
Weiner, 1982, 1985). We would also include &sire, which appears marginslly in Table 
3.1. in the same cluster. This is indeed the way it is classifed in Shaver et aL (1987) and 

in Stonn and Storm (1987). Desire is associated with the passion component in 
Sternberg's trianguiar theory of love (Sernberg. 1986), the other two components king  
intimacy and cornmitment Withh Hadield's cl&cation of love into passion- love and 



the companionate love, desire is seen as an important component of passionate love 

(Hattield and Rapson, 1993). 

Hope. Although five out of six among the appraisal theories represented in Table 3.2 

include hope in their representative set, it is probably the emotion that has been the l a s  

studied, so linle in fact that L a z m  (199 la) has even classified it as a problematic 

emotioa Yet, most appraisal theorists comctly predicted that subjects would regularly 

experience it when appraising uncertain positive outcornes, and although relevant Literature 

on the subject is stül scarce, Table 3.3 illustrates that a plausible script codd nevertheles 

be sketched fkom the existing data Scherer (1993) is the only one not to Uiclude hope in 

his set of emotions. But perhaps should we notice that this author does not include 
"certainty/uncenauity" in his Iist of evaluation checks, an appraisal which appears critical 

for hope. as well as for fear. Now it aiso happens that Sherer's expert system obtained 

"abnormally low accuracy percentages for anxiety and fear" (Scherer, 1993. p. 347). a 
result that led the author to think of adding the dimension of uncertahty to his own List of 
appraisals in the future. Findy, a rather compelling aigument for considering hope as  a 
hindamentai emotion. is that its action readiness of anticipatory excitement is p r e q  
consonant with the behavior h t  Panksepp (1982, 1986,1989. 1991) attributes to what 
he calls the "foraging/expectancy system" : 

When an animal is expecrùlg positive rewards, it often literally bounds around 
with excitement, which appears to be a highly energized form of investigatory 
curiosity. [...] The behaviors are apparently designed to seek and anticipate 
forthcoming evem so that the animai can optimiZe its opportunities to interact with 
desired abjects. (Panksepp, 199 1, pp. 83.85; our italics) 

The function thus ascnbed to the expectancy system. although simpler, bears sviking 
similariries with the ones that Lazanis (1991a. p. 283-285) associates with hop ,  of bang 

a 'sustainer of coping". which helps the individuai to dispell negative emotional 

tendencies, and to stick to one's cornmitments, in spite of the adversity. 

3.2.4.2. Synonyms, CO-occuring emotions, and non-emotions 

For a i l  the above reasons, we feel it is reasonable. if not mandatory, to set our choiœ for 
the computational building blocks of the emotional layer on the eight emotions that appear 

in the upper half of Table 3.2. In a later section. we will sketch a fairly simple s m c m  of 

appraisal to account for their elicitation By "simple" here. we mean easily tractable, with 



low computational cost and fast-operating mechanisms. As for the emotions from the 

bottom half, we have substantial reasons. either for considering them as closely related to 

certain of ou .  candidates, or for rejecting them. 

Disgust, contempt and hate. We have mentioned earlier that confusions between anger 
and disgust had been a recurrent pattern in the litterature on cmss-cultural recognition of 
facial expressions (Ekman and Friesen. 1971; Ekman et al., 1987). Darwin thought that 

"contempt hardly differs from disgust" (Darwin (1 872/196S, p. 253), with both emotions 
being often expressed by spitting. Oatley and Johnson-Laird (1990) felt that their 
treatment of disgust was less satisfactory than that for the other basic emotions, and 
mentioned that when people experience disgust toward a person, "the emotion is 
described as contempt, dixlain. or haeedn (Oatley. 1992. p. 60). Izard (1977, chapter 13) 

also considered anger-disgust-contempt as intimately relatai, forming what he cded the 

"hostilîty triad". Of the three, contempt was seen as the most subtie and the wldest It is 
interesting to note that Schererts mode1 (1993, Table 3.2) also presents woternpt and 
"cold anger" as very closely relateci. hdeed, if one consi&rs that the "open" value on one 

dimension of appraisal renders it non-discriminatory, then the difference between 

contempt and "cold angeru is that the former rates "very lown instead of low on the 
compatibility standards, low instead of medium on the urgency and the power checks, and 
high instead of "very high" on the outcome probability. In other words, contempt scores 
as a milder form of cold anger. Among the 253 episodes generated by abjects  using the 

expert system (Scherer, 1993, pp. 342-343). there were ody three episodes (1.2%) of 

contempt 

Subjects in Frijda et aL (1989) closely aSSOciated disgust with anger and contempt in the 

appraisal profües. Ellsworth and Smith (1988b) associated both disgust and conternpt 
with anger, Lazarus (1991a) considered disgust as a distinct emotion. but listed both 
contempt and hate as other terms for anger, and Onony et al (1988) used disgust as a 
variant token for hate. Roseman often mentioned difficulties in incorporating disgust 

nicely within his appraisal structure, wondering for example whether it should be 
identined as a variant of distress (Roseman, 1984, p. 30; Roseman et al., 1994, p. 21 1). 
In the latest version of his theory, he proposed the dimension of "characterological versus 
non-characterological" to capture whether it is the basic nature (global character) of 
someone or something that is of concern or only a s-c aspect or action. This new 
dimension would pennit the distinction respectively between fiutration. anger and guilt 



(non-characterologicd) on one side. and disgust, contempt and shame (charactemlogicd). 

on the other side. 

Disgust does not come out very strongly either in studies bearing on spoataneous 

categorization of emotion concepts (e.g., only 27 out 200 subjects freely mentioned it as 
an exemplar of emotion in Fehr and Russell, 1984). and when it does show up, it is 
usuaily tightiy clustered with anger (Russell and Builock, 1986, pp. 319-320), but dso 

with hate and contempt (Shaver et al.. 1987. p. 1069; Strong and Strong. 1987. p. 81 1). 
Moreover, as reviewed in Russell (199 lc), there are no words for disgust in languages 
Like Polish or Chewong (Malaysia). and it is not disthguished from hate in Samoan, or 

h m  anger in Ifalukian (Polynesia). Frornme and O'Brien (1982) rather ansider it as an 
action pattern associated with drive arousal (hunger or elimination), Kemper (1987) as a 
mere intensifying transition to a successor emotion, and Panksepp (1982) as of reflexive 

nature, like the stade reaction. And no recognizable similarities have been reported in 

monkeys (Chevalier-Skolnikoff. 1973, p. 82; Redican, 1982. p. 265). 

Although Rozin and his coworkers (Rozïn and Failon. 1987; ROM et aL. 1993) strongly 

argued for its basicness, we still feel uneasy about the fact that they curnuiated evidence 
while oscillating between two very different kinds of reactions: disgust as a category of 

food rejection (Le. distaste), and disgust as a morai emotion. It is indeed far h m  obvious 

that one's physical reaction to the smeli of puaid meat could reasonably be put in the same 

behavioral category as the reaction to the perspective of wearing Hitler' sweater! On the 

other hand. the authors also acknowledge the intimate dation between disgust, anger, 

and contempt: 

W e  think of these three as formiog a continuum of morai response. [,] as disgust 
becomes elaborated, it becomes a more generai feeling of revulsion, even to 
sociomod violations, and it begins to shade into mger. We propose tbat contempt 
is the middie ground betweea anger and disgust (Rozin et aL, 1993. p. 588; our 
itdcs). 

As a matter of fact, in a recent investigation of the facial expressions of disgust, Rozin, 
Lowery and Ebert (1994) found that the cluster of expressions denoting 'elabotated" (or 
morai) disgust, was predominantly associated with upper lip rezranion, "an action that has 
more of an anger-offense connotation than a "rid-it-of-the-mouthn function" (RoPn et al., 

1994. p. 876). It happens that this expression was also, in al1 three experiments which 
they conducted the predominaot response for anger. contempt and rights violatio~ In 



addition, this second fonn of disgust that Rozin and his coworkers see a s  a "moral 
emotion". seems to require much cognitive sophistication and elaboration, and for that 
matter, does not achieve its adult-like fonn until about 7 or 8 years of age (Rolin and 

Failon. 1987, pp. 34-35; Rozin et al.. 1993, p. 583). This makes it better fit the kind of 

complex affectivecognitive structures that Izard (1993) taiks about For all these reasons, 
we decided to stick with anger. and not to include disgust, contempt or hate as additional 
building blocks of our postulated emotional layer. 

Jealousy and comparsio~~ Jeaiousy ako raises pmblems as to whether it is fundamental 

enough to occupy our layer. It was not even mentioned in Table 3.1 but, in Table 3.2, it 

appeared in three different columns. In category sorting tasks or in semantic analysis of 
the emotion terrns, jedousy is most frequently associated with the angerlhatred cluster 
(Shaver et al., 1987; Storm and Storm. 1987). But the category to which jealousy is b a t  

related happens to show much variabiiity. Subjects in Frijda et al. (1989) associated it 
with sadness in the appraisal profdes, but with fear in the action readiness ones. Lazams 
identifes anger as "the most prominent action tendency in jealousy" (Lazam, 1991a p. 
257). and one of its hallmarks. Yet, his analysis shows that this emotion basically relies 
on a threat of loss of an attachrnent figure (a point also made by Frijda 1993a p. 376). so 

love and fear are aiso implied. On the other hand, if the loss seems inemediable, then a 
devastating sadness akin to grief is elicited. And as there is usually a threat to, or a loss 
of, self-esteem. then humiliation, embarrassrnent and shame often corne out as  additional 
component feelings. AU these emotions have k e n  recurrently found to intervene in the 
whole process (see for instance Salovey and Rodin, 1986). Bryson's (199 1) analysis of 
the answers to a jealousy questionnaire by coliege students, fouod, among the 

constituents of the jealousy responses, the following factors: emotional devastation and 
need for social support; aager, confrontation and reactive retribution; intropunitiveness. 
Mathes. Adams and Davies (1985) investigated the emotions that are differentiaily 
experienced as the result off O ciifTetent kinds of loss that White (1981) had postulated in 
his theory of romantic jealousy: loss of relationship rewards, and 10% of self-esteem. 
They found that the first one ~ e ~ u i t s  in depression. while the second one causes anxiety 
and anger. 

Some researchers have proposeci to conceptualize jealousy as a mixture or a compound of 
simpler "basic emotions". Johnson-Laird and Oatley, for example, wouid define it as 
"haned for sorneoae who is evaluated as supplanting oneself in relation to an attached 



person" (Johnson-Laird and Oatley , 1989, p. 1 16). In the version of their theory, the 

italicized terms wodd have to be fùrther expanded, haned to intense &gurt, and a~tached 
to love, which in turn was defmed as experiencing intense happiness in relation to another 
person. in the recent revision (Oatley and Johnson-Laird, 1996), the whole defuition gets 

simpler, since the authors added hamd and love as new primitives in their basic set. In 
my case, jedousy requires the interaction of both of disgustmatd and of lovdattachment 
to occur. Sharpsteen (1991) has recentiy proposed that romantic jealousy be 

conceptualized as a blenâed emotion, with a prototypical representation corr~ponding to 

some mixture of the respective prototypes of anger. fear and sadness. One reservation 

with such a proposal is that it is not clear what computational gain such an extra 
representation would insure over the already existing th= prototypes for handling what 

happew in the typical jealousy situation. If the components of the jealousy script are ail 

strictiy borrowed h m  the anger, fear and sadness prototypes, then what is added? One 
might even argue that such redundant representation would reduce the versatility of the 

person to cope with situations that could take rather different forrns across individa& net 

to imagine across cultures. It has been shown that two or more emotions often c o - 0 ~ ~ ~  

within the same situation, and that they even sornetirnes switch fmm one to the other as 
the episode unfolds The bat  documented (most frequently encountered?) cases happen to 
be ail pair-wise combinations of anger, fear, and sadness (anger+sadness: Oatiey and 

Duncan, 1994. p. 376; Scherer and Tannenbaum, 1986, p. 305; Stein and Trabasso, 
1992, p. 229-23 1; Tomkins, 1984, p. 169; anger+fear: Archer, 1976; Oatley and Duncan, 
1994. p. 376; Panksepp, 1989, p. 63; fear+sadness: Elsworth and Smith, 1988% p. 282; 
Stems, 1993, p. 548). One could suppose that such a possibility offers more flexibility 
than if the organism were constmiaed by a specinc script not mntaining more resources to 
handle the situation than what is already at band with the simpler scripts. It thus seems 

that the result of ail this, is to understand jealousy as much more complex than the other 

emotions which we have discussed so far, an opinion that is more and more widely 
shared among theoristî: 

The emotion of jealousy consists of action readiness change [...] elicited by a 
constellation of events, a spac "story" [...] that smry defines the emotion. 
(Frijda, 1986, pp. 72-73; our italics) 

Jealousy is viewed as a label given to a complex of interrelated emotional, 
cognitive and behaviod processes. [...] After threat is perceived, the person 
experiences a varïety of ernotional reactions (ERS) that may include anger, 
depression, vengefulness, guilt, and anxiety over perceived l o s  of controL 
(White. 198 1, pp. 295,298; our italics) 



The jealousy gneving process involves a succession of sundry emotional and 
cognitive reactions. [...] Such a complex process, involving changes over 
months, cannot be contracted into a single emotion, whether it is jealousy, anger, 
depression, or feeling h u r ~  (Hupka, 1991. p. 256; our italics) 

A similar. though much less elaborated criticisrn, &O applies to pitylcompassion, which 

only appears twice in Table 3.2. Ortony and his coworkers would see pity as a d e r  

simple emotion, elicited by king  "(displeased about) an event presumed to be undesirable 
for someone else" (Ortony et al., 1988, p. 93). This reaction thus appears as the opposite 
of jealousy or resentment, eLicited by king "(displeased about) an event presumed to be 
desirable for someone e k "  (Ortony et al., 1988, p. 93), and the two emotions thus have 
a clear negative connotation. For Lazanis though, things are l e s  obvious, and he a c M y  
included compassion in his set of problematic emotions. The problem is that., by king 
goal congruent, the emotion should have positive overtones. But, at the same the ,  its 
core relational theme is "being moved by another's sufiering and wanting to help" 

(Lazanis, 199 1 a, p. 289)- which is &in to empathic distress, and sometimes even le& to 
pik two clearly negative enotions. Shaver et al. (1987, p. 1082) saw it as a mixture of 
sadness and love and, in Storm and Storm (1987. p. 811), it was included into the 

~ovelaffection cluster. As we did for jealousy. we are thus tempted not to consider 
compassion as a single emotion and a basic building block of the emotional layer, but as a 
complex affectivecognitive structure (Izard, 1993) withlli the operation of which many 
satellite emotions could also be elicited. 

Surprise and irzteresr Serious doubts have b e n  rai& about the possible candidacy of 
these two reactions. Ortony et aL (1988; ûttony and Turner, 1990) rejected both on the 
basis that they were not valenced states, which to them meant that they could not even be 

aiunteci as emotions. They have devised a simple test whereby one has to indicate how 
confident one is that "feeling x* and "being x" would borh refer to emotions, when x is 
replaced by various adjective. (Clore, Ortony and Foss, 1987; Ortony, Clore and Foss, 
1987). As an example, "feeling abandonedw would generally be understood as an 
emotion, but "being abandoned" would rather specify a state of affair. Hence 
"abandoned" would not be considered an emotion. In the resulting analysis, both surprise 
and interest came out classifïed as cognitive states. Oatley and Johnson-Laird (1987; 
Johnson-Laird and Oatiey, 1989) wouid exclude surprise and interest on similar grounds, 



and also because they are often encountered with various other emotions, perhaps as 
precursors. Such a view is atso shared by Stein et ai. (1993): 

Surprise, cunosity, and interest are indicative of the creation of new 
representations [...] When surprise is felt in close pmximity to other emotions. it 
n o m d y  precedes the other emotions. [...] Surprise and interest are different from 
emotional responses. [...] surprise is usually seen in the initial part of an 
emotional episode and often indicates the amount of discrepancy that the new 
information carries. (Stein et al., 1993. pp. 285-287) 

When Fehr and Russell (1984) asked for a one-minute free listing of exemplars of 
emotions, oniy 83% of the subjects Ilsted surprise. In Shaver et al. (1987), of the 135 

emotions tems used for the similarity sorthg task, all but surprise had received a score 
higher than 2.75 on a Cpoint sale (where 4 rneant "1 would âefït ively c d  this an 

emotion"). The authors had nevertheles decided to inciude it in the lis& because it had so 
often been considered as a basic by emotion theorists. In the cluster analysis. it came out 
as a meagre category, isolated h m  ali the other branches. In Storm and Storm, surprise 
was associated with "relatively neutrai tems: arousai and cognitive salientn (Storm and 
Storm. 1987, Fig. 2, p. 810). In Ellsworth and Smith, it was analysed as "a hedonically 
neuhai, short-lived emotion that serves to orient the person to sipificant events, ~rpically 
unexpuxi, externally caused events" (Ellsworth and Smith, 1988a. p. 327). Roseman et 
a1.k data (1996, p. 261; Roseman, 1984, p. 29) also c o n f i  that surprise is not 
inherentiy positive or negative. Finaily, recali that the facial expression of surprise was 
frequently confused with fear in the recognition studies (Ekman and Fnesen, 1971; 

Ekman et al.. 1987; Etcoff and Magee, 1992) and had not either b e n  cleariy identifid in 

other primates (Chevalier-Skolnikoff, 1973, p. 82; Redican. 1982, p. 265). 

Boredom and relit$ Boredorn is another example of a reaction that does not appear too 

convincingly as a proper emotion, especiaily if one adopts the criterion of having to be 
valenced. Onony et al. (1987, p. 363) indeed categorized it as a cognitive state, more or 
less as an opposite to interest and surprise, which were also classified into the same 
category. Subjects in Storm and Storm (1987, p. 813) likewise classified boredom with 
relatively neuual temu, rnainly denoting variation in arousal or cognitive engagement, and 
for whicb the pleasantness-unplea~a~ltness dimension was not salient Frijda considered 
boredom as a deactivation state, together with fatigue and apathy, characterized by a kind 
of "emotioaal emptinessn (Frijda, 1986. p. 39). In Frijda et aï. (1989, pp. 220-222). 
boredom and inciifference feii a h o s t  perfectly on a midde position between positive and 



negative emotions, on both of the appraisd and the action readiness profdes. Johnson- 

Laird and Oadey defmed boredom as a miid form of d e p u o n  resulting h m  the feeling 
"that one has no goals" (Johnson-Laird and Oatley. 1989, p. 110). Considering that the 

dimension of goal congruence or goal conduciveness usuaUy correlates highly with the 

dimension of pleasanmess-unpleasantness (Fnjda et al., 1989. p. 224; Roseman et al., p. 

257). such a defdtion amounts to considering boredom more or l e s  as valence free. 

Recall also that Ellsworth and Smith (1988a. p. 282) dropped boredom (and relief as 

well) from their analysis because not enough subjects had reported i t  In their 1985 study, 

boredom was associated with low attentional activity, and illustrated by expenences in 

which subjects "were compelled to remain in a situation where there was liale or nothing 

to keep their mincis occupied" (Smith and Ellsworth, 1985, p. 833). or had to attend u> a 
d d  lecture, or were bed-ridden for a few days after a minor medical intervention. Among 

the 253 episodes generated by subjects using Scherer's expert system (Schërer, 1993. pp. 
342). there were three episodes (1,2%) reported for boredom. only one of which was 
correctly classifï& by the expert system. This suggests that, pehaps, the appraisal profde 
for boredorn does not stand as very striking. For instance, if one considers that, in 

Scherer's model, the "openn value on one dimension of appraisal renders it non- 

discriminatory, then the difference between boredom and pn& rests only upon "conceni 

relevance", whose value is "body" for boredom and "self" for pride. The functional 

siguificmce for an organism to have developped some machinery to appraise that kind of 

a difference is certaïniy far h m  obvious! 

This argument of functional adaptiveness also makes us doubâui as to the relevance of 
conceptualizing a sWc design for relief. This reaction has not bgo proposed by any 

basic emotions theorist, but is encountered in three col ut^^ in our Table 3.2. ILazanis 
(19914 pp. 280-281) suggested that it is elicited by a goal incongruent condition which 

changes for the better rather unexpectedly. Ortony and his coworkers & h e d  it as king 
"@Ieased about) the disconfirmation of the prospect of an undesirable event" (Ortony et 
al. 1988, p. 121). Johnson-Laird and Oatley similarly classifiexi relief as a "caused 

emotion: happiness as a result of something that brings to an end fear or sadnessn 
(Johnson-Laird and Oatley, 1989. p. 1 1 8). Roseman et aL (1996) disthguished relief 

from joy, in that the former resulteù from an aversive motive-consistent appraisal 
(punishmen t withheld), while the latter resulted from an appen'tive mo tive-consisten t 

a p p d  (reward given). As mentioned already, EUsworth and Smith (198ûa) had initially 
included relief in their lis& but they dropped it from consideration since the subjects in this 



study aimost never reporteci it Opponent process theorists (Solomon, 1980; Solomon and 

Corb i~  1974). on the other hand, would account for relief by saying that an aversive 
stimulation not only generates a negative emotion. but airo elicits at the same tirne. in a 
milder form, an opponent pmess  that has the effect of reducing (regulating?) the intensity 
of the initial reaction, Sudden removal of the aversive stimulation would then induce the 
"slave cornpanion" to manifest itself, generating an affective contrast, as if a genuine 
positive stimulation had occurred. Here again, we think it is more parsimonious to add 

relief to the joy cluster, than to include as additional states, characteristics that rather 
belong to the dynamics of emotional episodes (Mauro, 1992). and do not seem to buy 
additional adaptive value for simpler and more general processes. 

3-2.4-3, The elicitation structure 

We are thus left wiîh a tentative set of eight basic building blocks out of which to set up 
our "emotional layer". It should be clear though bat  it has not k e n  our intention to 

bluntiy ignore genuine distinctions that have k e n  estabüshed empiricaily between certain 

emotions, such as guilt and shame, or joy and relief, or anger and contempt.. It actually 
happas that, in most analyses of the structnre of the affective space, "there are nearly 

always some emotion or mood words that have unstable placements in clusters or factors: 
"jealousy." "contempf" and "shame" are among hem* (Frijda, 1993b, p. 391). We 
thought that some rationale had to be proposeci for such recurrent observations. With 
respect to Frijda's (1993a) cnticism of the appraisal concept, we questioned whether the 
observeci variations belonged to the elicitation side or whether they resuited from further 
elaborations on the ~esponse side of each etnotion. Hence, we have argued that many such 
distùicpions, either peRained to the choice made among dinerent action tendencies fiom 
the response set of a given emotion, or to a mail combination of emotions intemenhg 
simuitaneously (or in very close succession). Our stance is achially lhat of a designer 
who, as a fvst approximation. wonders which llmited set of processes seems 

parsimoniously mandatory to account for the hinctional adaptiveness evidenced by the 
emotiod layer. 

From this standpin& it obviously becornes mach easier to propose a coherent stmcaire of 

appraisal for the elicitation of each category or family of emotions. Here again, we agree 
with Frijda (1993a) that the basic triggering mechanisms have to be cognitively and 

computationally much simpler than usually considered by most appraisal theonsts. 



Accross practically aU of the literature surveyed. a few dimensions have emerged 
recurrently and consistently, such as valence, activation, agency, and cefiainry. For 

instance, in Ftijda et ai. (1989, p. 217). valence and agency came out of the factor 

analysis a s  the two most significant appraisal factors in experiment 1. while valence and 

certainty emerged as the most signifïcant ones in experiment 2. These thm dimensions 
are also reported as the most important ones in Roseman (1991), and they were also 
considemi as prevalent in Elsworth and Smith (1988% 1988b). 

The two dimensions of valence (pleasantness) and activation have formed the basis of 
what has been cailed the "cÛcwnp1ex model" of emotion (Daly, Lancee and Polivy, 1983; 

Fromme and O'Brien, 1982; PIutchik, 1980, 1984; Russell, 1979, 1980; Russell et al., 

1989; Schiosberg, 1941, 1952. 1954). Such a mode1 presumes that all  emotion terms wi. 
f d  radially around the perimeter of a chdar  space, with emotions highly wrrelated king 
close to each odier, with the ones showing a zero comlation lying approximatively 90 
degrees apart, and with those negatively correlated falling on opposite sides of the 

diameter. Yet this approach has k e n  criticized (Larsen and Diener, 1992, p. 46; Ortony et 

al., 1987, p. 343). mainly for the fact that the list of words used for the multidimensional 
andysis was loaded with such tenns as: "activen, "strongn, "calm". "quiet", "sleepyn, 
"tired", 'bored", "chalienged", "excitedn, "aroused" , " vigorous", "nonchalantn ... Words 

like these do not fit weU with most definitions of emotions (Kleinginna and Kleinginna, 
198 1). they are not generally considered as representative of emo tions by su bjects (Shaver 
et d., 1981; Storm and Storm. 1987). yet they almost guarantee that a dimension of 
m u s a l  win unwarrantedly emerge from the analysis. Hence, we will discard activation as 
a pmper and usefui dimension for the elicitation structure of basic emotions. 

Valence. Valence on the other hand appears practically everywhere as the foremost 
dimension of the motivational. Onony et ai. (1988; see also Ortony et al. 1987) even use it 
as the essmliol criterion for a mental state to be categorized at all as emotionai. Withia 
their theory, the level of arousal or activation would rather be cap& as the intensity of 
ernotional reactions, which they saw as muiting from the effect of two sets of variables, 
global variables, affecting al l  emotions, and local variables, specific to only certain types 
of ernotions (Ortony et ai., 1988, chapter 4; see also the section on "Computational 
tractabilityn. pp. 18 1-190). Lazams (1991a) also distinguished two main classes of 
emotions, positive and negative, on the basis of their king  respectively goal congruent or 
goal inconpuent Frijda (1987) argued that, if one was to plead for the existence of basic 



emotions. only pleasure and pain (displeasure) would appear fundamental enough to 
figure as candidates. AIthough Davidson (1984, 1992) would describe this dimension as 
apprwchhithdrawal rather than as positivehtegative, this researcher also agrees that such 

a distinction is characteristic of emotions. In his opinion, it is even grounded in the 

functional organization of the brain, as  reflected in frontal and temporal assymeuy, the 

left-side king more generally responsible for the activation of positively t o n d  emotions. 

and the right-side being associated with negative ones. AU theonsts in our Table 3.2 
indeed consider this dimension as a fundamental one, and most semantic analyses of 

emotion words (Ortony et al, 1987; Osgood 1966; Shaver et al., 1987, 1992; Storm and 

S tom, 1987) also corne out with this basic cleavage. In a recent computational analysis of 

motivation, Wright (1996) presents the concept of valence as a basic process of credit- 

assignment which introduces cornpetition between inner control states and provides them 
with the ability to "buy processing powern by gaining access to limited processing 

resources. This exchange of value among inner states resuits in some of them king more 

(or l e s )  capable of controlling behavior. Moreuver, this circulation of value can be self- 
monitored to provide information about gains and losses, a procas which accounts for 

the phenomenology of "achievement pleasure" or "fadure unpleasure", i.e. for the mental 
States associated to the success or failure of important goals to be "feltn respectively as 
positive or negative. 

Agency. Agency also cornes out regularly as a fundamental dimension of emotions, 

although it has b e n  referred to, by different researchers, as responsibility, intentionality. 

situational control, or locus of causality. Smith and Ellsworth (1985; see also Ellsworth 

and Smith, 1988a) demonmat& that agency is the main dimension aloag which subjects 

distinguish among negative emotions. Wong and Weiner (1981) likewise showed that 

subjects typically stan amibutional search in situations of expectancy disconfirmation, or 
of nonattainment of go* and that subjects then commonly center their attributionai 
search on the dimension of agency: "why is îhis happening to me?" is thus usually 

translated into "who is responsible for it?". This essentially attributional view of the 
dimension of agency is actually shared by many researchers: 

Why can one be angry when, for no apparent reason, one's car WU not stan? In 
our view, this only happens if, in fact, one does attribute causal agency [...] to 
something [... These amibutions] are a very mlurai response tu such situations. 
Indeai, sometimes it seems as though the desire to i d e n m  some possible cause, 
however bizarre and unreasonable the candidate selected in the heat of the moment 
may be, results from un wrconscious undèrsrnnding that one's anger presupposes 
that there exists such a cause. (Ortony et al., 1988, p. 152; our italics) 



The subjects tend to treat the causes of their discornfort as intentional and 
responsible agents. Cars, bicycles. and rainy days are blamed; subjects may 
cornplain that it is unfair that they in panicular always have to endure such 
misfortunes, as if indeed an unjust agent was responsible. [...] The attributions 
also appear from the actions. The causai objects are treated as if they were zo 
blame* physicaiiy os well as verbally, by scolding or hitting rhem (Frijda, 1993% 
p. 363; our italics) 

In this last quoted article, Frijda suggested that such an unreasonable inteipretation argueci 
against the amibution king causally involved in the elicitation of the emotion, and was 
rather elaborated aftenvards, as the episode unfolded. He Likewise interpreted the 

frequently reported fact that people experience more intense feelings of guilt when they 
had no intention ro c w e  harm (McGraw, 1987). as an additional proof that the appraisal 

of responsibility might be the result rafher than the cause of the emotion f e l ~  We are 
inclined to disagree on this point, although we are in fidl accord that the elicitation process 
itself has to be fairly simple and automatic. We think that the "loose", and sometimes 

indiscriminate, amibution of responsibility to others - and even to inanimate objects - in 
case of anger. and to oneself in case of guilt, are the two sides of the same coin. It 

expresses some very primitive and innate tendency to look for a responsible agent, 

especially when something goes wrong. Such a provision might prove fairly adaptive in 
the context of species complex enough to have to deal mainly with other individuais. on 

an affiliative or dominance/submissiveness basis, or with other species. on a 
predatorl prey basis. In other words, for individuals of those species. the most important 

objects in the environment are certainly other individuals. In Gibson's spirit (Gibson, 

1977). one might think that these organisms wouid have evolved designs specincally 

amined to absiract as specid @rdmrces the patterns of signüicant interactions with these 
other individuals. We thus contend that the agency factor operates at a much more 
primitive level than usuaiiy considered, so that even fairly simple organisms have a kind 
of agency-bias that induces them to automatidy search for some likely responsible agent 
whenever something simcant happens. in terms of being detrimental or unexpectedly 

usehl to current States or goals. 

We have aiready mentioned, while cnticizing the idea of basic emotions as unanalysable 
quaiia, some experiments on the electrical stimulation of certain brain sites in various 

mammds (rnany detailed examples are reported in Frijda. 1986, pp. 381-386). As 

discussed, the emotionai behaviors thus elicited suggest that the animai is indeed 
searching for an appropriate agent, to whom to attnbute whatever is happening. Agressive 



reaction. for instance, will often be directed towards the experimenter or towards animais 

nearby, as  potential agressors. On the other hand, in experimenîs where a caged animai is 
subjected to a sudden aversive stimulation. a frequent response wil l  consist of attacks 
directed towards the most WEely responsible agent around: preferably another animal, of 
the same or of another species, or towards a stuffed animal, and eventually towards an 
unusud object that happens to be "undulyn present (Hutchinson, 1972). A fairly simple 
mechanism should then be operative. Some studies on the perception of causality have 

indeed demonstrated that people readïly interpret as intentional (attack, flight, pursuit, 
atîraction ...) certain patterns of motion involving mere geometrical shapes, such as 
squares or rectangles (Bassili, 1976; Michotîe, 1950). Primitive as this might appear. it 
E m s  that such an "agency-detectorn is nevertheles mandatory, even for the emergence 
of more cornplex interactive behaviors, such as human verbal communication. For 
instance, in order to account for the reciprocally intentional behavior assumed as a 
necessary requirement for speech acts to occur, Searle (1990) also felt that such a 
primitive sense of agency had to be postulated: 

Collective intentionality presupposes a Background sense of the other cis o 
cmdidate for cooperative agency [...] I am here suggesting tbat we cannot e x p h  
society in terms of either conversation in particular or collective behavior in 
general. since each of these presuppose a form of society before they cm function 
at all. The biologically primitive sense of the orher as a d i d a t e  for shared 
intentionality is a necessary condition of al1 collective behavior and hence of all  
conversation. (Searle, 1990,4 14-4 15; our italics) 

Certuinty. As mentioned above, we feel that cenainty-mcertainty should also be included 
as a critical appraisal. Since emotions are typically related to goal attainment, and since 
goal-oriented behavior necessarily implies a temporal dynamics, future expectations 
should obviously be involved in the evaluation of incorning events. This dimension 
actually shows up in many empirical investigations of the appraisals spontaneously 
evoked by subjects (Ellsworth and Smith, 1988% Frijda et ai., 1989; Roseman, 1991; 
Roseman et al., 1996; Smith and Ellsworth, 1985). Scherer (1993, p. 349) also 
suggested that including this factor in the future might Unprove the performance of his 
expert system for the identification of episodes expenenced with feelings of fear or 
amie ty . 



Figure 3.1 
The eIicitation structure for basic emotions 

(Adapted fian Roseman et al., 1996, and Wiener, 1985) 

VALENCE 

G R A '  
(adoration) 

Figure 3.1 surnmarizes the appraisal structure for the eiiàtation of " basicn emotions. It 

corresponds closely to the one proposed by Roseman et ai. (1996, Figure 2, p. 269), 
once the emotions that we have rejected above from om basic set have been ebhated.  
We found interesting the idea of distinguishing the expession and the further elaboration 

of the emotional episodes dong the charocrerologicolhon-~haracterological dimension, 

although we do not think that such a distinction beioags to the elicitation side of the 

processes. This distinction is pretty reminiscent of the globality/focali~ component 

proposed by Frijda (1986, p. 213; 1993b. p. 381). to distinguish moods from emotions 

P m F  

Globality is the component that differentiates depression fkom sadness, bliss from 
joy. and anxiety from fear. In depression, [-.] the world as a whole appears 
barren and devoid of intentional objects In anxie&y, the environment as a whole 
Iacks support for orientation or a focus that might malœ meaningfd any efforts to 
protect oneseif. In bliss or me happiaess, the e n d m e n t  as a whole appears 
accessible and invested with positive valence. mjaa. 1986, p. 213) 

So we included in parentheses the non-characteroIogical (or global) version of each 

emotion. For instance, if self feels responsible for fding to meet social standards or 

prescriptions, guilt will be experienced when the transgression could be reseicted to 

spdc acts or behaviors, while shame would rather be felt if the whoIe self is seen as 
inadquate. Anger would result from specific wrongdoings amibuted to someone else, but 

contempt would rather be experienced if this is the whole identity of the wrongdoer that is 



judged as deficient. Gratitude would be associated with the receipt of some goods or 
favors from someone else, but if generalized over the whole person, this feeling could 
weii turn into love and adoration for the benefactor. Ride accompanies specific positive 

outcornes attributed to self, but conceit (or hubris, as Lewis, 1993b, p. 570, would rather 
call it) would corne out when it is the whole self that is praised and seen as responsible for 
ail the g d  that is resulting. Joy or sadness would be felt in cases of specific pleasant or 
unpleasant happenings, but happiness or depression would rather be experienced when 

the pleasantness or the unpleasanmess melt over longer priods of time or even over a 
whole way of Me. Hope and fear would characterize anticipated positive or negative 
outcornes, but optirnism or anxiety would result from generaliMg these feelings over 

longer periods and l e s  sWc classes of events. 

Not too surprisingly, given the prevdence of the agency factor and its attributional 
character, the two bottom rows of our Figure 3.1 show a strong convergence with the 
emotional structure poshilated by aniibution theorists (Wiener, 1982, 1985). It is actually 

from their position that we chose "gratitude" instead of "love" or "likingw as one of our 
candidate ernotions. For one thing, lovdattachment seems to involve a much more 
complicated configuration including many different emotions, some positive, and some 
negative, some dependent on self-agency, and some dependent on other-agency: 
separation distress, jealousy , feeling so my for someone, feeling happy for someone, 
wonying about someone, feeling abandoned, missing someone... On the other han& it is 
a well hown fact that most emotions actuaily arise within the context of attachment and 
close relationships (Baumeister and Leary, 1995; Scherer, l988b; Scherer et al., 1986). 
and it is also usually in situations involving reIatives tbat the intensity of the feelings is the 
highest. Thus anger is most typically triggered when friends or kin fail to meet 
expectations (Averiii. 1979, 1983; Lemerise and Dodge, 1993). and guilt is rnainly 
experienced when one has caused h m ,  whether htentiondy or not, to reiated and 
vdued others (Baumeister, Stüiwell and Heatherton, 1994). 

As it was also pointed out by Scherer (1988a, p.94). there is no specifïc event or action 
that makes one Use an object or a person. Hence, it does not seem that love or anachment 
as such fit at the same level of complexity of emotional reactions as do sadness, gdt, joy, 
fear or anger, dthough, as we have discussed earlier, there has to be some simpler 
emotion appropriately related to this behavioral cornplex. Gratitude thus pops out as a 
most likeiy candidate: it is everywhere related to likiag, and instigating gratitude, for 



instance by providing gifts. rewards or praise. is probably - across ages, cultures and 

even species - one of the most naturai way of "making friendsw. It is used in the process 
of taming, in caretaking. in courtship (across a large variety of birds and mammals), and 

even in political negotiations! We have already seen that hate is most typically associated 
with anger. Since gratitude, in some appraisai accounts (Ortony et al., 1988, p. 151). is 
seen as the direct opposite of anger. a logical conclusion would be to consider love and 
liking (the opposite of hate). as king very closely associated with gratitude. Ellsworth 
and Smith (1988b p. 315) included items designed to measure gratitude into their love 
scale, and found that love was predicted by appraisais of pleasanmess and other-agency. 
In Shaver et al. (1987). two of the items which appeareù most frequently in the subjects' 
accounts as  antecedents of love were: " m e r  provides something that self wants" (hence 
gratitude) and "Self fmds other attractive". Analysis of people's judgments of love 
showed that "caringw (which again naturally induces gratitude) is seen as playing the most 
important role in love, while need appears as more important in judgments of attraction 
(Steck, Levitan, McLane and KeLley. 1982). In other words, a person is generally found 
attractive on the bais  that he or she c m  Mi someone eise's needs. AU this traces a path 
between need, attractiveness, gratefulness, and W g .  On the other hand. the eliciting 
appraisal for this emotion seems faVLy easy to cornpute. Tesser, Gatewood and Driver 
(1968), for instance. showed that felt gratitude is a positive monotonie function of three 
variables: the Vrtentio~fity attributed to the benefactor (thus directly relatai to our agency 
dimension), the cos? incurred in providing the benefit, and the value of the reward to the 

recipient In a similar vein, Trivers (1971) has suggested "that the emotion of gratitude 
has been selected to regulate human response to altruistic acts and that the emotion is 
sensitive to the costhenefit ratio of such acts" (Trivers, 197 1, p. 49). 

As we have already mentioned, three of the four emotions that occupy the top row of 
Figure 3.1 Goy, fear and sadness). have already received a fair conf îa t ion  of their 

universal occunenœ m s s  human culaires It is intexesthg to note that the four emotions 
from the bottom rows also evidence some striking universality. Kitayarna et al. (1 995) 
asked undergraduates from a Japanese university and undergraduates from a US. 
university to rate the frequency with which they experienced different emotions. The data 

were submitted to a multidimensional scale analysis, and the result showed that the 

emotional spaœ in both sets could be segregated into four nonoverlapping areas, dong the 
two dimensions of evaluation (positivefnegative) and social orientation 
(engaged/disengaged). From the emotion terms they included, the four different clusters 



obtained can be mapped directly ont0 the four bottom cells of Our Figure 3.1: 
p s i  tivelengaged (e-g. " friendly feelings") onto positivdo ther-caused; positive/disengaged 
(e-g. "pride) onto positivelself-caused; negativelengaged (e.g. "guiItn) onto negativekelf- 

caused; negativddisengaged (e.g. "angern) onto negativdothercaused. 

It migbt seem strange that the agency dimension codd bear a value of "none", as is the 
case in the Fust row of Figure 3.1. The point is that joy, sadness, hope or fear are 
triggered either when no attributable agency can be found as a cause for the observed 

(expected) outcome, or when there appears to be no possible control over the 

corresponding event. Emotionai processes are seen here as control structures, and from 

this functional stance, non-controllable agency ir tantamour to M agency ut dL Tbere is. 
indeed, no point spending resources against overpowerfd agents: better cal1 for help then 

or £le& (and alert relatives to flee as weil). Thus, in cases of anticipateci loss amibutable to 
others, anger would be triggered only if there is something to be doae against the agents 

to prevent their wrongdoing, while fear wodd be txiggered if nothing codd be envisioned 
to prevent it This also explains why the certainty/uncertainty dimension only operates 
when no agents are involved. When other agents could actually be held responsible. 
gratitude or anger are triggered. whether the outcome is real or expected M e n  self is felt 
as responsible for some significant outcorne, pride or g d t  are experienced, even if the 
comsponding event has not happened yet For instance, a parent can weil feel guiity 
because he  might eventuaiiy have to punish his or ber child 

3.2.4.4. The basieaily social function of emotions: managing commitments 

In summary, we have a substantid rationale for postulathg the existence of a specific 

layer of design responsible for practically a l l  emotional behavior, we also have good 
ieason to speculate that the family (or types) of emotions listed in Figure 3.1 provide most 
of the required building blocks for this layer; and we have consistent empirical and 
theoreticai material from which to specify the design of the elicitation mechanisms for 
these processes. Now, adopting such a computational stance to the understanding of 
emotional phenornena, necessarily merges into the larger framework of a functionalist 
approach to emotions, which characterizes most current cognitive approaches to emotions 
(Barre& 1995; Ekman, 1984,1992a, 1992b. 1993; Fisher and Tangney, 1995; Fischer et 
al.. 1990; Fnjda, 1986, 1988, 1989; Fnjda and Swagerman, 1987; H d .  1986; Izard, 
1977,1993; Lazanis 1991a; Scherer, 1984; Lventhal and Scherer, 1987; Oatley, 1992; 



Oatley and Johnson-Laird, 1987, 1996; Panksepp, 1982, 1986, 1989, 1992; Plutchick. 
1980. 1984; Tomkins, 1984; Toobey and Cosmides, 1990; Trevarthen, 1984). The 

challenge, though, is to formulate which specific functions should be attributed to the 

emotional layer, so as to account for what is aLready known to operate as ernotional 
episodes unfold. One very frequently asserted characteristic of emotions, is their 
fundamentally social nature, even if they do not always or exclusively occur within social 

In human behavior, situations involving interaction with other human beings are 
charactenstically more heavily laden with emotions than any other situations. 
(Simon, 1967, p. 37) 

[Our] results clearly replicate earlier fmdings obtained in a series of interadnual 
questionnaire studies showing that established personal relationships are the most 
important source of ernotional experience for the basic emotions, except for fear. 
(Scherer and Tannenbaum, 1986, p. 302; see also Wdbon and Scherer, 1986, 
pp. 72-73) 

Many adult plans are mutual: [...] Such plans are among the most important that 
we make: m a g e ,  parenthood, employment, fnendships etc. Many of our more 
intense and problernatic emotions concem plans where mutuality has been sought 
for, set up, or assume& (Oatley and Johnson-Laird, 1987. p. 43; see also Oatley, 
1992, p. 10, and the whole of chapter 4) 

A major component of emotions is social communication and regdation. Because 
of the close ties between emotional appraisals, subjective feelings, action 
tendencies, expressions, and behaviours, emotions communicate fa other peoples 
one's needs, wishes, intentions, understandings. and Likely behaviours. This 
communication generally promotes both need satisfaction and social co-ordination. 
(Fischer et ai., 1990, p. 94) 

Although emotions can seem to arise privately and without others being around, 1 
think they always involve other pemns, and the emotion process draws on past 
and present relationships with such persons. Emotions are social phenomena 
(Lazanis, 1991a. p. 241) 

The evidence is ~ ~ i c e n t l y  broad and consistent to suggest that one of the basic 
functions of emotion is to regdate behavior so as to fom and maintain social 
bonds. (Baumeister and Leary, 1995, p. 508) 

The social constructionist view (Averill, 1980; H i d .  1986; Kemper, 1987; Levy, 1984% 
1984b; Lutz, 1988; Rosaldo, 1984) would of course go much M e r  in considering that 
emotions are "socially constituted syndromesn (Averill, 1980, p. 305) which are not so 

much biologically (and thus universally) determined, as they are necessarily aquired 
within the fabnc of a given culhue, with the appraisal process king itself constrained by 

the structure of the social surroundiog. This actualiy corresponds to one of the 



controversies that we mentioned in the beginning of this article, and it more or less 

replicates, for the emotion domain. the famous debate between the nativists and the 

empincists that has agitated much of the history of experimental psychology, in the field 

of sensation and perception (Boring, 1942). Again, it is quite uniikely that the tmth would 

lie on any of the extrernes, and the computational stance which we have advocated so far, 

could also offer here a more satismg account, somewhere in between the two opposing 
sides. 

One basic point of our reasoning, is that motivarion essentidly has to do with mmging 
resources. From an adaptive point of view, resources indeed appear as the ultimate goals 

that organisms should strive for in order to insure their own survival. We are d e f k n g  
resource here, more or less as energy is defmed in physics: whatever is necessary for 
producing work, such as kat  or electricity for machines, processing time and memory for 
cornputers, or water and food for living beings. Another key idea is that it proves useful 
to idenrify and distinguish two kinds of resources: fmt-order and second order. F i t -  

order resources are the ones that an organism could get directiy by itself. while second- 
order resources are the ones rhat are (and m s t  ofen CM only be) obrained through the 
hel'p of anodrer agent, which is committed to provide them. Newborns, for instance, c m  

only get access to food through the cornmitment that makes their parents provide it for 

them. Now. it should be made clear that it is not the other agent per se that is to be 

counted as the second-order murce, but whatever makes it that the agent is compelled to 
fmd out and pas over the first-order resource. In other words, it is the cornmitment, b y  

way of insuring access to the resource, that ù t4 be cowited itself us a (second-order) 
resome. 

This two-sided classifcation of resources offers a new and fairly simple criterion for 
establishing the distinction between the two broad categories of motivations: needs and 
emotions. Both of them couid thus be seen as Ends of operathg systerns insuring the 
management of resources in organisms (and eventuaüy in adficially-built autonomous 
agents). Needs are the control processes that regulate the variations in fmt-order 
resources: when there is simant gain or 10% Le. past some predefmed threshold, the 

hunger (or thirst or fatigue ...) mechanism is triggered and acu so as to regain access t an 
equivalent amount of resource. In higher (i-e. social. or at least nurturing) organisms, 
other agents could aiso be called in to help to insure access to the requited resources, 
provided these agents are committed to thus respond. Evolution h a  corne out with 



emRonr as the control procases thar regulote the variations in secondorder resources, 
namely the set of commitmeats estabiished between agents. Emotions thus operate so as 
to establish or mate new commitments (joy. gratitude). protect, sustain or reinvest old 
ones (joy. hope, gratitude, pride), prevent the breaking of commitments by self or others 
(pide, guilt, gratitude, anger), or call on others in cases of necessity and helplessness 
(sadness, fear). 

One theoretical consequence of thus restricting emotions to king commitmnrs operators 
(Aubé and Senteni. 1996a, 1996b) is that we would not count as emotions proper some 
simpler reactions, such as pleasure and excitement more directly associated with 
physiological well-king. We would take a similar stance for the reactions classified by 

Rotin et al. (1994) as distaste or core disgust: the fvst one is typically elicited by 
offensive smells and bad tasies, and is expressed by nose wrinkle; the second one is b a t  
elicited in the presenœ of body waste products, and is rather expressed by gape and 

tongue exinsion It is &O our opinion that some of the reactions counted as f m .  should 
probably not be categorized as full bloomed emotions, especiaiiy certain escaping 
behaviors evidenced in phylogeneticaliy simpler species. ohman (1986, 1993) has 
provided suggestive evidence that, even among human fears, the various reactions should 
probably be classified into different categories, some of which would rest upon much 
simpler and evolutionary older structures. Ekrnan et al. (1985), as mentioned earlier, 
made a convincing argument that the stade reaction is more reflex-me, and should not 
then be counted as an emotion. Averiii also thought that "most "naturalw fears (e.g., of 

falling, and even of bears in the woods) are not very representative of emotions in 
general" (Averill, 1980, p. 325). Fiinaily, Walibott and Scherer (1986, p. 72), and 
Scherer and Tannenbanm (1986, p. 302) also pointed that fear somewhat differed from di 
of the other "basicw emotions in king les  systematicdy elicited by situations involving 
close relationships, and among these emotions, it is also the one that was the most poody 
predicted by Scherer's expert system (1993, pp. 347-349). 

We prefer to classify as  fear reactions that necessarily involve relationships, such as 

attachent or confïict with other individuals. Fear is thus often induced by others' anger. 
This is probably one of the original functions of anger. so important actuaiiy, that there 

seems to exist, even in the brain of other primates, some innate dewitors insuring the 
rapid recognition of angry faces Oimberg, 1982; Hansen and Hansen, 1988; Hasselmo, 
R o b  and Baylis, 1989; ohman, 1986; ohman and Dimberg, 1978; Sackett, 1966). Fear 



in self is also likeiy to induce fear in others, which is precisely he b c t i o n  of o h m  calls 
in most birds and mammals (Eibl-Eibesfeldt, 1975; Marler, 1984). In humans, one might 

think of panic behavior in cases of 6re or a rio+ On the other hand, there seems to be a 

strange association between fear and attachment. Danvin had already noticed b a t  "the 

feeling of affection of a dog towards his master is combuied with a strong sense of 

subrnission, which is akin to fear" (Danvin, 1872/1965, p. 1 19). The concept of fear is 

indeed considered as basic to the analysis of imprinting (Hoffman, 1974; Rosenblum and 
Alpert, 1974). wherein it is more or less envisioued as the other side of the coin: king 
attached to a proper caregiver thus goes together with king feamil of other possibly 

dangerous individuals. The appearance of fear of s m g e r s  around seven months in the 

human infant is likewise interpreted (Lewis, 1993a; Komer, 1986; Sroufe, Waters and 

Matas, 1974), the apparition of the fear response fmt  requiring the establishment of 

secure attachment But probably the most seilMg illustration of the da t ion  between the 

two emotions, in humans, is what ha been called the "Stockholm syndrome", or the 

"hostage identification syndromen (Hiilman, 19 83; Turner, 1985). wherein victims get 

svongly attached to theu captors and will even corne to endorse their agressors' point of 
view against the authorities. The onset of the phenomenon absolutely requires that the 

person be totally cemrized as to his or her fate, and victims who do not succomb to 
intense fear are not subject to the syndrome (Graham, Rawlings and Rimini, 1988; 

Wman, 1983). It is now beiieved that such "traumatic bondingn also happas in the case 

of battered women, victims of incest and abused children (Dutton and Painter, 1981; 
Graham et al., 1988). The phenomenon might hinher be related to the fact that, "when 

children are anxious or feamil, they are especiaily vulnerable to passionate loven (Hatfield 
and Rapson, 1993, p. 597; see also Hatfîeld, Brinton and Cornelius, 1989). 

Even though such emotions as  joy or SadzIess do not require the amibution of agency for 

their elicïtation, they nevertheless typically occur as weli in the context of interagent 
relationships, especially in establishing new commitments, or in making use of the 

(second-order) resoarces they make available. Separation distress is thus indissociably 
related to the attachement process, and it does induœ or strengthen longing and bonding. 

As such, it is not encountered in species where there is no speciai attachment between 

parents and of fsp~g,  or between mates, such as in amphibians and in most of the reptiles 

(MacLean, 1993). In species where such processes exish they induce fear of strangers, as 

we have seen above. Sadness also elicits sadness: infant crying, for instance, induces 
crying in other children as weii as empathic distress in parents (Murray, 1979; Simner, 



197 1). As to joy. it is quite communicative in mammal play, even across species, like 
between dog and master. ï he  relared open-mouth display, which is seen as a precursor to 
laughier in primates (Van Hooff. 1972). is associated with play and joyfùl behavior; in 
humans. laughter has for long been considered highly contagious (Provine, 1992; Ruch, 
1993). The silent bared-teeth display, which is seen as a precursor of smiliag in primates, 
is a potent elicitor of affinitive behavior (Van Hooff, 1972). In humans. smiling is a 
universal component of greetings, "an evolutionary designed signai to smooth interaction 

arnong members of a species who must cooperate in group livingn (Kraut and Johnston, 
1979, p. 155 1). 

Our idea of seeing emotions as a control srnrcture is closely related to Frijda., concept of 
"control precedence", already mentioned in a previous section (Frijda, 1986, pp. 77-80; 
1988; Frijda and Swagerman, 1987). and to Panksepp's view (1992, p. 555) of basic 

emotions as "operathg systems". Moreover, if emotions are conaol structures, then. by 
dehition, they must be allocated a high processing priority, and that Uideed is what 

makes them such powerful inîemcpr mechanisms (Simon, 1967). The idea is also centml 
to the "communicative theory of emotion" (Johnson-Laird, 1988, pp. 372-376; Oatley, 

1992, pp. 49-54; Oatley and Johnson-Laird* 1987, 1996) wherein emotional signals are 

seen as control messages broadcasted through the whole cognitive system with the 

function of setting cenain modules into readiness to appropriately respond to the eiiciting 
condition. Accordhg to their theory, the very same processes also result in sending 
control signals extemally, by way of emotional expression, to the whole community of 
agents, setting hem as well into readiness to conaibute to resolving a problernatic 
situation. A very similar view bas equally b e n  foxmulated by Minslry: 

M a y  of the schemes we use for selfcontrol are the same as those we leam to use 
for iduencing other people. We make ourselves behave by exploiting our own 
fears and desires, offering ourseIves rewards, or t h t e n i n g  the loss of what we 
love. (Minsky, 1985, p. 45) 

Borrowïng nom Carver and Scheier (1990), Oatley and Johnson-Laird (1996, Figure 1; 

see also Oatley, 1992, p. 50) proposed that the elicitation mechanism for emotions rests 
upon a monitoring device aüached to each goal, e v d u a ~ g  incornhg events in ternis of the 

fiuctuating probability of achieving (or failhg to achieve) the correspondhg goal When 
the fluctuation is assumed too high, an interrupt signai is sent to the current goal, 
a c t i v a ~ g  stored plan fragments to be assembled in order to repair the malhinction. At the 



same time, a "non-propositional" emotion signal is sent to other paris of the systern to set 
them into readiness to help respond to the problematic change. Stein, Trabasso and Liwag 
(1993) Likewise reasoned that "people have a built-in mechanism that aiiows them to 

represent goal-action-outcorne sequences in relationship to the maintenance of goalsw 
(Stein et al., 1993, p. 281). 

Our own stance bars some similarity to these accounts. yet it focuses on resources, 
typically second-order ones, rather than on goals as such, although there obviously are 
some intimate relationships between the two. The basic point is that goals do not explain 
motivation. they rather follow from i t  In autonomous agents. motivation is what 
generates goak. And. as we postdated before, motivation has to do with resource (and 
commitments) management In the same sense that kmwledge representation (in terms of 
beliefs and goals, for instance) appears everywhere in cognitive science as the core inner 
variable, we contend that commitment is the core concept required to explain the basic 
functioning of emotional processes, much more so than the concepts of goal, or  even of 
appraid. In the "cognitive sciencen account of a given phenornenon. what is looked for. 
is the knowledge representation that has been manipulateci, as well as how this 
manipulation has been performed. In "emotive science" accounts, we suggest that it is the 
commitment manipulated that should be looked for, as well as the process transformation 
it has incurred. Such a stance leads us to propose that the monitoring device for the 
elicitation of emotion should be sensitive to unexpected threats and opportunities with 
regardr to cornmitments rather than specificaily with regards to goais. Since goals are 
most often generated by the motivational force resulting h m  the suive for resources 
(including second-order ones), it so happens that these two critical inner variables may be 
confounded. Our design for emotions should thus incorporate a dyaamic representation of 
a l l  the cornmitments held by a given agenk together with a context-sensitive monitoring 
device açsessing the variation within those comrnitments. as a result of ongoing events. 
On the other han& the fragments of plans called for when there is a risk of breach in 
stored cornmitments or an opportunity for establishg new ones, should be taüored so as 

to reinstate the previous level of commitrnent or reinvest the ones that have just been 

aquired. A more detailed account of the computationai specifcations of this mode1 has 
been presented elsewhere (Aube and Senteni, 1996% 1996b). 



3.2.5. Conclusion 

In this article. we have aied to lay down some of the requinxi specincations for the design 

of a computationai mode1 of emotions. We started by stressing the foremost importance of 

existing controversies in the study of emotions, as ways of challenging existing 

conjectures, so as to produœ new ones and make theones progress. Our main strategy 

has b e n  to use these controversies a s  heuristics in probing critical facts and phenomena 

within the emotion domain We specifcaily chose to examine more cacefully two of hem, 
namely the debate regarding the primacy of cognition or emotion. and that questionhg the 

usefulness of postulating basic emotions. Our choice was motivated by the fact that both 

stand at the core of emotion theory, the fmt deaiing with no less than the very definition 

of emotion, and the second having to do with specifying the elicitation mechanisin and the 

intemal structure of the emotional processes. We found it necessary to reexarnine some 

of the cntical terms used centraily in each debate, such as "cognitive", "basic" or 

"appraisai". In each case. we also vied to show how. by adopting a design stance, much 
of the controversy could be reduced, and how much of the data could thus h d  a coherent 

place in the overail p d e .  

We introduced the first section by recalling the important debate between Lazanis and 

Zajonc about cognition and emotion, and stressed that the c m  of the controversy rested 
on the definitions of both tems king  too encompassing. In response to the proposal to 
discard emotions by subsuming them under the broader class of cognitions, we bomowed 
from Artifïcial Life the idea of seeing emotions as one specific and functionai layer of 

design built on top of the instinctive layer of fixed action patterns, but underneath the 

delibera tive layer of corn plex aquired memory structures. We thus reforxnulated the 

problem of distinguishing between cognition and emotion as one of capturing the 

correspondhg behaviors in iemis of the working of successive layers that could be added, 
through intricate connections, on top of each other, so as to meet the rquirements of 

adaptive and evolutive systems. The next step consisted in formulating some essential 
properties that could charactenze the emotional layer in such a way that it would appear 
qualitatively different from the undemeath instinctive layer, but that it could at the same 

t h e  provide a usefid intermediary sep towards the deliberative layer laid on top. We then 
listed and documented some cntical characteistics of emotional s t r u c ~  as king semi- 
abstract, context-dependenf intentionai and communicative. 



We started the second section by recalling Ortony and Turne?s (1990) challenge to the 

concept of basic emotions. This led us to a critical review of the principal arguments in 

favor of basicness. We then saw that the c m  of the controveny centered upon the uni& 
chosen to build a theory of emotion. Ortony and Turner, together with most appraisal 

theorists, advocated emotionless components of appraisal, from the composition of which 

an Uideflnite number of emotions could potentiaily arise. Their opponents rather favored a 
restricted list of "seven plus or minus twon (Russell, 1994) categories of emotions, that 

they saw as functiondy encapsulated solutions to recurrent evolutionary issues. Yet, 
when we compared carefully the list of emotions proposed on both sides, we found 

striking similarities and convergence Dong the set of candidates presented. On the other 

hand, we recdled Frijda's (1993a) cnticism that appraisal theorists had often used 

interchangeably the concept of appraisal in two dinerent senses, one bearing on the 

elicitation of the emotional reactions, and the other referring to the content of the 

experience, which is usuaily transformed and cognitively elaborated as the ernotional 

episode unfolds. 

Applying this remark m our design-oriented stance led us to propose that the two sides of 

the controversy were disthguished mainly by the focus they set on the whole emotional 

process: appraisal theorists rather seek to specify the cognitive dimensions dong which 

the antecedents lead to the elicitation of emotions, while basic ernotions theorists 

concentrate their efforts mainly on the expression, the undedying circuitry or the process 

content of each category of emotions We suggested that the prototype approach recently 
applied to the study of emotion (Fehr and Russell, 1984; Parrot and Smith, 199 1; Shaver 
et al., 1987; Shaver et al., 1992; Tangney and Fischer, 1995) offered a promising 

compromise compatible with the b a t  contributions h m  both sides. This approach did 
a c W y  spec*, for each "basic Ievel" emotion considered, a complete script spelling out 

the elicitation conditions, the response tendencies, and the self-regdatory procedures 
represented and used by the subjects in typical situations. In the third section, we then 
scrutinized ail of the suggestions ma& from each side of the controversy so as to spec* 
which building blocks could be postulated as the required components of our emotional 

layer. We came out with a strong rationale favoring a reduced set of eight (families of) 
emotions - joy, sadness, hop ,  fear, gratitude, anger. pride and guilt - together with an 

elicitation stnicaire based on three fundamentai dimensions of appraisal: valence, agency 

and cenainty. We aiso showed that the mode1 offered a reasonable convergence, 

integrating a host of theoretical proposais from many dinerent schoois of thought 



This theoretical joumey fmaily led us to specify the functions which had to be ascribed to 

the emotional processes, so they would hiüill a coherent role in between the instinctive 
and the deliberative layers of our postulated design. Considering the vast number of 
empirical references in the literature to the social character of emotions. either about their 
antecedents or about their interpersonal expression, we chose to resûict their role to this 
social aspect, thus xjecting many non-social reactions as pertaining to a different set of 
simpler mo tivational processes (such as needs, for instance). Interestingly, such a 

proposal offers ut the same tirne some workable compromise to unother current 

controversy mentioned in the introduction, opposing the biopsychological and the social 

conrnuctionist views ofemotions. Our point is that motivation has to do with managing 
resources, and that the access to some resources depends on others agents The key to this 
access is ihe cornmitment that binds these agents into providing the desirexi resowce. 
Hence, the commitment is a special kind of resource, which acaidiy motivates "sociality" 
and glues individuals together into reciprocal relationships. This concept is hdeed centrai 
to symbolic interactionist sociologists, such as Eiihu Gerson, who see the negotiation of 
commitments as the substance of social order (Gerson, 1976, p. 799; see also Bond, 
1990, and Gasser, 1991. for an application of this perspective to the field of Distrîbuted 
M ~ c i a l  Intelligence). But, as  is the case for simple needs, where hunger. for instance. 
insures access to food in case of starving, there has to be a specific control mechaniSm 
insuring access to and protection of commitments. Through the evolution of social and 

cooperating species, this is precisely what emotions seem to have been designed for. Such 
a viewpoint caiis for the provision of automatic built-in deiectors and interrupt circuiiry for 
cntical fluctuations in commitments, but at the same time it leaves room for the social 
determination of threshold adjuments and for the cultural choie  and caming out of 
action tendencies for repair, as well as for the acquisition of self-regdatory procedures. 

A design stance such as the one we have proposed calls for new tools for the 

computational implemeniation of the emotional layer. We indeed poshilaied that a proper 
representation of emotions should be process-oriented, in executable script-like forma& 

but also that it shouid necessarily run in parailel, since many accounts of CO-occuring 
emotions appear in the Lieranire. in computational terms, this would cal1 for using such 
formalisrn as concurrent objects or actors (Agha, 1986; Bnot, 1994). We also suggested 
that the core variable refenïng to the commitments held by an agent should be represented 
in a dynamic fashion, incorporating for each cornmimient a monitoring device, constantiy 



watching for events that could bear an impact upon the level of this second-order 

resource. For biological organisms, this seems to require that the sensory and perceptual 

processes would directly project ont0 the emotional system. LeDoux indeed mentioned 

that: 

[...] visual and auditory areas in the thalamus. in addition to projecting to 
neocortical receiving areas, also send fiben to the hypothalamus and amygdala 
[...] Moreover. direct retinal projection to the thalamus (Pickard and Silverma., 
1981) and possibly the hippocarnpus (MacLean and Creswell. 1970) have been 
observed. These pathways allow crude sensory inputs to reach limbic areas 
rapidly and without neocortical intervention. (LeDoux. 1986, pp. 33 1-332) 

The best provision we have in mind for the concrete implementation of such a mechanism 

is something akin to the exception handling system in object-otiented languages such as 

Smalltalk-80 (Dony, 1990; Aube and Senteni. 1996a 1996b). We have also illustrated 

how this elicitation process could rely on rather simple characteristics of the stimulation. 

by cornputing the positive or negative variations in stored (second-order) resources, by 

identifying a likely cause to which to ascribe the responsibility for this variation and. if no 

agent could be held accountable. by estimating the certainty of the appraised perturbahg 

event As mentioned. it is likely than individuals in social or nurturllig species would have 

developed mechanisms attuned to rapidly catch the critical "affordances" (Gibson. 1977) 

of cornrniunents being senously at stake. We pointed to some rekrences suggesting that 

such mechanisms are indeed innately wired-in (Bassifi. 1976: Hansen and Hansen, 1988: 

Hasselmo. Rolls and Baylis, 1989; Michotte, 1950; Sackett. 1966). 

On the other hand. we think that the recent progress in understanding the computational 
requirements of parallelism and of rnulû-agent architectures make the tirne ripe for further 

applications of this paradigin to theories of emotions. This why we have elsewhere 

proposed (AuM and Senteni. 1996a. 1996b) that emotions should be represented as the 

very control processes of multiagent systems. Reciprocally. we envision an important 

contribution that studies of emotion could make to Distributed Artificial Intelligence (DAI) 

research. Based on a sociologicaily-minded metaphor (Gasser, 199 1: Minsky. 1985), this 

new perspective rests on the powerful idea that red world problems generally do not get 

solved by single individuals, but by tearns of specialists of different skilIs that cooperate 

together in their solution (Komfield and Hewitt, 198 1; Lenat, 1975), drawing mutual 

profit from their distributed knowledge. DAI incorporates the idea by d i s t r i b u ~ g  a given 

task across a variety of processors, which then concurrentiy search their way towards the 



goal, communicating and exchanging useful information among them. Not surprisingly, 

this new paradigm is aiso confronted with its own set of problems and Limitations (Bond 

and Gasser. 1988, p. 10). Interestingly, they al1 have to do with communication and 

control: how to best decompose and allocate a given task among agents, how to insure 

that communication protocols are founded on a commoniy shared semantics, how to avoid 

harmful effects of local decisions, how to enable agents to represent plans and knowledge 

of other agents, how to reconcile disparate viewpoints and resolve conflicts ... This look 

pretty much like the problems ernotions serve to solve in social organisms bat  have 

developed them. a view that is aiso consonant with the concept of "augmented planning" 

that Oatley (1992, p. 31-36) sees as the principal motivation behind the advent of 

emotions in phylogeny. Our contention is that studies of emotions might provide DAI 

with powerful insights into the control structure it has laboriously and painstakingly k e n  

looking for. 

Our proposai also points towards useful empirical research to be pursued. Clearly. one 

has to question whether Our postulated set of eight basic ernotions shouid be enlarged or 

reduced and we contend that any convincing arguments on this matter will have to make 

provision for a Likely design. incorporatïng an evolutionary perspective. In a sirnilar vein. 

if the idea of functionally intemingied layers is adequate, it is nonetheless no easy task to 

provide evidence for such an ineicate arrangement, unless one looks at simpler organisms 

where the upper "deliberative" layer is still in the process of being built up. Hence the 

need for more comparative studies. As a research suategy, one should especially look at 

the border between layers. At the frontier between the instinctive and the emotional ones, 

the phenomena of imitation, motor mimicry and emotional contagion (Daucnhahn. 1995; 

Hatfield et al., 1992, 1994; Meltzoff and Gopnik, 1993; Meltzoff and Moore, 1994; 

Mitc heu, 1987; PovineUi and Eddy, 1996) constitu te a potentially promising field for 

further investigation. At the frontier between the emotional and the deliberative layers. the 

question of multiple memory systems (Sherry and Schacter. 1987; Squire, 1992; Tulving, 

1985). and notably the relation between emotions and episodic memory (Conway and 

Bekerian. 1987; Conway, 1990). certainly calls for further elucidation. Al1 of these 

should certainly make the already swarming field of emotion studies funher explode in 

many new fascinating directions! 



Chapitre 4. 

La spécification du modèle 
proprement dit 

L'objet du présent chapitre est de pdciser l'articulation de notre mod& et de formuler un 
certain nombre de spécfidons permettant &entueliement une implantation & saucnires 

de contdle "a caractère émotionneln au sein de  systèmes informatiques mdti-agents. La 
premi&~ section vise en particulier il relier le concept d'engagement, qui tient une place 
centrale dans notre conceptualisation des structures Cmotiormelles, à celui de mpération. 
sur lequel repose l'aptitude la "socialid" (Castelfranchi. 1990) et en conséquence, 

l'existence même des systèmes multi-agents. Nous présenterons ensuite deux articles, 

déjà pubiiés dans la communauté d'IAD (Aubé et Senteni, 1996a, 1996b), qui aruperont 
respectivement les deux derni8res sections du chapitre. 

4.1. De la coopération aux engagements: vers une structure de 
contrôle pour la gestion de la réciprocité 

Nous avons mentionne a quelques reprises dans les chapitres pré&dents le rôle explicatif 
que nous attribuons h la notion d'engagement d a m  notre effort pour 'dCsenvdoppern et 
mettre a jour les muges cachés de la "mhnique émotionnelle". Dans œüe d o n ,  nous 
allons tenter de montrer que œ concept constitue l'un des préquis  (arequiranents") du 

processus de coopération, sur lequel repose A son tour le fonctionnement. sinun 1 'existen- 

ce même. des espèces sociaies. Nous allons commencer par examiner un ceRain nombre 
de recherches portant sur 1'6volution de ce processus, qui soulignent justement la 
nécessité d'un mécanisme qui puisse offrir des garanties de réciprocité eatxe les individus 

éventuellement amenés B coopérer. Nous tâcherons alors de montrer que cette dciprocite 
requiert l'opération de structures motivationneiies de contrôle inscrites ("designed-in") 
chez les organismes sociaux de façon ii favoriser leur adaptation et leur survie- Dans les 



deux articles qui feront l'objet des sections suivantes, nous expliciterons la définition que 
nous donnons des engagements, comme ressources de deuxième ordre, fondant précisé- 

ment un type particulier de motivation, et commandant du même coup l'existence de 

dispositifs régulateurs destinés ii en assurer la gestion et le concrôle. 

4.1.1. Le problème de l'altruisme et de la coopération 

La coo@ration. qui constitue pourtant l'une des bases essentielles de la vie sociale, reste 
un ph6nomibe complexe et obscur. Quelles sont en effet les conditions qui président son 
kmergence dans un groupe. et qui assurent qu'elle s'y maintiendra? Dans des domaines 
comme le do-darwinisme et la sociobiologie. ce ph6nombne est probablement même. 
avec l'altruisme. celui qu i  s'avère le plus probIt5matique (Dawkins. 1976; Krebs. 1987; 
Wilson, 1975): 

If a l d m  is defïned as behavior that enhances the net fitriess of another individual at a 
net reduction of the fimess of the helper [...] then it should not evolve according to 
Darwin's principle of naniral selection. In the extreme case. individuals who inhent 
characteristics that dispose them to sacfice their lives for the sake of others would be 
less likely to survive and reproduce other individuais with such dtniistic characteristics 
than those who were more selfish. (Krebs. 1987, p. 83) 

Dans la perspective de la sélection naturelle, de la survie et de la reproduction des plus 
aptes. il est en effet difficile de concevoir que des organismes puissent, par pure 
gen6rosit& se priver delibérément, au profit d'autres organismes, de ressources leur 
garantissant de meiiieures chances de survie. Il est surtout difficiIe d'imaginer sur quelle 
base de tels comportements de sadice et d'abnegation. Maisemblablement "déficitaires" 
à long terme, peuvent avoir été sélectionnés en tant que solution adaptative au cours de 

iVt5volution. La question de la coopération pourrait, au premier abord. sembler moins 
problématique. Il est cependant important de comprendre que. dans la perspective 
d'imdividus cherchant chacun à maximiser leurs propres chances de survie et & reproduc- 
tion. la tendance d'un organisme ii coopérer facilement avec ses cong6n&res le rend du 
même coup extrêmement vulnérable ii l'exploitation. D'autres individus pourraient alon 
simplement tirer profit de l'aide apportée. sans offrir en retour de compensation 
fiproque. En ce sens, l'altniisme et la coopération constituent plus qu'un defi: ils vont 
apparemment il l'encontre de la "logique de la sélection natureileu et remettent ainsi en 
cause les fondements mêmes de la théorie de l'évolution, 



Iï y a quelques années, un chercheur en sciences politiques, Robert Axelrod (1984; 
Axelrod et Hamilton, 198 1). fit une expérience pour le moins originale en organisant un 
tuunioi informatique sur les stratégies de coopération enue deux individus. Intéressé 
comprendre comment la coopération pouvait être possible, et surtout si elle pouvait 
Cmerger "naturellementn de l'interaction, il utilisa comme contexte exp&imental le 
"Dilemme du Prisonniern (DP). il s'agit la d'un paradigme emprunté à la théorie des jeux 

et dont l'appellation est tirée de l'histoire suivante. Deux criminels ont commis un délit et 
sont appdhendés Cependant, bien que le procureur soit capable de les faire condamner 
pour des larcins ant6rieurs. il ne possède pas s u f f i m e n t  de preuves permettant de les 

inculper pou ce crimeci li compte donc sur leurs aveux, rencontre séparément les deux 

criminels et leur propose un marché. Si l'un d'eux avoue, il obtiendra une remise de 
peine, alors que l'autre écopera de la peine maximaie prévue. Si les deux avouent, le 

procureur n'a évidemment pas besoin d'offrir de faveur aucun, ni non plus de 
maximiser la peine. Par contre, 4 les deux prisonniers restent solidaires et se taisent, le 

procureur ne peux que les inculper pour les défi& mineurs antérieurs. Pour eux, ce 
pourrait être la meilleure solution, mais alors comment chacun peut-il être sûr que I'autre 

ne profitera pas & ce silence pour se retrouver seul il avouer et s'en tirer encore meilleur 
compte? D'où le "dilemmew, sur lequel compte évidemment le proaueur. 

La theone des jeux Btudie mathematiquement les conditions de décision chez deux ou 
plusieurs joueurs, disposant d'un répertoire de stradgies possibles, chacune assortie 
d'enjeux en ternes de gains ou de pertes &ment quantifiables et déterminés à l'avance. 
La figure 4.1 illustre l'une des formes possibles que peuvent piencire ces jeu. 

Figure 4.1 
Le paradigme du "Dilemme du Risonnier" 



La question est toujours de savoir s'il existe, pour l'un ou l'autre des joueurs. une 
stratégie gagnante, ou du moins une combinaison probabiliste de diverses stratégies qui 
puisse, à long terme, s'avfrer "optimale". Ce terme doit Cvidemment être interpdté ici 

selon la perspective de la "rationalité économique" (Simon, 1980) où les individus sont 
censés chercher, chacun de leur cÔt& à maximiser leurs gains et ii miaimiser leurs pertes. 
Dans l'exemple illustré A la figure 4.1, chaque joueur dispose de deux stratégies à son 
répertoire: la coopération (C) avec le partenaire de jeu, ou la defection (D), qui exprime la 

tendance à tirer profit de la bonne volonté de l'adversaire à coopérer. Les lettres entre 
parenth2ses représentent de gauche ii droite, les gains respectifs des joueurs A et B en 
fonction de chaque combinaison de choix: R signXe la "récompensen en cas de 

coopération des deux cô&; P. la "punitionn en cas de dtfection réciproque; T, la 
"tentationn il profiter de la coopération de l'adversaire; et N, la "naïveté" il se laisser abuser 
par l'autre. Pour qu'il y ait "dilemme du prisonniern, deux conditions particd2res doivent 
êae remplies: 

Règle 2: R > ( T + N )  
2 

La prernitke règle enonce que le meilleur gain (d'où la "tentationn) résulte de la defwtion 
alors que le partenaire est disposé à coopérer. La seconde meiUeure option est la cm@- 

ration réciproque, la troisième. la defection réciproque, et la pire est la &veté en face d'un 
partenaire non coopératif et profiteur. Comme la ddfection en présence de naiveté d o ~ e  le 
meilleur avantage, et qu'il y a peu de chance qu'un même joueur reste toujours naïf, on 

peut imaginer que les joueurs décident de s'entendre pour alterner ces rôles. La deuxième 
règle stipule cependant qu'en moyenne, à long terne, il y a plus d'intérêt dans la 
coopération réciproque que dans cette altemance calculBe entre les rôles de naïf et 

d'exploiteur. En ou-, il découle mathematiquement de ces deux règles que la coopération 
réciproque est également plus profitable qu'un jeu laissé compl&tement au hasard, et donc 

Comme valeurs possibles respectant ces régles, les joueurs pourraient obtenir 
respectivement un gain de trois (R=3) lorsqu'ils coopkrent tous les deux, mais de un 
seulement s'ils font tous les deux def~tion (P=l). Par contre, si l'un des deux seulement 
faisait ddfection pendant que l'autre coopère, il obtiendrait le gain maximum de cinq 
u=5), alors que son partenaire ne recevrait rien du tout (Nd)). 



Il est important de comprendre que les d6cisions sont prises simultanément, de telle sorte 

que l'un des joueurs ne peut attendre de voir si l'autre est disposé il coopérer avant d'opter 
de son côté pour la défection. Dans une telle perspective, il est faciie de voir que l'attitude 
"rationnelle" de chaque joueur est de choisir la defection. Le joueur A peut en effet se 
demander. en fonction de chaque stratégie de l'adversaire, quel serait son meilleur choix. 
Si B choisit de coopérer, A peut obtenir 5 au lieu de 3 en optant pour la défection. Par 

contre, si B choisit de ne pas coopérer. A obtient 1 au lieu de O en refusant lui aussi de 

coopérer. Comme les gains sont symétriques. cette analyse suggère que. dans un cas 

comme dans l'autre, aussi bien pour A que pour B, il est toujours plus profitable de ne 

pas coopérer, ce qui rapporte 1 point à chaque partenaire. Et pourtant, les joueurs pour- 

raient se mériter chacun un gain de 3 en se faisant mutuellement confiance et en 

choisissant de coopérer. Mais si A tire de ce raisonnement la conclusion que B coopérera 
nécessairement. il redevient possible d'extorquer un meilleur gain (5 vs 3) en ne coopérant 

plus, etc. La complexité de choix qu'entraîne un telle ambiguïté rend ce paradigme si 

attrayant, qu'il a été utilisé pour modéliser une foule de processus complexes, aussi bien 
en sociologie qu'en tconomie ou en sciences politiques, comme les dilemmes sociaux 
(Dawes, 1980; Hardin, 1968) ou la course aux armements. 

Le paradigme est encore plus intéressant lorsque le jeu est répété pour une longue pCriode, 

car l'intérêt de dkvelopper des mécanismes pemetmt  la confiance mutuelle et rendant la 

coopération moins périlleuse. devient alors madeste. Or on ne connaît toujours pas, dans 

le contexte de la theorie des jeux, de meilleure stratégie possible. alors que cela a pu être 

démontre mathkmatiquement pour d'autres paradigmes. Axelrod (1984) eut l'idée ingé- 

nieuse de lancer un rucimoi informatique, en demandant à divers experts en theone des 

jeux, recrutés principalement parmi les chercheurs ayant publié sur le sujet, de proposer le 
meilleur programme possible susceptible de "gagner" à long terme une joute du DP, 

caractérisée par les gains donnés plus haut en exemple (T=5, R=3, P=l. N a )  et 
comportant un sequence de 200 coups. Il y eut quatorze soumissions, provenant de 

chercheurs appartenant à cinq disciplines différentes: psychologie, sociologie, mathéma- 
tiques, économie et sciences politiques. Axelrod rajouta tgalernent à la liste un programme 
incorporant une stratégie purement aléatoire, e t  chacun des quinze programmes fut mis en 
compétition contre chaque autre, y compris contre lui-même. Bien que le score pour une 
partie puisse theonquement varier de O à 1000 points. dans le cas improbable où l'un des 
joueurs se laisse exploiter il chaque coup, il oscillera sunout entre 600 pour deux 



partenaires qui  coopèrent il tous les coups. e t  200 pour deux autres qui feraient au 
contraire systématiquement défec tioa 

Or la stratégie gagnante, à travers tout le toumoi, fut aussi rune des plus simples imagi- 
nables: T T  FOR T A T  0, que l'on pourrait traduire par "Donnant, Domant". 
s'agit d'une stratégie qui consiste se montrer coopératif au premier coup. et ensuite 
reproduire exactement le jeu l'adversaire au coup précédent: coopérer s'il l'a fait, sinon 

faire à son tour defection. Les stratégies plus complexes - coopéraut par exemple pour 
certains coups, puis faisant défection dans un certain pourcentage des cas. ou encore 
cherchant exploiter statistiquement la propension de l'adversaire tol6rer la d6fection - 
se sont toutes montrées moins performantes. La stratégie TFï remporta pour sa part un 

moyenne de 504 points s u .  l'ensemble des parties. Or une caractéristique importante 
permettait de distinguer les stratégies occupant la moitie supérieure au tableau de  
performance: eile avaient toutes fait preuve de "bienveillance", au sens où elles n'avaient 
jamais été les prernih-es B faire defection. Sur les quinze programmes en compétition, les 
huit meilleurs avaient tous cette caractéristique de "bienveiîlance", alors que parmi les sept 
derniers, aucun n'en avait fait preuve. Audela de toute interprétation morale, il faut 

surtout comprendre qu'aucune stratégie n'est jamais complètement significative en elle- 
même. et que sa performance globale est surtout déterminée par l'ensemble des autres 
stratégies auxquelis elle se trouve confrontée. 

Axelrod publia les résultats détaillés du toumoi. ainsi que son analyse de la caractéristique 
de "bienveillance", et lança un second tournoi. qui recueillit ceüe fois 62 participants. 
provenant de six pays differents, et rassemblant, en plus des cinq disciplines dt5jj9 
représentées au premier toumoi, des experts en informatique, en physique. et en theone 
de  l'évolution. Cette fois encore, TFT sortit grand vainqueur. En plus de la 
"bienveiIlancen, l'analyse des deux tournois révéla trois autres caractéristiques contribuant 
à expliquer la robustesse d e  cette stratégie: son "intol~rance" implacable B la défection, sa 
"miséricorden lorsqu'il y a retour la coopération, et sa simplicité d'application (ïes 
termes entre guillemets doivent dvidemment être entendus dans un sens purement 
mitaphorique, puisque la stratégie est appliquée de façon complètement mécanique). En 

effet, parce qu'il reproduit fidèlement le comportement précédent du partenaire, 'Fi' se 

trouve a 'sembler punir" toute defection, mais aussi "sembler pardonner", en devenant  
aussitôt conciliant, dès que i'autre se remet ik coo@rer. Par ailleurs, la smt6gie ne requiert 
ni une grande mémoire, ni une analyse ou un calcul statistique complexes des cornpor- 



tements anténeun de l'adversaire. Elie est dgdement suffisamment transparente pour 

qu'un partenaire sache facilement la reconnaître et réalise rapidement les profits qu'il y a il 
coop5rer en même temps que les risques qu'il y a à faire defection Les stratégies adverses 

qui se laissent trop facilement tenter par I'exploitation y perdent vite leur propre cumpte, et  

celles qui se montrent trop "rancunieres", se retrouvent enlis& dans une boucle de  

"punitions" réciproques fatalement déticitaires à long terme. 

ht&essé aux conditions d'émergence des attitudes coopératives, Axelrod s'interrogea 

ensuite sur les chances de survie e t  de reproduction de TFï dans une simulation à 
caractère "~volutionnisten. Comme le su& d'une stratégie donnée est relatif la nature 

des autres stratégies qui peuplent le même environnement, l'auteur imagina que chaque 

ronde du jeu corresponde une "g&&ation", et que chacune des 63 stratégies du second 
tournoi puisse être représentée par de multiples copies d'elles-mêmes, en nombre 

proportionnel il son propre score dans la partie. Une stratégie qui fait meilleure figure face 
à l'ensemble des autres, verra ainsi le nombre de ses "rejetons" augmenter, et verra 

notamment s'accroître sa chance de jouer contre des copies d'elie-même. Dans tous les 
cas, l'écologie de tels "organismes" risque de varier considérablement d'une generation ià 

l'autre, puisque la nature des partenaires variera t5galement, entraînant possiblement une 
moditication substantiefle des conditions ultérieures de succès - et de reproduction. Ainsi, 

une stratégie non coopérative reposant sur l'exploitation pourra paraître performante au 
début, mais elle contribuera aussi rapidement il la disparition des "proies" qui lui ont 

confkré son avantage, et se retrouvera par la suite de plus en plus souvent confrontde 3 
d'autres partenaires aussi "voracesn qu'elle-même. Une stratégie qui stav8re performante 
contre une grande variété d'au- programmes, subsistera plus longtemps, mais se vena 

alors confrontée aux meilieures des stratégies restantes - une situation qui refl&te assez 

fielement le principe de la sélection n a t u d e .  Encore là, les stratégies bienveillantes se 
maintinrent dans le peloton de tête, et TFT sortit grand gagnant. Dès la quinzilime 
gtn6ra tion, les stratkg ies occupant le tiers inferieur du tableau de performance avaient 

pratiquement toutes tté éliminées. Vers la miïïii3me g6nhtion.  TFT etait de loin la 

meilleure, et continuait de croîm à un rythme plus rapide que toutes les au= 

Axelrod se demanda finalement si 'T'FI' s'avérait une stratégie stable au plan tvolutif 

("evolutionary stable strategy" - ESS). On entend par lil une stratégie qui ne peut être 
envahie par aucune autre, issue par exemple d'une mutation fortuite. L'auteur aniva même 
A démontrer mathhatiquernent que, dans le contexte du DP, lorsque la probabiiid d'une 



renconm ultérieure entre les participants est suffisamment Blevée, me stratégie "t5goïstem, 
faisant toujours defection. ne pouvait pas envahir une population de TFT. Ce résultat 

enuaûie 2 son tour que, s'il existe dCjjà certains sous-groupes coopératifs au sein d'une 
population majontairement Cgo'iste, la snatégie coopérative aura tendance 2 augmenter et 
même il devenir majoritaire, plutôt qu'à être totalement tliminée. Axelrod qualifia de 
'stmcturée" une population contenant ainsi certains noyaux animés de stratégies 

particulières, telles ces "poches de résistancen il 1'6goïsme pur. Or l'existence de 
comportements parentaux dans la nature, notamment chez les mammifères et chez les 

oiseaux, garantit automatiquement qu'il y aura au moins quelques niches coopératives, ik 
partir desquelles une stratégie comme TFT pourrait prolifbrer. Axelrod crut pouvoir en 
tirer la conclusion que dtait une ESS, et ne pouvait donc plus être ciélogée une fois 
installée. 

Des travaux ultérieurs ont cependant &montré que, si TFI' ne pouvait être envahie par une 
stratégie mutante, certaines combinaiso~~~ de stratégies (plutôt que des stratégies isolks). 
dont l'existence est effectivement plausible dans un environnement naturel peupk? d'une 
diversité d'espèces, pouvaient par conm envahir et déloger une stratégie aussi robuste que 

TFî (Axelrod et Dion, 1988; Boyd et Lorberbaum, 1987; Lorberbaum, 1993; Nowak et 

Sigrnuad; 1994; Nowak, May et Sigmund, 1995). Ces d6moastratioas reposent toutefois 
sur le fait qu'au moins l'une des sûaîégies envahissantes soit de nature bienveillante, et 
fort semblable elle-même à TFT. Par aillem diverses simulations infornatiques qui ont 

mis en jeu une grande vari6t.é de stratégies opérant, dans une perspective &olutionniste, 
selon le principe de la d1ection naturelle, ont g6ndraiement fait ressortir le succès et la 
robustesse de stratégies coopératives, basées sur la dciprocid, et constituant pour la 
plupart des variantes fort avoisinantes de TFT ( A x e l d ,  1984; Glaace et Huberman, 
1994; Lomborg. 1992; Nowak et Sigmund; 1994; Nowak, May et Sigmund, 1995). 

Ces recherches rédleot donc que, même dans la perspective "6goïsten de la theone de 

1'~volution et de la sélection natureiïe, la coopération s'avere non seulement possible. mais 
qu'elle est même avantageuse et adaptative, à la condition toutefois que soit mis en place 
un mécmisme & "contrôle" assurant une base de réciprocité entre les partenarpartenarres. Or Or est 
intéessant de constater que, dans l'espèce humaine à tout le moins, il semble exister une 
teile "norme de réciprocité" (Gouidner. 1960; Mauss, 1950): 

We owe others certain things because of what they have previously done for us, 
because of the history of previous interaction we have had with them. It is  this kind of 



obligation which is entailed by the generalized n o m  of reciprocity. [...] A n o m  of 
recipmcity is, 1 suspect, no l e s  universal and important an eiement of culture than the 
incest taboo. (Gouldner, 1960, p. 171) 

Cette norme est considé& par les sociologues comme un "fait social" @urkheim, 1947; 
Mauss, 1950). du fait de son extrême g6nhlité à travers les soci6th et les cultures, et de 

par l'action coercitive qu'elle semble exercer sur les consciences, en contraignant des 
pratiques sociales d'échange particuli&res et d6terminées. Elle constitue par ailleurs un 
concept central en theorie sociologique, puisqu'elle rend compte des phénomènes de 

stabilité et drnstabilité dans les systemes sociaux: 

[...] unequal exchanges of goods and services are socially disruptive [...] Social 
system stability, then, presumably depends in part on the mutually contingent 
exchange of gratifications, that is on reciprocity as exchange. [... Reciprocity] is the 
pattern of exchange through which the mutual dependance of people, brought about by 
the division of labor, is real.kd. (Gouldner, 1960, pp. 167-170) 

En bref, la stabilie, sinon l'existence même d'une structure sociale, repose sur la cm#- 

ration, laquelle n'apparaît & son tour possible qu'en fonction de l'existence d'une norme 
de r&iprocité, qui est effectivement constatée genéralement travers la recherche 
sociologique et anthropologique. Cet argument de stabilité sociale est cependant probléma- 
tique du point de vue de la théorie contemporaine de l'évolution (Krebs et Davies, 1987). 
car il semble faire reposer l'émergence du comportement de réciprocité sur la notion de 

'sélection de groupe", c'est-Mire sur œ qui est le plus favorable pour le groupe, plutôt 
que pour l'individu lui-même. Or, il y a & bonnes raisons de croire que œ soit L'individu 

plutôt que le groupe qui constitue le lieu priviit?g% où opère la séiection. notamment parce 
que le rythme de remplacement des individus est forcément plus rapide que celui des 

groupes, et parce que la mobilité spatiale des individus (enuaînant la dispersion de leurs 
&na)  est egalement plus grande que celle des groupes. C'est donc ii l'intérieur même des 

individus qu'il convient de rechercher les rouages, biologiques et psychologiques, qui 
sont responsables de la mise en place, du maintien et de la régulation d'un dispositif tel 
celui qui se manifeste à travers la norme de réciprocité. Comme le rappelle en effet le 
biologiste Trivers, à propos de I'6volution de l'altruisme réciproque: 

The human altruistic system is a sensitive. unstable one. Often it will pay to c h a t  [...] 
Given this unsrable character of the system, where a degree of cheating is adaptive, 
naniml selection will rapidiy favor a complex psychological sysiem in each individual 
regulating both his own altmistic and cheating tendencies and his responses to these 
tendencies in others. (Trivers, 197 1, p. 48) 



Selon ce theoncien de l'Cvolution, les structures émotionnelles sont appanres et se sont 

développées pour remplir précisément cette fmctioa Ainsi, la tendance à créer des liens 
d'attachement, d'amitie ou d'intimité viserait justement ii favoriser les comportements 

d'échange et d'altruisme réciproque, tout en réduisant les risques d'exploitation. Par 
ailleurs, la colére et l'indignation qui, dans une grande diversité de cultures, sont asso- 
ciees B des situations d'injustice ou de transgression, senhient  un triple  bu^ kiner la 
tendance à coopérer lorsqu'il n'y a plus réciprocité; sensibiliser le partenaire - et même les 
observateurs - aux risques qu'il y a tromper la c o ~ a n c e  Ctablie; et dans les cas 

extrêmes, effrayer, punir ou ostraciser les exploiteurs, sinon canément Les eliminer. La 
gratitude aurait pour fonction de sensibiliser les individus aux comportements altruistes en 
y attachant une gragfication importante et significative, alors que la culpabilité jouerait un 
tale d'autopunition, en même temps que de signal réparateur auprès du partenaire afin de 

permettre le rétablissement des attitudes coopératives 

Bien qu'a partir d'un point de vue different, Herbert Simon (1990b) proposa lui aussi un 
mécanisme permettant de rendre compte de l'apparition de comportements aiuWstes, et 
nécessitant egalernent le recours aw stnictures émotionnelles. Son argumentation repose 

. essentiellement sur le principe de la rationalité Limitée ("bounded rationaLityn). qui 
constitue l'un des postulats de base de la science cognitive contemporaine (Simon, 1980, 
199ûa). Ce concept exprime le fait qu'en dehors de situations aiviales, un individu peut 
rarement disposer de toutes les connaissaflces et de tout le temps requis pour assurer qu'il 
adoptera, en chaque circonstance, la meilleure éecision possible. Cene limitation in&- 
&que plaide en faveur & ce que Simon appelte la "docilité", c'est-&-dire la disposition à 

recevoir des autres une partie de l'information requise, et en conséquence à accepter leur 
ifluence: 

The human species is notable, aithough not unique among animals, in requiring for 
survival many years of nurture by adults. In most hurnan societies, the sumival and 
fitness even of adults depends on the assistance, or at least forbearance, of other 
adults. Leaving aside active hostility from others, even access to food and shelter 
cannot be ensured in most societies without the consent of others. (Simon, 1990b, 
p. 1666) 

L'adaptabilité d e  l'espèce humaine repose en effet sur l'exploitation d'une multitude de 
faits et de connaissances que nous n'avoas pas tous eu  l'opportunité d'observer ou de 
v&ifïer par nous-mêmes, mais qu'il est pourtant avantageux d'accepter tels quels Ainsi, 



la plupart des enfants ont appris de leurs parents à ne pas toucher aux ronds brûlants des 

poêles et B ne pas courir à travers les rues achalandées, sans avoir cependant dû en 
eprouver par eux-mêmes les conséquences douloureuses. Même comme adultes, nous 
acceptons assez facilement de la part d'expeiis des conseils qui nous semblent judicieux 
ou bén6fiques. par exemple lorsquiils proviennent de notre médecin, de notre dentiste ou 
de notre conserlIer fiscal 

Simon suggère donc de mettre profit ce type de "docilité" afin d'inculquer la majorité 
des individus des pratiques altruistes adaptatives, et le modèle qu'il propose à cet 6gard est 

fort simple. Supposons que les individus à tendance altruiste et ceux ii tendance égoïste se 
répartissent respectivement dans la population avec une probabilité de p et de (1-p). 
Supposons en outre que le nombre de rejetons obtenus normalement suit de X, que les 
comportements alhuistes résultent en une contribution moyenne de b rejetons additionnels 
pour chaque membre de la soci6té (aussi bien tgoïste qu'altruiste), mais que le surplus 
d'efforts requis impose aux seuls altruistes un coût se traduisant par une diminution de c 

rejetons. Le nombre de rejetons obtenus par chacun des sous-groupes sera donc de: 

N A = X + b p - C ,  p ~ ~ r   le^ dauistes 

NE = X + bp, POU  le^ 6g0St.e~ 

Supposons par ailleurs que la "docilité", telle qu'entendue plus haut, donne accès, pour 
les individus qui y souscrivent, ii des ressources qui résultent en d rejetons additionnels. 
Rusque les comportements de coopération sont, comme on l'a vu plus haut, g6n&alement 
bén&iques 2 i  long terme. mais que la tentation de faire âéfectioo est toujours présente, 
supposons maintenant que l'altruisme doive être acquis par le biais de cette docilité, de 

sorte que la population des altruistes coïncide désonnais avec celle des dociles. La 
&partition des deux sous-groupes est alors la suivante: 

ND = X + bp + d - c, pour les dociles-altruistes 

N E = X  + bp, pour les tgobtes 

Pour que l'altruisme puisse croître et s'installer dans la population, il don que le 
gain résultant de la docilité excède le coût entraîne par I'altniisme (d - c > O). Toutefois, 
comme pour toute transmission de connaissance nécessitant la docilité, il n'est justement 
pas evident pour le béneficiaire que les comportements prescrits soient effectivement les 
plus avantageux, et il faudra donc que l'apprentissage soit consolide par une intervention 



sociale appropriée des parents ou des pairs. C'est ici qu'interviennent, selon Simon, 
divers mécanismes de contr6le il caractère ~motiomels, comme la fierté et la gratiade, la 
honte ou la culpabiliti?: 

Moreover. guilt and shame wiU tend io enforce even behavior that is perceived as 
altruistic. [...] nurturing and enforcing behavior wiIl be leamed as an essenlia1 
cornponent of the proper behavior of altniism. In enforcement are included carrots as 
weii as sticks - praising and numuing others who exhibit proper behavior, as well as 
frowning on. shunning, or otherwise punishing those who do not. (Simon, 1990b. 
p. 1667) 

Bien que moins &borée. cette vision converge quand même passablement avec celle de 

Trivers, notamment au sujet de la fonction des hotions comme mécanismes réguiatem 
des comportements de réciprocité. Il est par ailleurs indressant de retrouver chez MinsLy 
une idée tout-&-fait analogue celle de Simon, quant à I'importaace et à la fonctioa des 
émotions dans la transmission de valeurs et d'idéaux - comme celui de I'altniisme - d'une 
g h h t i o n  l'autre, par le biais de ce qu'il appelle "l'apprentissage-par-attachement". et 
auquel nous avons déj jà fait allusion dans les chapitres 2 et 3: 

[...] Our g e n s  must build some sort of "general-purpose" machinery through which 
individuals can acquire and transmit goals and values from one generation O another. 
[... Ij suggest that this is done by exploithg the kinds of personal relationships we cail 
emotional, such as fear and affection, attachent and dependency, or hate and love. 
(Minsky, 1985, p. 164) 

4.2. Présentation des deux articles 

Il est donc possible que la coopération puisse Cmerger "naturellement" dans l'6volution 
des espèces. puisqu'elïe offre des béngfices substantiels pour la sunrie, en ternes de 

ressources additionnelles souvent inaccessibles autrement Mais elle requiert pour sg&ablir 
une attitude de fiprocité entre les partenaires, dont il est assez facile de démontrer que le 
maintien restera par principe fragile, en face des risques d'abus toujours plus avantageux 
lorsque l'exploitation s'effectue de façon unilatdrale. Dans cene perspective, il existe un 
espace de contraintes ("requirements") favorable ii l'apparition de dispositifs régulateurs 
de la réciprocitb, et certains théoriciens, en thdone de l'bvolution aussi bien qu'en 
intelligence artificieile, ont dbjja pointé vers les processus émotionnels comme candidats 
potentiels pour remplir, au moins en partie. une telle fonction L'objectif des deux articles 



qui suivent est donc d'expliciter le fonctionnement de tels mécanismes, a f h  d'en permettre 
éventuellement une implantation utile au sein de systèmes informatiques multi-agents. 

L'un des concepts fondamentaux autour duquel s'articule notre théorisation est celui 
d'engagement ("commitment"), qui occupe une place privilbgiée en IAD (Bond, 1990; 

Bouron, 1992; Cohen et  Levesque, 1990a; Dongha, 1994; Fies, 1982; Gasser, 1991; 
l e ~ i n g s ,  1993; Shoham, 1993; Winograd et Flores, 1986). L'interprétation la plus 

dpandue reste cependant plus individuelle que sociale, et consiste iî d é f k  cene notion 
essentiellement en terme de persistance dans la rwsa t ion  des buts que s'est fixés 
l'individu concerné. Cette notion est alors intimement liée à celle d'intention, et vise à 

rendre compte des conaaintes qui semblent imposer, aux sysemes doués de rationalité, de 
s'en tenir aux intentions choisies ("Intention is cho ie  with commitment" - Cohen et 
kvesque, 1990a). En effet. comme l'exprime Egalement Bratman (1990), les concepts de 

plans, de buts, d'intentions et de persistance sont tous indissociablement reliés: 

Deliberation is a process that takes t h e  and uses other resources [...] By settling on 
future-directeci intentions, we aUow present deliberation to shape later conduct [...] 
Future-directed intentions help faditate both intra- and interpersonai coordination. 
How? Part of the answer cornes from noting that future-directeci intentions are 
typically elements of larger plans. [...] Plans, as 1 shall understand them, are mental 
States involving an appropriate son of cornmitment to action. (Bratman. 1990, pp. 18- 
19) 

Or, comme on a pu le constater au chapitre 2, ceae conception des engagements en terme 
de persistance est aussi celle qui prévaut actuellement dans le contexte des recherches sur 
la motivation scolaire (Viau, 1994). Elle garde cependant un caractère plus descriptif 
qu'explicatif en désignant, sans toutefois véritablement l'expliquer, une contrainte notoire 
des comportements de pIdcation et d'atteinte des buts. En fait, il serait plus exact de 

dire que le seul éltbent explicatif concerne la gestion des ressounzs et renvoie au p ~ c i p e  
de la "rationalité limitéen. Il existe cependant une autre interprétation du concept 
d'engagement, caractère plus "sociologique" cet?e fois, et cherchant il rendre compte de 

la mécanique sous-jacente à l'expression de la convainte observée. L'histoire suivante, 
rapportée par Becker (1960 - l'année de publication explique pourquoi les montants 
semblent si peu Clevés par rapport aux taux d'aujourd'hui!), sert à e n  expliquer le 
fonctionnement et cenaines des implications: 

Suppose that you are bargaining to buy a house; you offer sixteen thousand dollars, 
but the selier insis& on twenty thousand Now suppose that you offer your antagonist 



in the bargainhg certifieci proof that you have bet a third party five thousand dollars 
that you will oot pay more than sixteen thousand dollars for the house. Your opponent 
must admit defeat because you would lose money by raising your bid; you have 
comrnitted yourself to pay no more than you originaily offered. (Becker, 1960. p. 35) 

Cet exemple illustre trois caractéristiques fondamentales qu'il importe de prendre en 
compte lorsque l'on cherche ii élucider en quoi consistent les engagements, et comment iIs 
opèrent sur la gestion des intentions. Il y a tout d'abord un aspect essentiel de mtivun'on, 

La personne a en effet construit son propre engagement sur la mobiiisation explicite 
d'auues intérêts qui se cumulent a ceux qui sont dejjà en jeu. Il y a ensuite une question 
très nette, et clairement quantifiable, de ressource à gagner, ou du moins jà 6viter de 

perdre. En effet, rengagement est avant tout un "engagement de ressourcesn, qui se 
retrouveront dès lors automatiquement en péril si l'engagement n'est pas tenu. Et 
fuiaexnent, il y a un autre agent, témoin et garant de I'engagemenf qui en valide d'une 
certaine façon la réalité et en garantit la stabilité. Becker gtnéraiise alors cette troisi2me 
caractkristique en suggdrant que, du simple fait de son appartenance une organisation 
sociale. l'individu se retrouve automatiquement implique dans m e  multitude de paris 

secondaires ("side betsn) du même genre qui l'engagent comme malgré lui, et contraignent 
son activité. Ces trois caractéristiques, bien que géntralement peu développées par la suite 
dans la littérature, nous apparaissent fondamentales pour la compréhension du concept 
d'engagement, et du même coup, eues nous permettront ultérieurement une rémcation 
des conceptions individuelle et sociale du terme, notamment par le biais de ce que nous 
avons choisi d'appeler ressources de dedème ordre. 

La perspective sociologique introduite par Becker a été approfondie par Gerson (1976)- 
Bond (1990) et Gasser (1991). Reprenant ik leur compte l'intuition de George Herbert 
Mead (1934) ii l'effet que i'individu ne préexiste pas la société, mais que l'un et l'autre 
se genèrent mutuellement dans un processus de constante interaction, ces auteurs 
réinterprètent les engagements comme un phénom&ne hergent: "Cornmitment from the 

social perspective is punded in the action of many agents' activities taken together - it is 
not a matter of individual choicen (Gasser, 1991, p. 114). Ces interactions multiples 
induisent des contraintes sur les ressources ("mutuaüy agreed constrain ts on action, belief 
and world staten, Bond, 1990. p. 21). genkrant par là même l'ordre et la stabilité sociale: 

[...] patterns of cornmitment flow [... are] the "substance" of order. [...] 
Cornmitments and their organization m u t  be expressed in terms of resources and 
constraints upon their use. [...] "What is negotiated," therefore, are patterns of 



cornmitment organization, as expressed in flows of ressources and consuaints upon 
them. (Gerson, 1976, p.799) 

Nous ne sommes pas très loin, comme on peut le constater, de la "norme de réciprocité" 

mentionnée plus haut en tant que préalable à la coopération et responsable, selon Gouldner 
(1960)- de la stabilite sociale. Ii nous semble cependant que le concept de réciprocité 

repose lui-même sur celui, plus g6drai, d'engagement C'est précisément la dation entre 

ces différents concepts d'engagements, de motivation et de ressources que nous avons 

tend d'expliciter et d'articuler de façon plus coh&ente dans les deux articles qui occupent 

les deux demi8res sections de ce chapitre, et qui ont tté présentés dans deux communautés 

internationales diff&entes, l'une en IAD, et l'aum en robotique et vie amficielle. 

Nous y affirmons tout d'abord que l'autonomie d'un agent repose essentiellement sur le 

contrôle de sa motivation, c'est-à-dire sur sa capacité à déterminer lui-même ses propres 
buts. Par ailleun, nous identifions comme but ultime celui de la survie de l'agent, laquelle 
repose son tour sur l'accès aux ressources. La motivation apparaît ainsi nécessairement 

ddterminée par la gestion des ressources. Nous distinguons ensuite deux catégories de 

ressources, les ressources de premier ordre, comme l'eau ou la nourriture, qui sont 
directement accessibles ii un agent, et celles de deuxième ordre, qui ne sont accessibles 

que par 11interm6diaire d'un autre agent, engagé à les fournir. Il est important de 

comprendre que ce n'est pas l'agent médiateur qui constitue comme tel la ressource, mais 

plus spéciflquement ce qui l'amène ou le contraint à rendre disponible au premier agent 

une ressource quelconque. Auaement dit, c'est l'engagement proprement dit qui constitue 

effectivement la ressource! Cette definition particulière nous permet d'etablir une 

distinction très nette entre besoins et &notions. deux catégories motivatiomelles souvent 

partiellement confondues. Nous restreignons ainsi l'appellation de besoins aux méca- 

nismes de contrôle qui gèrent les ressources de premier ordre, et réservons celle d'&no- 
tions aux mécanismes qui gèrent les ressources de second ordre. C'est aussi ce qui nous 

amènera à conférer aux émotions un caractère strictement "social". La taxonomie des 

Cmotions que nous présentons par la suite, sur la base de leurs mécanismes respectifs de 

déclenchement, est celle qui a dej jà dd justifiée abondamment dans le chapitre p&&nt 

Dans le premier article (AuM et Senteni, 19%a), nous &ablissons en outre un lien original 

entre les actes de langage et l'expression des tmotions. L?L encore. c'est la d 6 f ~ t i o n  

particulière que nous proposons du concept d'engagement qui nous autorise ce 



rapprochement Nous expliquons en effet que notre conceptualisation des émotions 
comme rnkanismes régulateurs des engagements implique l'activation de séquences 
d'action visant à protéger les ressources de deuxieme ordre mises en Nd, B compenser 
pour les deficits encourus, ou à gen6rer de nouveaux engagements. Certaines de ces 

actions sont en fait des actes de communication, réifiés à rravers l'expression même des 

émotions. Or c'est précisément l'originalité de la théorie des actes de langage (Austin. 

1960; Searle, 1969, 1979; Vanderveken, 1990) que de concevoir les Cnonch verbaux 

comme des v&icules efficaces des intentions, qui se traduisent alors par des actions 
concr&es portées sur le monde extérieur, ou parfois plus subdement sur les croyances et 
les intentions mêmes des autres interlocuteurs, pour genérer à leur tour de nouvelles 
séquences d'actions. 

La théorie des actes de langage s'inscrit en fait à l'intérieur d'une thbrie plus large sur 
l'intentionnalité (Searle, 1983) à l'intérieur de laquelle les engagements occupent une place 

de premier choix. Winograd et Flores (1986. voir aussi Winograd, 1988) font effective- 

ment ressortir que les enon& verbaux expriment ou commandent fonci&rernent de la part 
des interlocuteurs des engagements qui rendent ainsi possible la coordination sociale. Or 
nous avons justement tenté & demontrer, dans le chapitre précedent, que l'intentionnalité 
constituait précisément l'une des caractéristiques essentielles de la "couche de contrôle 
&no tiomelle". Comme le mentiorne d'ailleurs Frijda: 

Much of emotional behavior is intentional behavior [...] Many emotions can be 
&hed by an intentionol structure: that of maintaining or changing a given kind of 
situation, and doing that in certain ways, with respect to certain aspts of the 
given situation and with regard to given kinds of object in those situations. niey 
CM ofien be more closely, more appropriately, and more specijcally &md in 
this mariner than Ui my other. (Frijda, 1986. p. 98; les italiques sont de nous) 

Ainsi, la colére explime souvent l'intention d1t51iminer ce qui  fait obstacle l'atteinte du 

but visé, et l'expression de aistesse lance généralement un appel a l'aide et à la protection. 

Pourtant, la théorie des actes de langages, qu i  porte essentiellement sur les 6noncCs 
verbaux, arrive mal ii intégrer cette notion, en la confinant à la catégorie des "acles 
expressifs", qui se retrouvent gén6ralement laissés pour compte dans les applications 
formelles de la theorie. Nous prQpOSOllS alors d'introduire l'idée d'actes t5motionnels. 
comme mode d'expression plus primitive et non verbale, néanmoins orient& vers la 
gestion des engagements. Cette modification permet de contourner les ambiguïtés des 
taxinomies existantes, et suggere du même coup des pistes nouvelles à explorer pour la 



compréhension de la nature et de lëvolution de la communication chez les animaux: le 
chien qui couine ou jappe pour obtenir sa pitance, n'obtient de résultat que par I'enga- 
gement à le nourrir qui est ainsi soilicité chez son maître, et le grondement qui empêche 

rinaus de transgresser la frontiere du territoire opère égaiement par le même dynamisme. 

Par ailleurs, au moment de  soumettre cet article, nous avions encore en tête l'idée 
d'utiliser comme banc d'essai le problème des agenda dism*bués. C'est ce qui explique 

que l'on retrouve à la section 4.3.5 une analyse sommaire de ce problème, ainsi qu'un 
apegu des sptkifications que nous étions en train d'élaborer iî ce moment, en vue d'une 
implantation dans le langage à base d'acteurs Actaik (Briot, 1994), construit au-dessus de 
Smalltalk-80. Nous avons déja exposé au chapitre premier, dans la section sur les 
considérations méthodologiques, les raisons qui nous ont fmaiement conduit écarter 
cette possibilité. 

Le second article (Aub6 et Senteni, 1996b) commence par approfondir la question de 
l'autonomie en 6numérant certaines des contraintes qui requi6rent cette proprit?té daas la 

conceptualisation des agents, comme condition de leur adaptabilité la complexité des 

systèmes ouverts (Hewig 1985, 1991). L'autonomie est ainsi rattachée à la motivation, 

en invoquant la capacité pour un système donné de d6terminer ses propres buts. ce qui 
soulBve une fois de plus la question de la gestion des ressources. La présentation du 

concept d'engagements comme ressources de deuxième ordre, ainsi que des émotions 
comme opérateurs des engagements, recoupe alors d'assez près l'analyse qui  en a 6t.é ffaite 
dans l'article précedent La figure 4.4 illustrant t'interaction entre les deux systèmes de 
contrôle que constituent respectivement les besoins et les tmotions, offre cependant une 
repdsentation plus ficièe que celle de la figue 4.3, en les présentant comme deux couches 
superposées, apparues successivement au cours de i'évolution, la seconde s'appuyant sur 
la première dans la lignée de l'architecture de "subsumptioa" de Brooks (199 1 b). L'origi- 
nalité du texte repose cependant surtout sur la section 4.4.4, "The emotion engine", qui 
élabore de façon plus détaillée les spécifications requises pour une Cventueiie implantation. 

L'utilisation du système de gestion des exceptions (Dony, 1990) comme stnicture de 

contrôle privilegiée pour la prise en charge des uitemptions de calcul ("computation") en 
présence de certains signaux critiques avait C i e  bribvement annoncée dans I'anicle 
précédent et est plus d6taillée dans le second. Nous avons en passant pu vérifier au plan 

idormatique que cette fonctionnalité de SmaIltalk etait egalement opérationnelle dans le 



contexte de calcul & base d'acteurs, où la propagation des signaux d'interruption doit se 
faire en mode asynchrone, par le biais de la boîte aux l e m  & chaque acteur. Par ailleurs, 

la spécification des signaux de déclenchement a 6té largement détaillée au chapitre mis, 
la section 3.2.4.3, "The elicitation structure*. Les actions il exécuter par les "emotional 
handlers" en cas de déclenchement approprie, sont celles qui, dans le chapitre trois. 
section 3.2.3.5. correspondent au répertoire d'actions spécifie dans le script rattache il 

chaque catf5gorie Cmotionnelie. Parmi ces actions, il faut notamment inclure les "actes 

émotionnelsn d'expression dont nous avons parle plus haut dans la présente section. 

Pour que l'implantation de notre structure de gestion des engagements soit opérationnelle 

e t  effective, il nous semble absolument incontournable que chaque membre d'un système 

multi-agent partage la même "ontologie". Cela siwe notamment que le câblage doit être 

tel que les signaux émotionnels s'av&rent mutuellement contraignants. Cette spécfication 

relève des proprietés mêmes d'un système motivatio~el.  Ii est important de comprendre 

en outre que, pour un s y s t h e  le moindrement complexe, un câblage purement réactif 

pourrait difficilement rencontrer les exigences d'adaptation. Si un animal, par exemple, 

devait attendre d'être en deficit grave & substances nutritives, avant même que ne soit 
activé le mécanisme régulateur de la faim, il y aurait de fortes chances pour qu'alors il ne 

dispose plus de suffwmment d'energie pour enclencher la recherche de noumture, qui 

n'est pas toujours immtdiatement accessible dans un environnement ouvert et complexe. 

ll faut donc supposer l'existence de mécanismes internes de plaisir ou d'inconfort, 

capables de rnediatiser ou canément de  "générer" la motivation requise, en fonction 

d'indicateurs d'une variation significative du " stockn de ressources internes (La pierre et 
Braun, 1992; Lindsay et Nomao. 1972). Réciproquement, on sait que le mécanisme de 

satiete ne repose pas non plus sur le agnd que I'energie q u i s e  a été régCn6rée. puisque 

le processus de digestion est beaucoup plus lent que celui d'ingestion, et que l'animal 
risquerait alors de s'endommager lui-même à trop ingurgiter. La même logique doit 
forcément s'appliquer ici à la gestion des ressources de deuxième ordre: au-dela d'une 
relation directement et immédiatement fonctionnelie entre un evhement potentiellement 

déclencheur et la réponse tmotionnelle appropriée, il faut donc concevoir l'existence de 

processus intem8diaires aptes B dttecter des signaux constituant des indicateurs 

relativement fideles des ressources qui sont compromises (par un obstacle ou un danger), 

ou exceptionnellement favorisées (par le biais d'oppominités inespérées). 



C'est ce qui explique par exemple que l'attachement parental, qui offrira vraisemblable- 
ment des gains réciproques, mais seulement & long terme, puisse quand même se produire 

sur la base de signaux activant & façon quasi irrépressible cette motivation intermtküaire. 
Minsky postule cet Cgard que le cerveau de l'enfant est équipé gen6tiquement pour 

l'émission de signaux sociaux assurant la coordination de ses comportements avec ceux 

des adultes qui l'entourent, "by m a b g  the agencies inside those other people's brains 
available for exploitation by the agencies in the infant's brainn (Minsky. 1985, p. 297). 
Cette exploitation des ressources de l'adulte, assu& essentiellement par le biais des 

messages émotionnels, s'effectue d'ailleurs avec une exuême efficacité: 

[...] adults are made to fmd those signals irresistible: there must be special systems in 
our brains that give such messages a high prio~+ty. [...] My guess is that they're wired 
to the remnants of the same [agents] that, when amuse& causeci us as infants to cry in 
the f i t  place. This lads  adults to respond to babies' cries by attributhg to them the 
same degrees of urgency that we ourselves would have to feel to make us shnek with 
sirniiar intensity. (Minsky, 1985, p. 17 1) 

Ces consid6rations sugg8rent que le modèle informatique proposé ici est egalement plau- 
sible au plan neurophysiologique. Une aum originalité du second article consiste dans 
l'id& de "stmctures d'engagements long terme", tels le pouvoir et l'affiliation. Il est im- 

portant en effet de comprendre que le pouvoir d'un agent n'existe que s'il est reconnu par 
d'autres agents. Perdu sur une Tle üetrangere. aucun monarque ne conserve grand pouvoir! 
Autrement dit, le pouvoir repose essentiellement sur les engagements, implicites ou expli- 
cites, d'autres agents à reconnaître et favoriser au premier un accès privil6gie A certaines 
ressources (taxes et impôts, respect des lois, obéissance civile, service militaire...). 
L'attachement offre un autre exemple de structure d'engagements, qui s'accumulent ou 

diminuent au gré de lhistoire des interactions. sous I'effet des operateurs des engage- 
ments que constituent les Crnotions de joie, de gratitude, de tristesse ou de col&re. Une 
fois les engagements definis de façon dynamique sous la forme "acteursn tel que nous le 
proposons, il est possible d'envisager le "stockage" de ressources de deuxi&me ordre, tout 
comme cela est naturellement possible chez les organismes vivants pour les ressources de 
premier ordre, par exemple sous la forme de graisse ou de réserve d'eau dans les tissus. 
Cela nous permet d'intégrer facilement ii notre modèle les phtnomènes reliés aux hiérar- 

chies de pouvoir, gt5n&aiement intirnement liés au déclenchement et l'expression des 
émotions, ainsi qu'a toute la richesse de nos attachements A long terme. Le texte se 
termine en illustrant comment ces concepts d'engagements à long terme rendent alors 

possible la compréhension de l'anecdote rapport& par Lorenz au debut de Varticle. 



4.3. Emotions as commitments operators: A foundation for 
control structure in multi-agents systems3 

Abstract. Typically, multi-agent systems (MAS) rely on sociological theory and use 
centrally the concept of commitment A defhtion. as well as a tentative computational 
mode1 of this concept, emerge from research in sociology and in cornputer science, 
Leading naturally to the study of resource management We c l a h  that effective resource 
management in a distributed system requires a powerful control structure yet to be 
founded. We then propose a mode1 of control that stems from the psychology of human 
emotions as part of the fundamental d e f ~ t i o n  of more autonomous and adaptive multi- 
agent systems, 

4.3.1. Introduction 

In the beginning of theK axticle, Intention is Choice with Cornmitment, Cohen and 

Levesque (199ûa) introduce Willy, the household robot, who gets into trouble for not 

handling commitrnents properly. In the example. Willy is fmt asked to b ~ g  a beer, and 

intends to do so, but then decides to adopt some other goal. It is thus shipped back to the 

manufacturer for lack of cornmitment Having k e n  returned to its master, the robot is 

asked again for a beer. This time though, the master drops his request when he l e m  that 

the make of the beverage is not his prefemd kind Yet Willy sticks to the order, brings a 
beer, and ends up being sent to the shop, for the reason of king overcornmitted After 

funher tuning, the robot finally gets home, having been supposedly wired-in with the 

proper sense of commitment Again, Willy is asked for a ber ,  acaiaiiy the last one that is 
left in the fridge. Understanding correctly that its commitment will be over if it is 
impossible to fulf"i, Wiily deliberately smashes the bonle against the wa1.L In spite of its 

subtle reasoning capacities, the m bot ends up being ... dismantled ! 

The question we want to address here is how such a system as Willy could becorne 

capable of adjustingfiom within to the proper level of commitment, instead of having to 

be corrected and tuned up totally f rom the outside. In other words, what kind of 

mechanism should be designed inside of an agent so that it would handle variations of 

cornmitmena by itselt This question will lead us to reconsider the relations between some 

Publie sous: Aube. M. and Senteni A (1996a). Emotions as mmmitments operators: A fomdation 
for conwl sûucaire in rnulti-agents systems. in W. Van de Velde and J. W. Perram, (Eds.), Agents 
Oreuking moy, Roaeduigs of the 7th Eiar,pean Workshop on MAAMAW. Lecatre Notes on 
Artifidal latelligeace, No. 1038. (pp. 13-25). Beriin: Sprioger. 



of the basic concepts in distrïbuted artif~cial intelligence @Ai) such as: autonomy, 

motivation and resource management. 

Communities of cooperating autonomous agents, as weii as human societies, use 
cesources whose management is at the core of any organized activity. Resources are 
defined here more or less as energy is in physics: it basically arnounts to the cost of work 

or actions. Within animais or anima&, ne&, such as hunger and thirst, appear to be the 

motivational processes that insure management and reg dation of directl y consumable 

resources, be it available food or water for animals or processing time for a computer. 

These arefirst-order resources. Besides, there exist second-order resources, which an 

agent geu only indirectly. through having other agents committed to provide them: for 

instance, newborns could have access to food only through having their parents get the 

feeding resources for them. 

CO-tmentr, essentially measured in iems of resource allocation and constraints upon 
resources, hence appear as one critical reason for the setting up of multi-agent societies. 

By regulatiog exchange, they enable using each other as a way to access additional 

resources othenvise unaccessible, or too costly to obtain. From the3 eariiest def~t ions ,  

rnulti-agent systems (MAS) relie on sociological theory (Gasser, 199 1) and use centrally 
the concept of commitments (Fikes. 1982). Building upon the seminal work of symbolic 

interactionists such as Gerson (1976), Bond (1990) and Dongha (1994) propose a 

deGnition and a cornputational model of the concept of commitment that leads naturally to 

the study of resoun'e management. We think that effective resource management in a 
distributeci system requires powerful control s t r u c ~  yet to be founded. 

The main purpose of this paper is to sketch the design for such a model of control based 

upon resource management The second section defines fmt-order and second-order 

resources, and revisîts the concept of commitments in this context. The third section 

proposes a model of control that stems from the psychology of human emotions (Oatley, 

1992). It invoduces emotions as powerful control structures that act so as to protect 
agents - and societies of agents - from m i n g  out of resources, typicaily second-order 

ones. The fourth section takes a closer look at the utilisation of speech acts as 
communication primitives among agents and introduces the new concept of emotionul 
acts. as a way to resolve ambiguities inherent to the expressive and dedarative 

illocutionary categories. We contend chat emotion-like control structures should become 



part of the fimdamental d e f ~ t i o n  of more autonomous. and more adaptive muiti-agent 
systems. nK fdth section considers distributed meeting scheduling as a possible testbed 
for that kind of conml structures and raises some implementation issues. 

4.3.2. From resources to commitments 

4-3.2.1. First-order and second-order resources 

If agents are ever to becorne autonomous, i t  will only be through getting conml over their 
motivations, by having ways of setiing their own goals. The ide. of providing agents with 
the capability to generate their own top Ievel goals is not &en to the DAI comrnunity: it 
can be found in Maes' earlier work (Maes, 199 1b) while the concept of motivated agency 
is introduœd by Norman and Long (1995). Motivations essentially have to do with 
rnanaging resources: this is what is most crucial and vital for the agents, and what 

becomes their ultirnate goal. In the agent context, resources are defmed more or l e s  as 
energy is in physics: whatever enables - and is required for - producing work. It could be 
physical energy like heat or electricity or food, but also the, money, affiliation, power. 
knowledge ... For instance, if a robot l e m s  about a shorter route than usual to some 
target, this sWc knowledge is clearly worth some economy in fuel. Basicaily, the 

concept of resource is tantamornt to the cost of work or actions However it is essential to 
refine it and dis~guish  at least two h d s  of resources: kt-order  and second-order. 

First-order resources. First-order resources are directly consumable ones that an agent 
already has at disposal (available food or water for animals, processing time or memory 
for cornputer). In animais. needs - such as hunger, thirst, fatigue, shelter, sex ... - are the 

motivational processes (Toates, 1986) that insure management and regulation of fust- 
order resources. 

Second-order resources. Second-order resources are those that an agent gets oniy 
indirectly, through having other agents committed to giving them to h . :  newboms could 
get access to food only through having their parents provide the resources for them. 
Money as weli shouid be seen as a second-order resource: any piece of money aiways 

amounts to a cornmitment to exchange some goods for i t  And as such, it is indeed aiso 
revocable, be it only k u g h  the variation of currency! 



4.3.2.2. Commitmeats as second-order resources 

Commitmeats are essentially measured in tems of the allocation of resources and 
constraints upon resources (Gerson, 1976; Bond. 1990; Dongha. 1994). They thus 

appear as one critical reason for the setting up of multi-agent societies: by regulating 
exchange, they enable using each other as a way to access additional resources that would 

remain otheMrise unaccessible, or would be too costly to obtain . 

Typicaüy, an agent A CU-ts certain of its resources to another agent B (commits stands 

here for dues ~t give right away, but promises to give evenniolly). As a consequence, B 
is allocated new resources, while A is construined as to the usage of its own resources. 
For instance, A might be constrained not to consume all of them and to take into account 
some amount that has to remain available to fulfii the cornmitment, On the other hand, 
such cornmitment could also involve A setting the goal of acquiring for B some resources 
that A does not already possess. 

One important corollary is that, by virtue of making resources available. commitments 

themselves are u, be cowited as resources. With* cornplex species that pursue multiple 
goals, and which thus absolutely require the cooperation of other agents, commitments 

might well become the most impoaant of a l l  resources! Hence. it is very Likely that, in 
social species like ours, evolutionary forces would have favored and selected for precisely 
those organisms that would have become equipped with powerful mechanisrns to insure 
control over commitments ! 

4.3.3. Emotions as a metaphor for control structures 

4.3.3.1. The appraisal structure of emotions: valence, certainty, agency 

Valence: positive cuid negative emotiom. In higher (social, or at least nurairing) animals, 
emotions - such as  anger. fear, joy. sadness. guilt .. - are the motivational processes that 
insure management and regdation of second-order resources, namely cornrnitments. Very 
much iike needs, emotions are powerful control stnicaires that act so as to protect agents - 
and societies of agents - from running out of resources. Hence they require being 
aUocated a higher level of pmcesing pnority than most other mechanisms. These control 
processes are triggered by significant variations in the fiow of resources available or 



required for an agent (or a community of agents). There indeed has to be regular 
variations in the daily consumption of resources, without these overpowerful processes 
intervening within the ongoing computation. Simcant variations here means that the 

amount of increase or decrease of resources should exceed a certain predefhed (although 

eventuaüy ajustable) phreshold. 

There obviously have to be two main classes of emotions. positive and negative, tbat deal 
respectively with signiricative gain or loss in resources (Ieading respectively to joy or 

sadness). Positive emotiom act so as to reinvest the gain (that triggered them in the fmt 
place) in order to buy access to further resources: they operate as accumulators or 
amplifers @en. 1993). Negative emotimts, on the other hand, are used so as to fd the 

breach, slow down tk mnning waste, and evenmdy to call for help so as to replace the 

i n m d  lo s :  they operate as regulators. 

Of course, these processes are themselves costiy and it might not seem too adaptive to 
spend so much resources when one is aiready losing some. Yet, even if one has to pay for 

the plumber, it might weii be worth to do so before completely r u h g  out of water! 
Sometimes, this protection function of negative emotions against loss would rather be met 
by seaing the agent in economy mode. Le. by isuiating it h m  the others and reducing its 
activity level, as o k n  happens with people suffering h m  grief or severe distress. 

Uncemùzry rmd temporal dynanùcs. On the other hand, emotions king (as motivations) 
intrinsicaily related u> the goal structure of an agenf they necessarily have to also be 
related to planning and expectations. That is to say, emotions must be subject to a 
tempord dmcs. and potentidy then be triggered by actual as weil as by mn'cipated 
gain or loss (leading to hope or fear). Whiie actuat gains would be reinvesteci a obtain 

M e r  resources, anticipated gains would on the contrary insure goal persistence, by 
acting so as to jusfiS sustaining the actuai invement, or even spending more resources 
in the pursuit of the cumnt goal. While actual loss wodd trigger the cailing for extra 
resources from other agents. anticipated loss would on the other hand induce ~ i ~ c a t i v e  
change in the c m n t  planning strategy. In order to do so, the required resources would 
generally have to be submted from other current goal-pursuing processes that would 
then get tempomrily (or even defuiitively) suspended 



Agency: causal amiburion of evenu to orher agenfi Moreover. in multi-agent societies. 
gains and losses are most frequently caused by the action of agents (self or others). In 
other words. due to the very structure of commitments as second-order resources, agency 
is, in those societies, the general cause that a resource management system shodd 
naturally (i.e. evolutiomrily) get a grip upon! 

Before classifying emotions according to their appraisal structure. let's fmt recall what is 

agency in the psychology of emotions. Agency is understood as causal attribution 
(Weber, 1985; Shultz, 1991): if somethiog important happeos to agent A, this one tries to 
attribute the respowibiüty to some other agent B. This is a way. for A, to get a grip on 
who can be held responsible for the considered upcoming event in order to react 
efficiently . 

Anger is the process that gets control over situations when a simcant loss of resounzs 
is attributable to the action of another agent (Hutchinson. 1972; Averill. 1983). Ch the 

other band, if the lo s  is thought to be caused by self, it is guilt that steps in (McGraw, 
1987). When someone else is seen as  responsible for some noticeable gain, g r u t i d  is 
aiggered. Finally, pride takes charge when it is self that appears clearly responsible for 
the gain. 

Joy, sahess,  hope or fear are triggered either when no attributable agency can be found 
as a cause for the loss or gain, or when there appears to be no possible control over the 

corresponding event. From the point of view of control structures over commitments, 
noncontroilable agency is tantamount to no agency at a& and there is no point spending 
resources agaiost overpowemil agentsr better call for help t&n or fiee (and alm relatives 
to flee as weil)! For instance, in cases of anticipated l o s  atuibutable to others, anger 
would be eiggered only ifthere is something to be done against the agents to prevent their 
wrongdoing, while fear would be triggad if nothing could be envisioned to prevent i t  

4.3.33. A taxonomy of emotions 

Figure 4.2 surnmarizes the preceding categorization of emotions. Although much 
refinernent could be introduced within each category (such as distinguishing between guilt 
and shame), this taxonomy is pretty much congruent with the intersecting aspects of the 



cumnt appruisui theuries in the psychology of emotions (Ortony, Clore and Collins, 
1988; Roseman, 1991; Scherer, 1988a; Smith and Ellsworth, 1985). 

Figure 4.2 
The appraisal structure for the basic categories of emotions 

A POSITIVE NECATIVE 
a d d  anddvated a c t d  antichateci 

The fïrst four emotions (joy, hop.  sadness and fear) act so as to set up or generate new 
commitments (through giving and sharing resources. stlengthening a€fiition, buiiding up 
trust and confidence, calling for help and support..) between agents. The last four 
emotions (pride, guilt, gratitude and anger) act so as to handle or prevent the breakhg of 
curent cornmiûnenrî between agents (through praising or threatening ...) or to svengthen 
and sustain them. 

It is perhaps mandatory to stress here some theoretical consequence of having restricted 
emotions to king CO-mtenu operators. This means that we wodd not count as fear 
proper the escape reactions of lower organisms such as fish. amphibians and most of the 
reptiles (bat happen not to have evolved limbic structures). but as king part of a simpler 
need snucrure. Our basic criterion for counting a motivational process as an motion, is 
that it should pmvide for some communicative means in the seMce of interagent bioding 
(such as alarm or disaes~ cab, waming growis, tail waving ...). 

Figure 4.3 illustrates the mode1 we have sketched above for the flow of control relative to 

the management of resources. i t  could be seen from this diagram that needs could 
themselves activate emotions in their attempt to regulate a significant variation of 
resources, for instance when a hungry baby gets dissessed or even angered at not king 
fed. 



Figure 4.3 
The flow of control in the management of resources. 

RESOURCES MEDS 

It also seems to be the case that fmt-order resources could activate emotions directly, 
when the variation is large enough to cross the aitical threshold so as to h w c h  emotionai 
expression evolutio~rily designed to commit others to set in and react (so they would 
help or flee, applaud or repent..): States of exhaustion often lead to distms, and sudden 
intense pain is a weiî documentai ~ leaser  of anger (Berkowitz, 1993). 

4.3.4. Emotions in the context of agent communication 

4.3.4.1. Agent communication deals wi th commi tments 

In the context of MAS, communication has to be about interagent binding, resource 

sharing, cooperation or confiict, and then has to rest upon establishg and managing 
commitments. In other words, communication has to be very closely related to the 
emotional control mechanisms. Obviously. communications will not d l  be emotional: 
variations in cornmitrnents (as resources) do not always exceed the critical threshold (as 

stated above) beyond which emotions are uiggered. But a i i  emotions - a s  cornmitment 
operators - sure have to be communicative (Le. they have to make use of communication 
methods) ! 



4.3.4.2. Speech acts are communication primitives 

Both linguistic and DAI communities (Cohen and Levesque, 1990a; Cohen and Perrault, 
1979; Singh. 1994; Winograd and Fiores. 1986) agree that, in human languages. the 

basic uni8 of cornmunicaUon are speech acts. i-e. various ways of specifying intentions. 

Classicall y Searle ( 1979) and later Vanderveken (1 990). refarmulating Austin (1962). 
both provide a taxonomy for these communication primitives. 

4.3.4.3. A taxonomy o f  illocutionary speech acts 

Speech acts capture categories of statements (typicalIy centered around verbs in human 
languages) as various ways of specifying intentions - and, as a consequence. 
commiîments (Winograd and Fiores, 1986) among commmicating agents, and thereby 
inaoduce a taxonomy of communication primitives: 

-Assertives commit the speaker to some information king reliable. 
-Directives q u e s t  h m  someone to commit to accomplish some action. - Promissives commit oneself to accom plish some action for someone else. 

Declaratives commit, and request that others do as we& to some change in status. 

Expressives express some feelings or emotions. 

Expressive speech am. However there are a few weli documented problems with this 

taxonomy. On the one hana Austin (1962) and Searle (1979) themselves argue that the 

expmsive category has indeed a speciai character ("a very fùnny one"), and moa huther 
formahms of speech acts bluntly ignored it (Cohen and Levesque. 199ûa; Cohen and 
Perrault, 1979; Singh, 1994). We daim that expressive speech acts cluster intentions that 

should not belong to the same processing level as those from olher categones, in 
particular because they correspond to different processing priorities. We would raîher 
consider the expressive category as emotional actr (vs speech a m ) .  Our contention is th* 
although this category ais0 has to do with managing and conveying intentions, it simply 
does not stand on the same level as the others, and d e r  corresponds, on the verbal level 
to a vestigial fom of a more primitive underneath layer for the handliog of commiments 
in social animais! It amounts to the verbal aspect of a much wider channel of emotiooal 
expression (emotional acts) that already flows h u g h  various facial. postural. or sound 
(e.g. crying, yelling, growiing. laughing ...) behaviors. 



We contend chat agent communication should shifr backfrom speech acts to emotional 

acts whenever the threshold in the variation of second-order resources is exceeded or 

crossed over. Hence, communication between agents should non only reflect the verbal 

aspect of typical human communication but most irnportantly emotional nonverbai aspects 

as well. The choice of a platform for a testbed should take this into account: each script 

used by an agent for comrnunicating with others would have to embody the specific way - 
in ternis of speech acts or emotional acts - through which it opentes upon commiunents. 

One critical point here about the ontofogy of communicating agents is that they should be 

hardly able to ignore (or escape from responding to) emotionai signals emitted by other 

agents, so that those signals could, for instance, generate intempts or reset cornpuration. 

Declarative speech acts. On the other hand, the case for declaratives is also peculiar: they 
appear to be a very special device for using some authonty (Le. agents with a high status - 
like judges in our societies) as a third party or witness to guarantee that a whole 

community of agents would at once subscnbe to (Le. get bound to) a new commitment 

(which for instance happens when a new status is ascribed to some agent - "1 name you 

President" - or when some object of collective usage is given a new narne - "From now 

on, this Street will be calied Kennedy Avenue"). This peculiar kind of commitment. 

shared by a whole community at once, is closely related to what Shoham and Tennenholtz 

( 1995) termed a usefil social law in computationd environments. 

Assertive, directive and promissive speech a m .  It then looks as if classical categories of 

speech acts did in fact encompass three different luyers of communicating tools for setting 
up and managing commitments between interacting agents. In the middle lay the 

categones most frequentiy referred to and fomalized within DAI literature and practice. 

namely assertives. directives and promissives. that deal with common ongoing 

transactions between agents: exchanging information, requesting and promissing. bidding 

and contracting ... 

Underneath lies the more primitive (but also more powerful, controlwise) layer of 

emotional a m ,  that sometirnes emerge as expressive speech acts when they reach the 

verbal level. Emotionai acts are triggered when there is serious risk of breaking ongoing 

commitments or unforeseen opportunities of establishing new ones. Senous tisk here 



means that the variation in second-order resources is exceeding some predefined 

threshold. 

Fmally, the top layer has to do with declaratives. that are used to set up new social Iaws: 

they hence provide a mechanism for establishing and disrriburing new commitments at 

once across a whole comrnunity of agents. They rest on the essential condition that the 

emitter's status should be high enough to enforce the new regulation, so that receivers 

belonging to the same community would as such be constrained to respect i t  

4.3.5. Future works: what kind of implementation? 

The choice of a proper testbed for the kind of control structure we have in mind is not 
obvious. First, the problern has to be complex enough so as to require distributhg 

aimputation over a smaii comrniinity of agents, yet it has to remain manageable enough so 

we could draw usehl conclusions h m  its implementation. It also seems interesting that it 

would be resonant or  consonant with the kind of problems inhabithg the DAI culture. 

Finally, we feel that the nature of the problem should - when raised in human or  animal 
societies - lrequently, if not inherently, cail for emorionnl means of resolimon. Distributeci 
meeting scheduliïg emerges as a rare case satisfying enough with respect to ail such 
criteria 

In the context of meeting scheduting (agendas), relevant first-order resources are: periods 
of tirne (to be aiIocated for the various meetings); processiag priority; knowledge (about 

self or others' available periods of t h e ,  or constraints. o r  preferences or 

commitments. ..). Relevant second-order resources are: commitments over tirne periods 
reserved for the meetings; reliabiüty of the knowledge exchanged. Special kinds of 

commitments have to do with: alliances (or afaliation between agents that wodd then feel 

commiaed to cooperate with each other); stem (Le. aliocated roles and power, that could 

sornetimes enable obtaining, or even imposing, consensus among subordinates). 

From what we said in the beginning of this article regarding motivations, it should be 
clear that goals (for instance. sening some specrfic meeting) are basically about getting 

resources (and fmm then on. pmerving them) or about sening cornmitmerus (and from 

then on, keeping them). But this does not preclude that they could also bear upon 
exchanging resources (Le. giving away some resources in order to buy other ones that are 



riequired for the current activity), especiaüy when this leads to creating new commitrnents. 
Plans are means to achieve goals. Le. sequences of primitives or procedures (methods) 
owned by the agent, that could be assembleci and executeâ so as to get to the expected 
results. As such, plans could be counted as part of the knowledge resource. From the 

above, it is easy to see that an agent's emotions are to be very closely related to its goal 
structure. For instance, blocking amss to a required resource, would generally amount to 
goal blocking, which surely is one universal way (i.e. wide across cultures - and even 
across species!) of triggering anger (Aved.  1983; Hutchinson. 1972; Oatley, 1992). 

In the context of meeting scheduüng, thex necessarily have to be many agents involved at 
the same time, each pursuing many different goals, having to keep and fulfi11 various 
commitments, sometimes quiring help and additionnal resources from a smaü set of 

intervening emotions. In terms of implementation, this means that not only agents should 
be represented as dynamic entities and operate in parallel, but this should be the case as 
weil for goals. commitments and emotions! That is, ali four concepts have to be 

represented as actors operating concurrently by sending and receiving messages 
asynchronously (Agha, 1986). 

An agent se& a goal when asked for a new meeting. or as a subgoal of a current goal 
(while foliowing a plan). Achieving goals can mainly be doue through communicating 
with other agents and making commihnents with them. Of course, some checks and 

bookkeeping also have to be performed within the agent's intenial state, be it oaly to make 
sure that the target period is fke, or that the request does not interfere with other 
commitments. Sometimes, meetings cm be senled quite easily, when there is no conflict 
as to the ailoued period of tirne. But Mth many people h m  maoy Merent  groups, there 

are problems to be solved (and plans to be unfolded) often enough. especially as t h e  
goes by and as more penods get docated (hence becoming unavailable for fùrther 
meetings). 'lnen an agent might think of reconsidering a cornmitment concerning some 
minor meeting, or try to make use of alliances and status as resounzs in convinciag others 

to revoke theirs. It is typically on such occasions that emotions step in! 

In the spirit of this testbed, one should envision that some requests have high enough 
priority (as when the meeting is about geaing a doctor for an emergency or if the requester 
has a much higher status than seIf) so that reactions such as fear or distress would appear 
practicdy unavoidable. In order to be able to intemipi ongoing activity, emotions actw 



shouid be aliocated a higher processing prionty than goals acton or commiunents actors 
Emotions are to be triggered when c m n t  goals or cornmitments go awry. 

The implementation would use the Act& actor platfom built on top of ST-80 (Briot, 

1994). It would rake advantage of the Smalltak exception handling sysiem in which an 
exception is defmed as a situation when computation could not be completed (Dony, 
1990). When such a situation c m  be clearly described. it could also be foreseen and 

prevenwl by having a signal watch for its occurrence. Again, as was stated before, proper 
signals to raise for the triggering of emotions have to do with signifcant variations in the 
stock of resources. more precisely those involved within the critical goal or cornmitment 

(the one which caiised problem). Once a signai is caught, conaol is to be transferred to a 
weli-iaüored handler that a u l d  exenite some appropriate piece of code befon: resuming or 
halting computatioa 

4.3.6. Conctusion 

Effective resource management in a distributed system requires a powerN control 
structure yet to be founded. We proposed a mode1 of control, rooted in the psychology of 
human ernotions, that introduces emotion-like control strucntres in the context of muiti- 

agent systems. We pointed out how such control srnichires fit nahirally into an inter-agent 
communication scheme. Their introduction im proves the potential autonom y of agents by 
taking explicitly into account the management of the resources that are the core of their 
activity and that should hence be part of the fundamental definition of more autonomous 

and adaptive multi-agent systems 



4.4. What are emotions for? Commitments management and 
regulation within animaldanimats encounters" 

Abstruct. The hypothesis that emotional mechanisms are wired in the repertoire of 
higher species is not as new as is its impact on the nature of autonornous agents 
underlying animats* design. Ln an evolutionary perspective, it looks as if. the more 
rational a species gets to be, the more emotional it happens to be as weU. Thus. the 
study of emotional behavior raises the question of adaptiveness: what are emotions for, 
in terms of benefits for the individual? This paper attempts to answer such questions 
by proposing a model that links autonomy to motivation, to resource management and 
to emotions. The mode1 distinguishes two kinds of resources: first-order ones, ditectly 
coasumable, and second-order ones whose access is only guaranteed by a m e d i h g  
agent, commitied to give them. The model defines needs (such as those associateci 
with States of hunger or thirst) as motivational processes insuring management and 
regulation of diredy consumable fïrst-order resounzs, while emotions (such as anger 
or fear) appear as motivational processes insuring management and regulation of 
second-order resources - namely commitxnents - within complex species for which 
they become the most important of all resources. and the key for achieviag multiple 
goals. The paper concludes that emotions, like needs, are powerfui control structures 
that have been designed in to protect agents and societies of agents from ninning out of 
murces. Such mechanisms meet some essential requùements that autonomous agents 
are faœâ with. 

4.4.1. Introduction: a short story by K. Lorenz 

1 have talked before about B a y ,  my Bdidog. He was &eady old, yet still brisk 
when 1 got hold of Hirschmaan, the Hanover Bloodhound - or should 1 say when 
this one took possession of me. His arriva1 was a rude blow for poor Bully, and if 1 
could have foreseen how much he would suffer from jealousy, 1 probably would 
have resisted Hirschmannts seduction. The atmosphere was tense for days until it 
exploded into one of the most violent dogs' fights 1 have ever witnessed [...] As 1 
was trying to separate the fightem, Bully bit my fmger accidentaliy. It was the end 
of the fight, but poor Bully had been stmck with the greatest shock a dog's nervous 
system could ever register. He fell into depression, and although 1 did not puni& 
him, but to the contrary car& and fondled bim. he remaineci p d y s e d  down on 
the carpet, a round baii of despair unable even to get up [...] it was days before he 
started eating again, and even then we had to feed him from hand. For weeks. he 
would corne to me only with an attitude of humble supplication, in total breach of 
his usual temper of a fierce dog that had never been servile. Now the interestkg 
thing [is that this dog] had never bitten anyone before, and hence had never b e n  
punished for such a fault (Lorenz, 1970, pp. 232-235 - the authors' translation) 

Publié sous: Aube, M. and Sen- A (1996b). What are emotions fa? Commimients management 
and rieguiation within animaidanimals encounters. In P. Maes, M. Maouic, J.-A Meyer, J. Po- 
and S. W. W i n ,  (Eds.), From Amhk  to AnUnall4: Proceedings of the Fourth Intenintional 
Confireme on Simulation of Adaptive Behavior @p. 264-271). Cambridge. Mk. 'Ihe h4lT 
Ress/Bradford Book 



Although U e d  with much anthropomorphism, this brief account of Bullyfs fate certainiy 
does not sound too d t i c  to anyone who has shared a pets Me for some signincant 
amount of tirne. The interactions thus experienced, within and across species, seem 
loaded with the emotionai flavours of joy, attachment, anger. sadness. jealousy. and 
even, as suggested he re... guilt! And as Lorenz suggests in the punch he. there is good 
reason to believe that Bully's cornplex reaction has not been conditiomed. but is a naturai 
one in such a situation, already built into the animal's repenok 

To the behavioral scientist, one obvious question is why shodd it be so, what usefiilness 
lies behind those reactions? In other words, emotional behavior raises the question of 
adoptiveness: what profit has k e n  gained through evolution for mernbers of a species to 
feel joyW. or angry or feamil or guilty, what is the added d v a l  value over individuais 
belonging to species - typicdy simpfer and evolutionary older ones - that do not ever get 
emotional? Are there any systematic reasons for the fact that the more rational a species 
gets to be, the more emotional it sxms to get as weil? 

'Ihe main purpose of this paper is to propose a coherent line of explanation of emotional 
behavior in order to answer the questions stated above. This atiempt relies upon concepts 
borrowed from Amficial Life (ALife) and Distributeci Artinciai IntelLigence @AI) and is 
part of an ongoing project focusing on the use of emotional stmmms as a metaphor from 
which to speciS powerfd conml structures for Multi-Agents Systems (MAS) (AuM and 

Senteni. 1995, 1996a). An additional aim is to stress the tbeoretical importance of the 

motivational aspect of behavior and to show how this dimension could profitably be 

integrated with the c w n t  theoruing about rationaiity and godaienteci behaviois within 
cognitive science. 

The second section of the paper enmerates some of the requirements autonomous agents 
are to be faced with. The third one look at motivation as a prerequesite for autonomy. 
Links autonomy to resource management, and sketches two layers of control that 
developed on top of one another. in order to insure such management In the following 
section, emotions as theoretical consmcts are then deliberately restricted to the social 
domain. as some kind of interactionai devices, that act more precisely as commianents 
operators between individuals to regulate the additional riesources (termed second-order 
here) that other agents may provide to one another. It also considers two special kinds of 



long term commitments, affdiation and statu. that bear consequences upon the postulated 
design. Future work is forecast as a conclusion- 

4.4.2. Requirements for autonomous agents 

If one is to understand the architecture of Living organisms so as to design &cial agents 
that are to prove adaptive in complex environrnents, what requirements a these beings 
likely to be faced with for them to be robust, and what kind of ontology would be apt to 
meet such requirements? 

Open systemr. One inescapable requirement is certainly that these agents wiLl have to 
operate within open systems (Hewitt, 1985.1991) wherein continuous change is the d e ,  
and where the predictability of important events could sometimes be rather low. Hence 
there is the need for a sufficient amount of reactivity to those extemal events. The 
behavior of such agents is also to be restncted to " m s '  length relationships", with 

typically no possibility for a global view over al l  the relevant aspects of a problem or 
situation. Tbis raises the need for negotiation. so as to obtaia complementary pieces of 
information from other agents. 

The subsumption constraint. On the other han4 natural agents are to be "evolvablen 
cmtures, submitted to the subsumption consaaint (Brooks, 199lb). 'Ibis means that they 
should not have been faced with too abrupt changes or global reorganization in their 
design. Hence their r d - t ime  reactive capabilities have to result from the operation of 
successive layers of controL So there is an argument in favor of the functional additivity 
of those intercornecteci layers, in such a way t h a ~  at each level, the design proves 
adaptive in itself, but that every successive layer adds new functionaiities without 
disrupting the precediog ones. 

Augmentedplanning. Being immersed in open systerns, these agents also reach for goals 
through augmented planning (Oatley, 1992). They are indeed complex enough to have 

multiple goals of different kinds, of comparable priori& to be handled mostly in paraiiel. 
Yet they are faced with iimited (at amis' length) knowledge and have to compete for 
swce resources. And they have multiple agents to deai with, which raises issues of 
communication, cooperation, conflicts, negotiation. organization ... 



Self detemination of goak Being decenvalized with encapsulated howledge bases and 
embedded reactive behaviors, those agents have to display a fair amount of autonomy 

(Maes, 1991b; Castekanchi, 1994). But mere "executive autonomy" whereby one is only 

free to execute whatever command cornes from outside, is clearly not sufficient here. Real 

autonomous agents should have the capabiiity for self determination of goals This means 
that, more often than not, they wiU set and pursue their own interests, with the 

consequence chat they coufd mt always be asswned to be sincere or benevolem In punuit 
of their goals, they will also have to influence other agents of their h d .  This implies that, 

by virtue of sharing a cornmon ontology, such agents should thernselves be liable to 

dependence and influencing. 

So the stakes are fairly hi& and the challenge of concephializing agents that are to rneet 
such requirements, even in the simplest possible case, is no easy task. One contention of 

this papa is that the underpinning of motivation provides one essential line of attack for 

this design problem. 

4.4.3. Motivation is about resource management 

In specifying "a principled theory of agency and autonomy", dtInverno and Luck (1996) 

defined autonomous agents as progressive refinements within a hierarchy of 

cornputational entities: Objects are fmt defmed as generic Entities with (dedarative) 

attributes and (procedural) capabilities. From then on, Agents are seen as Objects with 

goals, and fmally AutonomusAgents are conceptualkd as Agents with motivations- 

These authors Liirther defmexi motivation as "any desire or preference that can lead KI the 

generation and adoption of goals and which affects the outcome of the reasoning or 
behavioral ta& intendeci to satisfy those goals" (p. 73). 

Indeed, the concepts of autonomy and motivation are intimately relateci: if agents are ever 
to become autonomous, it will only be through geaing control over their motivations, by 

having ways of setting their own goals. But what is motivation about in the tirst place or, 

as Ferber (1996) would put it, where do goals ultimately corne fmm? Our c l a b  is that 

motivation basicaily has to do with managing resources, a task which is most crucial and 
most vital for the agents, and which hence becornes their ultimate goal. Such thinking is 
indeed what made behavioural ecology (Krebs and Davies, 1987) so efficient in 



explaining much of animal behavior. and it seems hard to imagine that artificial 
autonornous agents could profitably be designed ohenvise! 

The next skp is hence to specify what is to be counted as a resom. In the agent context, 
we derme resources more or less as energy is defmed in phygcs: whatever enables - and 

is required for - the production of work. It could be physid energy like heat or elecaicity 
or food. but it could a h  be other things: time. money. aKiliation, power. knowledge ... 
For instance. if a robot has to get to some target point P. this shodd cost it some amount 
of phys id  energy, be it eleceicity or hiel. Now. if the animat kams about a shorter route 
than usual to P. this sWc knowiedge is clearly worth some economy in fuel: it could 
hence be counted as a resource, and even be quantitatively measured in tenns of the 

energy saved. Likewise, power over other agents is a way of harnessing their resources to 
benefit one's own. and could as such be counted as a proper resource. Basically then, the 

concept of resource is tantamount to the cos? of work or actions 

However it seerns usefui to refîe the concept and to dishguish at l e s t  two different 
kinds of resources: fust-order and second-order. Fit-order resources are directly 
consumable ones that an agent already has at his disposal (available food or water for 
animals. processing time or memory for computers). Second-order resources, on the 

other hand, are those that an agent gets only indirectly. through having other agents 

commimd to give them to him: newboms can get access to food only through having their 
parents provide the cesouices for them. Hence. the basic distinction between fmt-order 
and smnd-order. is that the latter rests essentially upon a mediating agenL The apple one 
has at one's disposal for lunch is first-order. while a Wnd  bat said he would bring one is 
second-order. More spe~i~caily. it is not the agent per se that is the resource, but 

whatever makes it so that one can count on h: namely, the wmmitment is the resource! 

It should also be clear that cornmitments are not mere "potentid resourcesn: some food 
m s s  the river. that one couid try to access. could be seen as such. But the definition of 
second-order resources pmposed here relies upon some other agent, that one counu on. It 
is innimically bounded with mrtlti-agent socieries. This point is quite crucial: the 
cornmitment is a resource in mediating (insuring) access to some commodity. in a similar 
sense that a vehicle couid become a resource by allowing access to some remote 
commodity. Now. this does not mean that cornmitments have to be formulated in a 
conscious or refiective way - attachent structures. for instance, do involve commitments 



between caretakers and infants that are presumably triggered through the activation of 
wired-in releasers and partiaily built-in stnichires (Reite and Field, 1985). In niches of 
numiring species, getting hold of the process of establishg and regulating comrnitments 
very likely became a requinment. hdeed, for newborns of those species, it is a Me or 
de& matter! 

Now comrniûnents have received various def~tions in Disûibuted Arttficial Intelligence. 
On the individualhic side, they are conceptualited as persisteme in intention or goal 

pursuing (Cohen and Levesque, 1990a. 1990b; Dongha, 1994). On the other extreme of 
social determinisrn, they are seen as an emergent pmperty of agents king involved in 
many interiocking courses of action (Gerson, 1976; Gasser, 1991). And there is the 

middle-road interpretation of rnuaially agreed conshaints (through promise or contract) on 
action, belief and world States (F'ikes, 1982; Winograd and Flores, 1986; Bond, 1990). 

These different def~tions led in tum to various "translations" or implementations of the 
concept: as logical conditions for intentions to endure (Cohen and Levesque, 1990a, 
1990b; Dongha, 1994); as "agreed uponn actions, beliefs or goals (Fies, 1982; 

Winograd and Rores, 1986); as production niles for the control of execution (Shoham, 
1993); as embodied within plans. conventions or social laws (Bond, 1990; lennuigs, 
1993; Shoham and Tennenholtz, 1995); as quantified in terms of resources ailocated to 
pursuing one's intentions (Gerson, 1976; Bond, 1990; Dongha, 1994). 

The defibition in terms of "persistence" seems too individudistic for planning agents 
embedded in "openn MAS. On the other hand, the more radical "emerging vieww coming 
from social interactionists fails to offer concrete ways of representing how such 
interlockhg gets bootsvapped in the fmt place within the agents' mental worlé Our 
stance is that the middle-road view of mutually agrezd consaaints through promise or 
contract, could better meet the requirements, and even be translated into precise 
quantifiable terms. Commitments could indeed be measured in tems of allocation of 

resources and constraints upon resources (Gerson. 1976; Bond, 1990; Doagha, 1994). 
Typically, an agent A commits certain of its resources to another agent B (commits stands 
here for does not give righr away, but promises m give eventucrlly). As a consequence, B 
is allocated new resources, while A is constrained as to the usage of its own resources. 
For instance, A rnight be c o n s ~ e d  not to consumate all of than and to take into account 
some amount that has to remain available to fulfi11 the cornmitment. On the other hand, 



such cornmitment could ako involve for A sening the goal of acquking for B some 
resources that A does not already possess. 

Being specifidy defmed in tems of resources, cornmitments thus appear as one criticai 
reason for the seuing up of MAS: by regulating exchange. they enable the agents to use 
one another as a way to access additional resources that would othenuise remah out of 
=ch, or too costly to obtain. This refers to what (Castelfranchi, 1990) has caüed the 
Socialiry problem: "why does an autonomous agent enter into social relationsn (p. 50) and 

is congenial with this author's proposeci answer: "Sociality was invented to multiply 
agents' powers of achieving their goals (using the powers of other agents)" (p. 56). 
Withùr cornplex species thm pursue multiple go&, Md who absoIraely require as such the 

cooperation of other agentr, commïanénu might well become the most important of ail 
resources! One important corollaty is that, M S  thus require an effective conttol 
mechanhm to regulate and control commrmmrtmentfluctio Hen- it is very likely that, 
in social species like ours. evolutionary forces would have favored and selected for 
precisely those organisms that would have become equipped with powemil mechanisnu 
to insure control over commitments! 

Within acilmals, needs - such as those associateci wiih States of hunger. t h h ,  fatigue ... - 
are the motivational processes (Toates, 1986) that insure management and regulation of 
directly consumable fmt-order resources, be it available food or water. rest and sleep, 
security or reproduction. In higher (sochi, or at Ieast numiring) animals, emotions - such 
as anger, fear, joy. sadness, guilt.. - are the motivational processes that insure 
management and regulation of second-order r e s o m .  namely commitments. Very much 
like needs, emotions are powerful control structures that act so as to protect agents - and 

societies of agents - from running out of resources. Ln terms of the SCL6slunption principie, 
they could be conceived as an additional layer of design that developed on top of the 

underneath layer of ne&. using much of its control power, but taking over whenever the 

access to resources requires the cooperation of other agents. Figare 4.4 illustrates the 

operations of those two iayers of conml and their presumed intercoanections. 

As for needs. the emotional contrai pn>cesses are triggered by signiEicant variations in the 
flow of resources, specifically second-order ones, for instance when there is a threat of 
breach in cornrnitments or an opportunity for establishing new ones Significant variations 
here means that the amount of incmse or decrease of resowces should exceed a certain 



prekfmed (although eventually ajustable) threshold Cenain events are likely to have an 
impact upon an agent's stock of resources. When those variations cross a critical 
threshold, needs are called in so as to regulate them. In more complex (socid or 
numiring) animals, other agents can supply for the rnissing resources, provided they are 
comrnitted to behave so. Emotions are designed in to regulate the operation of this new 

hyer. 

Figure 4.4 

Two layers of control for resource management. 

Now, having resaicted emotions to king comrnitments operaton, l a d s  us to distinguish 
between difierem motivational reactions, that we would not count as "emotions properw. 
For instance, the escaping reactions of lower organisms lïke fsh, amphibians and most of 
the reptiles, that happen not to have evolved limbic structures (MacLean. 1993). are 
thought to rest upon a more primitive layer for handling needs (security king involved 
here). Our basic criterion for counting a motivationai process as an emotion, is that it 



shouid provide for some communicative means in the s e ~ c e  of interagent binding (such 

as alarm or  distress calls, warning growls, tail waving ...), even if the corresponding 

message is not actuaUy sent in some parti& situation 

In the case of a human reacting with a jump to a loud noise, or  stepping aside in order to 
avoid a speeding car. we would Say that his "fear reaction" is more complex 

(subsumptionwise), basically exploiting simpler old stnicnues. but also profitting from 

the "additional highern possibility of y e h g  as weU, and thus expressing distress (Le. 

caIling for someone comrnitted to help, such as a motber) or anger (i-e. warning that the 

tramgressor shouid retract and amend). There is much experirnental data from the 

psychophysiology of emotions that provide some suggestive evidence for Merent origins 

behind the repertoire of human fears (ahman. 1986) and for the fact that some of these 

behaviors rest upon much simpler and evolutionary older structures (Ekman, Fnesen and 

Simons. 1985). Zt is our contention rhat reserving émotions" for the control structures 

that are responsible for comrmmrmtments munagernent will do m c h  m help disontbiguote the 

tenn itselfand specijj, the possible design of rhese structures. 

4.4.4. The emotion engine 

Triggering signais. Now let us sketch how this emotion layer could operate. F i t  we 

must specify the signals which are going to trigger the regulating processes. Just as needs 

are activated when variations in first-order resources pass beyond some threshold uoates, 

1986), emotions are triggered by signifcant gains or tosses in cornmitments (second- 

order resources), that codd be evaluated oumerically in terms of the corresponding fkst- 

order resources they guarantee access to. This would lead to positive and negative 

ernotions respectively. Positive emotions act so as to reiovest the gain (that triggered them 
in the fxst place) in order to  buy access to further resources (e.g. establish new 

commitments): they operate as accumulators or amplifiers. Negative emotions, on the 

other hand. are used so as to fa the breach. slow d o m  the ninning waste, and eventually 
to cal1 for help so as to replace the incurred Ioss: they operate as regulotors. 

Processhg priority. ib to the formulation of proposais for the operation of the emotional 
processes themselves. Herbert Simon was the fmt  scientist within the AI cornmunity, to 
dare make an offer, back in the late sixties: "If d - t i m e  needs are to be met, then 
provision must be made for an interrupt system [...] al i  the evidence points to a close 



connection between the operation of the intempt system and much of what is usually 
caUed emotional behavior" (Simon, 1967). This link between emotions and the 

intemption of behavior had in fact b e n  hanging around for some t h e  in psychological 
litmature (Angier, 1927; Mander, 1964). but had not found a proper grounding. perhaps 
for a lack of the concrete embodiment the cornputer metaphor could offer. Be it as it may. 
it is ciear that the processes raised when the proper signais are triggered should receive 
almost the highest processing priority. to enable them to easily gain conm.ol, if the cunent 
threat or opportunity appears to be m i l y  critical. This is why we propused that emotbonal 
processes should operate as a connol structure. Acnially the best cornparison we have in 
mind so iar is some mechanism akin to the exception M i n g  system (EHS) designed in 

languages like Smdialk-80 (Dony, 1990). although a proper embodiment would be likely 
to requk that the specif~cations be realized as  close as possible to the machine leveL An 
exception is defmed as any situation that "ihreatensn the current cornputation from 

An EHS aiiows users to signal exceptions and to define handlers. To signal an 
exception arnounts to (1) idenhfy the exceptional situation. (2) to intempt the usual 
sequence, (3) m look for a relevant handler and (4) to invoke it while passing it 
relevant information. Handlers are defined on (or attached to, or associated with) 
entities for one or several exceptions (according to the language. an entity may be a 
program, a pn>cess. a procedure, a statement, an expression. etc). Handlers are 
invoked when an exception is signaled during execution or the use of a protected 
entity. To handle means to set the system back to a coherent sta te... @ony, 1990, p. 
323) 

Shared ontoiogy. For such a system to operate as a regulator of commiûnents, another 
prerequigte is that ali agents belonging to the same community have been built according 
to the same ontology, so they can no& escape from responding to the emotionai acts 

emitted by other mernbers. Indeed, the expression of anger ody makes sense if the 
recipient is constrained (through some built-in design) to react to it significantly 

(otherwise, it wodd likely have already been dropped from the behavior repertoire, 
thmugh natural seiection!). Hence. one should envision, for every category of emotions, 

some bdt-in -or that would be triggered if the appropriate reaction is mandatory (for 
instance if there has been goal-blocking, threat. danger or loss ...). and some List of 
preferred actions towards the target agent. fiom which the system shouid choose. Here 
again, there is much work from the psychology of emotions that suggests some universai 
antecedents for a small set of emotions. A more detailed account of the appraisai structure 



for basic emotions and their associated t r i g g e ~ g  signals is presented in Aubé and Senteni 
( l996a). 

Emrionai humilers. For each emotion from an animat's repertoire then, the appraisal 
structure would specify the appropriate signals in tems of the commitments concerneci 
(whether threatened or favored) and also provide an adequate handler as a list of prefered 
actions, from which repair of the injured commitment would be carried out or any new 
oppominities exploited. Typical reactions for fear would involve fleeing, freezing, 
attacking. calling for help. broadcasting alarms ... One essenrial wmponent of ofl Iimidlers 
will have to &ai with emotioml expression, the quasi-intentional structure of which we 
have comparai elsewhere to the one specifed for speech acts (AuM and Senteni, 1996a). 

This communicative aspect (Oatley, 1992) has profound consequences for MAS 
theonting in that it offers a key to the understanding of the emerging aspect of 
commitments envisioned by the social interactionists (Gerson, 1976; Gasser, 1991). The 
basic idea is that the expression of emotions does not merely act upon the inner mental 
States of the agents. By the very same process, it aLFo acu so as to distribute the problem 
(threat, danger, violation of standard, rupture of commitment. ..) us well as its 
computation over the whole commwiity of agents, thus ntaking for a very powe#l mol 
of disnibuted controL 

Conversation n e ~ o r k  Another important feahire of our speçifications is that ail emotions 
be comected into a kind of conversation network, much in the spirit of the state transition 
diagiams for speech acts suggested by Winograd and Fiores (1986) or the " interchange 
protocols" of Campbell and dlnverno (1990). The point here is that etnotional reactions 
are themselves events that are designed to act upon commitments and should in nirn 

trigger emotions in the others Depending upon the specific configuration of commitments 
berween two agents, fear could thus be answered with fear (alarm), with anger (so as to 
impose more fear), with sadness (as in parents king sorry for their childfs fear), with 
guilt (if one has unwillingiy scared the other) or with pride (if one has made the opponent 
retreat), but never with joy, hope or gratitude. 

Comrnimtenu as actors. Last. but most importantly, we have to make provision for how 

commitments themselves should be represented, so they could play the crucial role they 
bear within the whole architecture. One might think of a very simple numerical 
representation, since we advocated that they could be precisely measured in tenns of the 



amount of fmt-order resources involved: how much has been allocated h m  others, or 
how much from self is going to be constrained But clearly, this would not s u f f i ,  since 
bey would certahly have to register many more atmbutes. such as which acquaintanœ is 
concemed. or what the time range is for the commitment to be satisfied. Such 
requirements suggest that commitments could be envisioned as more active entities, 
operating concurrently, such as acturs (Agha, 1986). that could themselves monitor their 
fluctuation with all the agents one is related to, and that could send messages to the 
appropriate emotional hancilers whenever their value amibuîe is cntically modifed. 

h g - t e r m  commimtents. It &O seerns important to specify two special kinds of Long- 
term commitments. Oae is "affiiiationn (alliance, attachment, friendship ...) defmed as 
some kind of contractual dependency between two agents, that could be increased or 
decrûased depending on past history of helping and cooperation. The other is "power" (or 
status?), defined as socially recognized capacity for requesting help or resources from 
others, or for imposing consensus among subordhates. Those would be represented as 
kinds of "stored cornmitmentsu that could be invoked in certain situations (just as one 
could accumulate first-order resources to be used in periods of starvation). Except for the 
time scaie. they share a l i  the attributes of regular commitments. Those two seem quite 
useful for interpreting Bully's behavior presented in the beginning of the paper. It is fairiy 
clear that the inmision of Hirschmann in Buüy's M e  was felt as a considerable threat to 
the long-term cornmitment of aEection between Lorenz and Buiiy, henœ the frequency of 
the fights against the agent presumed responsible. But when Buiiy accidentally bit his 
beloved master, he himself betrayed at the very same time hvo strongly established long- 
term commitments - anachment and submission - which triggered a corrective handler of 

guilt with very high priority. The intemiptive capacity of this one has to do with the 
s ~ n g t h  of the affiliation, but also with the cornbined effect of having chaiienged the 
power commitment as well. Bully's guilt had to act upon Lorenz as an expression of 
submission and regret, but a h  upon Buliy's intemal States, in order that he would stamp 
the situation M y  in memory so as not to take the slightest risk of ever repeating it again. 

4.4.5. Conclusion and future work 

The nature of autonomous agents underlying anima&' design is strongly conditioned by 
the hypothesis that emotional mechanisms are deeply wired in the repertoire of higher 
species. The centrai question addressed in the paper - " What are emotions for, in ternis of 



benefiu for the individual?" - is partiaIIy answered by the proposition of a coherent Line of 
explanation of ernotional behavior, stresshg the question of adaptiveness. The fmt 
contention of the pape is that the underpinning of motivation provides a line of attack to 
this design pro blem. Autonom y and motivation are shown as intimately relateci: if agents 

are ever io get autonomous, it will only be through getting control over their motivations. 
by having ways of setting their own goals. The second claim of the paper is that, 
basically, motivations have to do with resource management That is why behavioural 
ecology is so efficient in explaining animal behavior and why it would be very surprising 
that anifcial autonomous agents could be designed othenvise. This concem Ieads to a 
closer study of the concept of resource that can be refrned by distinguishing fit-order 
and second-order. Fit-order resounzs are direcdy consumable ones that an agent already 
has at disposal. Second-order resources are those bat an agent gets only indirecdy, 

thtough having other agents committed to give them to him: the commitment is a resource 
in mediating access to some good. k i n g  specificaily defmed in tems of the resources. 
cornmitmeou thus appear as one critical reason for sening up multi-agent societies: by 
regulating exchange. they enable the agents to use one another as a way to access 

additional resources that would otberwise remain out of reach. or would be too costly to 
ob tain, 

The third claim of the paper is that, within cornplex species that pursue multiple goals. 
commitments become the most important of ail resm.msT one important corollary king 
that rnulti-agent societies r e q h  an effective conml mechanism to regdate and control 
commitments fluctuations. Within animals, needs, such as those associated with states of 
hunger or thirst, are the motivational processes managing aad regulating directly 
consumable fm-order resources while, in higher-order species. emotions, such as anger 
or fear, are the motivational processes managing and ~guiating second-order resouices or 
commimients. Like needs, emotions are powemil conml strucnires protecting agents and 

societies of agents from running out of resources. As for needs. these contrai processes 
are triggered by siuficcant variations in the flow of resources. for instance when the= is a 
threat of breach in commitments or an opportunity for establishing new ones. An 
additional contribution is to propose one clear way of implemenwig the desired control 
structure through the use of a mechanism similar to the exception handling systern of 
Srnalltalk-80. Signals are defineci within the appraisal structure of basic emotions, and the 

handlers involve communicative emotionai acts plus a List of p r e f e d  actions or partiai 
plans to be used for the repair of the injured commitment One fmal claim stressed the 



theoretical utility of specifying special b d s  of long-tam cornmitment$ such as affiliation 
and power. 

Effective resource management in a distributed system requires a powerful conml 
stmcnire yet to be founded. Next generation pardel programs as weU as next generation 
autonomous agents could benefit from a principled mode1 of control, rooted in the 

psychology of human emotions, that wouid introduce emotion-like control structures 
Such a mechanism would fit naturally into an inter-agent communication scheme and its 
introduction wouid Iikely improve the potential autonomy of agents by taking explicitly 
into account the management of the resources at the core of their activity. nere is a lot of 
work remaining to be done dong these lines, if we want to be able to express these 

controi s rn icm through readable and reusable high level abstractions. Another thread of 
work would be to integrate the concems expounded in this paper with other high-order 
concepts such as reflection. It is our contention that emotion-like control structures that 

serve to regulate resource consumption, could offer one indispensable complement to 
reflective structures that are also designed in to handle problematic situations. 
Metaphoricaily s-g, it is somewhat Like adding thennodynamics to mechaoics for a 
more complete account of the procases that are to be describe& 



Chapitre 5. 

Conclusion générale 

5.1. Résumé de la démarche parcourue 

Au cours de la p e n t e  recherche, nous avons tend de rendre explicites les principales 

fonctions adaptatives des structures 6motionnelles, et de mettre il jour cextains des rouages 
par lesquelles eues arrivent remplir effectivement de telles fonctions. Bien que d'abord 

int&essé par la question de la motivation scolaire, il nous a cependant semble qu'une 

percée significative en ce domaine requérait une approche théorique fondamentale. Nous 

avons 6t.é en cela inspiré par l'approche & 1'IA qui, dans son projet de "produire de 

l'intelligence", s'est rapidement vu c o h n t é e  au difficile problème de la représentation 

des connaissances. Ce qui n'avait semblé au depart qu'un sous-probl&me parmi d'autres, 

est ainsi &venu un enjeu majeur qui, durant les années 19'70, a largement envahi l'agenda 

de recherche de cette discipline. D'une façon analogue. il nous a semble que la compré- 

hension des ph&om&nes de motivation p o d t  se trouver considérablement éclairée par 

le projet d'en reproduire et d'en capter le caractère adaptatif au sein de systèmes artificiels. 

La thése a eté présentee sous la forme d'une série d'articles posant diffCrents jalons d'un 
m&Ie thbrique et fonctionnel cies Crnotions. comme fondement pour les structures de 

contdle dans les sysemes rnulti-agents. en intelligence amficielIe distribuée Le premier 
article (chapitre 2, section 2.2) a commence par situer le problème de recherche dans le 

contexte de I'Mucation, en faisant ressortir la nécessité de disposer de modèles théoriques 
robustes pour aborder le domaine de la motivation et des Bmotions. Le texte a d'abord 

rappel6 les p ~ c i p a l e s  contributions de I'IA pour la compdhension des mecanismes 

d'apprentissage et de construction des savoirs, et fait ressortir l'importance et l'utilité des 

spécifications ainsi obtenues pour la conception de stratégies pédagogiques et didactiques 
appropriées. L'article a ensuite proposé d'appliquer d'une façon analogue l'approche et 

les rntthodes de 1'IA pour la conceptualisation des phCnombnes motivationnels et 



Cmotiomels, et a présenté un apequ du genre de mod6isation qui pourrait en &dier. 
ainsi que des applications qui pourraient en découler afll de rendre plus efficaces les 
interventions pédagogiques destinees rehausser la motivation scolaira 

Le second article (chapitre 3, section 3.2) a pour sa part consisté en une recension 
approfondie en psychologie cognitive des &notions. Sa fonction essentielle, dans le cadre 
de la thèse, etait de repérer les concepts fondamentaux pour la formulation du moele  
théorique et d'accumuler un large répertoire d'exemples, aptes à supporter ou c o h n t e r  

la théorisation proposée. Nous avons notamment tiré profit des principales controverses 
en psychologie des emotions comme rMIateur des concepts-clés e t  des articulations 
thEoriques les plus significatives. De cette meta-analyse a therg6 i 'hypothh que les 

structures &notionnelles constituaient une couche p ~ c u l i è r e  de contrôle, entre celle qui 
assure la gestion des besoins et celle qui supporte le fonctionnement rationnel. La 
recension a dgaiement permis d'identSer et de retenir, comme composantes de cette 

couche de contrôle, un petit nombre de mécanismes de base apparaissant comme 
responsables de la très grande majorid des comportements t5motionneis, et d'articuler avec 
précision les conditions de leur declenchement 

Le troisi8me article (chapitre 4 section 4.3) a exposé le modèle "computatio~el" propre- 
ment dit, et notamment le lien fondamental que nous avons établi entre motivation, gestion 
des ressources et engagements. Ces derniers y ont 6té expressCrnent conceptualisés 
comme un type particulier de ressources, reposant essentieliement sur la coilaboration 
entre les agents. Les 6motions ont dors bté présentées comme des opérateurs des engage- 
ments dont la fonction etait d'assurer la gestion et la régulation des variations sim- 
catives qui pouvaient se produire l'intérieur de œ stock de ressources particuli&res, 
essentielies pour rendre possible et maintenir de façon adaptative la coopération en tant 
que fondement des espèces sociales. L'article est d'ailleurs pnkédé (chapitre 4, section 
4.1) d'une section approfondissant précisément les phénombnes de coopération et de 
réciprocité, ainsi que les conditions favorisant leur hergence et Iew évolution. 

Le quavieme et dernier article (chapitre 4 section 4.4) a examine, dans une perspective 
&olutionniste, les différentes contxaintes qui semblent avoir priésidé à l'apparition (dans le 
contexte de l't5volution) ou devoir conditionner la conception (par 11iog6nieur cogniticien) 
d'agents biologiques ou informatiques véritablement doués d'autonomie. La capacit6 pour 
un organisme de determiner ses propres motivations y a Qté présentée comme la 



caractéristique premi5re de l'autonomie, et la gestion des ressources y a tté abordée 
comme le p ~ c i p e  essentiel derrière tout mécanisme d'ordre motivatiomel. Les engage- 
ments &nt envisagés dans notre modèle comme un type particulier de ressources le texte 

a ensuite réexamine à cette lumière le concept tel qu'il a Cd u W  en IAD. L'article s'est 
fmalement termine par une 6numeration des spécifications qui découlent du modèle, en 
vue d'une implantation dans un environnement informatique base d'acteurs. 

5.2. Les contributions pour l'intelligence artificielle distribuée 

Le moment semble donc venu de rassembler les diff6rentes contributions de la recherche, 
notamment en œ qui concerne le rôle primordial joue par le concept d'engagement pour la 

compréhension des ph&om&nes motivationnels. Ce construit hyphetique, tel que defini 
et utilisé dans la thèse, offre en effet une valeur descriptive et explicative exceptionnelle. 
Au profit de la recherche en IAD, il a le mente d'éclairer les relations qui existent entre 
motivation et gestion des ressources, il of& une base pour l'explicitation des contraintes 
qui pdsident la coopération entre les agents, et il permet de formuler des s ~ c a î i o n s  
précises pour une implantation &entuelie de structures de contrôle remplissant les 
fonctions principales des mécanismes Cmotiomels chez les vivants. Au plan de la 
formalisation des intentions et des mécanismes de communication inter-agent. il contribue 
à éclaVcir certains aspects de la théorie des actes de langages, notamment sur la question 
de la catégorie des "actes expressifs". 

5.2.1. Éclaircissement des liens entre autonomie, buts, motivation 
et gestion des ressources 

Le concept d'autonomie en IAD est pratiquement indissociable de celui d'agent. Et 
poriltant, hormis quelques rares tentatives d'éclaircissement (Castefranchi, 1994; Luck et 
dlnverno 1995; McFarland, 1995; Steels, 1995), cette notion reste encore relativement 
floue. Nous croyons donc que les liens que nous avons proposé au chapitre 4 entre 
autonomie, motivation, genération des buts et gestion des ressources, apportent un 
éclairage salutaire sur cette constellation de concepts. Nous appelons ainsi "motivation" 
l'ensemble des mécanismes qui determinent le choix des buts adoptés par un organisme 
ou un système quelconque à n'importe quel moment, et nous appelons "autonomie" la 
capacité pour un tel système de contrôler ses propres motivations. Nous posons alors 



comme motivation premiere et ultime de tout système adaptatif. celle de gerer ses propres 

ressources: chercher à y accéder, chercher les préserver, chercher à les renouveler. Nous 

irions même jusqu'à prétendre que n'importe quel but g h t d  et adopté par un système 

"natureln découle toujours, en dennitive, d'un probl2me de gestion de ressources, ou à 

tout le moins d'une chaîne de buts intermédiaires ordonnée en fonction d'une telle gestion 

Certes, il existe des systèmes capables de g6nérer leur propre suucture de buts 

pour La résolution d'un probleme d o ~ 6 .  Mais ce genre de probl5me est g6n6ralement 

"command6" de I'exréneur, souvent d'ailleurs par un "employeurn humain, et on parlera 

plutôt alols de ce que Castelfhchi appelle "executive autonornyn (1994, p. 58), c'est-à- 

dire une autonomie q u i  porte sur le c h o u  des moyens, mais non sur la capacité de 

déterminer les* elles-mêmes En ce sens. ces systèmes ne constituent que des annexes 

- ou des "prothihes" cognitives - pour l'utilisateur humain. en qui réside la dn tab le  

source d'autonomie. La conception qui est proposée ici n'est d'ailleurs pas très tloignée 

de la compréhension intuitive du terme: ne dit-on pas en effet d'un individu qu'il est 

devenu "autonomen à partir du moment où il se montre capable de subvenir lui-même à 

ses besoins? Mais elle entraîne egalement des conséquences qui &passent largement 

I'interpretation populaire, notamment que la description formelle d'un processus (sa 
"mécanique") reste fondamentalement incomplète tant que les dispositifs responsables de 

la gestion des ressources inhérentes à son exécution (sa "thermodynamique") ne sont pas 

kgalement spécifîés. Nous osons croire que 18 réside rune des conditions essentielles 

une vision plus intégrée des aspects motivationnek et cognitifs du comportement 

5.2.2. Réification des engagements comme ressources de deuxième ordre 

Une autre contribution essentielle concerne la reconceptualisation des engagements en 

termes de ressources. et plus spécifiquement en termes de ce que nous avons choisi 

d'appeler "ressources de deux2me ordren. Iï y a plusieurs mentes ce chou  thtonque. 

Tout d'abord, il présente un caractère explicatif en faisant ressortir l'utilité. sinon la 

nécessité des engagements au plan adaptatif, puisqu'ils codèrent à l'individu qui en 

dispose une plus grande valeur de survie. Nous avons examiné comment la coopération 

pouvait effectivement o&V des gains appréciables, mais aussi comment eue g6nerait du 

même coup un espace de risques et de vulnérabilité à l'exploitation. Une telle vision rend 

alors plausible, au plan tvolutif, que des dispositifs de contrôle et dtac& iî ce type de 



ressources plus sensibles, plus complexes, mais aussi tellement bt5nefiques que 
constituent les engagements aient pu emerger et être sélectionnés. 

En second l ieu en rattachant ce type de ressources à celles de premier or& - plus 
facilement quantifiables - auxquelles elles doment acc& il devient egdement possible de 

les comptabiliser et de les ordonner rigoureusement, et de d t 5 f ~  alors sur la variation de 

ces quantités, des mécanismes de déclenchement extrêmement rapides et efficaces. Cette 

quantification est par ailieurs essentielle lorsqu'il faut choisir entre plusieurs engagements 
conflictuels. mais aussi di de faciliter le cumul des engagements à long terme. tels 
l'autorité ou l'affiliation. qui ne cessent de croître ou de diminuer, oscillant au gré de 

l'histoire des interactions et des transactions entre deux individus. 

Nous avons cependant fait ressortir, en troisiéme lieu. qu'un simple attribut numérique, 
bien qu'essentiel. restait ins&mt  il capter toute la complexité du concept, et qu'une 
représentation plus structurée et plus dynamique, par exemple en terne d'objet concurrent 
ou d'acteur, semblait plus appropriée. Chaque engagement doit en effet constituer une 
structure de domées enregistrant les partenaires impliqués, les ressources en jeu, 

lléch&ncier de respect de l'engagement. les conditions de satisfaction ou de rupture, etc. 
Mais il faut 6galement envisager un mécanisme plus dynamique. surveillant avec vigilance 
que l'engagement n'est pas mis en péril par d ' a u m  Cvhements concurrents. e t  capable 
de declencher dors, avec toute la priorité requise. les mécanismes de protection, d'inter- 

ruption ou de correction appropriés, que constituent les processus émotionnels. 

Fuialement, en identitiant comme ressource & deuxi8rne ordre, non pas l'agent lui-même 

qui donne a& a une ressource de premier ordre, mais plutat la "contrainte interne" qui 
l'amhe A garantir œt accès, nous croyons avoir mis le doigt sur le dispositif motiva- 
tionnel qui a 6té progressivement inscrit & travers I'Cvolution pour "harnacher" la règIe de 

réciprocit6 et rendre possible une coopération "&uniaire et rentable" entre les individus. 

Cette vision impose ii son tour certaines sp6cifications. Pour que la gestion de ce type 

particulier de ressources puisse être assurée. il importe en effet que les agents partagent au 
moins certains des mécanismes de reconnaissanfe et d'expression de ces engagements. et 
de réaction il leur rnodif~cation. Il faut en outre que ces mécanismes opèrent de  façon 
contraignante, qu'ils disposent justement de l'automatisme caractSristique des structures 
motivatiomelles, assorti d'une grande prioria d'exécution, rendant quasiment hpossi ble 
leur ignorance. C'est ce que nous avons voulu signifier en spécifiant que l'existence 



même d'un système multi-agents reposait sur le partage d'une ontologie commune, et sur 
l'existence d'une stnrcture & contrôle pour la gestion et la réguiaiion des engagements. 

5.2.3. Les émotions comme prototypes de structures de contrôle pour les 
systèmes multi-agents 

C'est aux emotions que nous attribuons cette fonction essentielle d'assurer la gestion et la 

régulation des engagements. Nous avons en effet tâche de montrer que, chez les vivants, 
du moins chez les espèces sociales qui proegent et éIèvent leurs rejetons ("n~uring 
species"), les mécanismes tmotiomels présentaient toutes les car;ict&istiques d'une telle 
structure de contrôle. Aptes à repérer, ou même a prévoir. les variations signifcatives à 

i'htérieur du stock de ressources de deuxième ordre, les Bmotions disposent egdemeent 
d'un répertoire d'actions sur mesure, afin& A travers l'tvolution, & fagon il prendre en 
charge ces situations probEmatiques. Nous avons donc proposé d'exploiter les connais- 
sances accumulées en psychologie cognitive des Cmotioas comme "métaphore" porteuse 
dans la conceptualisation des stmchues de contrôle quises pour assurer l'autonomie et la 
coopération chez les systèmes multi-agents. 

t'intuition de Simon (1967) de considérer les structures émotionnelles essentiellement 
comme mécanismes d'interruption du calcul ("computationW) en cas de risques imprévus 
ou d'oppoitunit& inattendues, nous a incité à regarder du côté des structures de contrôle. 
Par ailleurs, le système le plus sophistiqut d'interruptions dont nous ayons pris 
connaissance, est celui qui a Cté conçu et uti l id en Srnalltalk-80 pour la gestion des 
exceptions (Dony, 1990), et  il nous semblait d'autant plus approprie qu'il s'appliquait 
&galement aux environnements informatiques à base d'acteurs. Ce système pemet de 
d é f ~  au préalable les situations qui risquent de menacer la poursuite ou i'intégrité du 
calcul, et de reperer ces situations en spécifiant les signaux caractéristiques de leur 
occurrence. Des m&hodes de prise en charge ("hancilen") sont egahnent pn5vues, et leur 
exécution est automatiquement déclenchée lorsque les signaux critiques sont rencontrés. 
L'examen attentif des résultats de recherche en psychologie nous a dors  permis de 
proposer, a partir des propositions de la théorie de I'appropriation ("appraisalw). une 
structure cohdrente pour la spécification des signaux de déclenchement pour chacune des 
huit familles d'6motions que nous avons retenues dans notre modèle. Nous avons par 
ailleurs illus1r6 comment il dtait possible de tirer des propositions de la thhie des 

h o t i o n s  de base et de l'approche par prototypes, un ensemble de scripts executer 



("handlers") pour une prise en charge adaptative des situations problématiques ayant 

dome lieu à chaque catégorie d'émotion. 

5.2.4. Distinction entre actes de langages et "actes émotionnels" 

Parmi le répertoire d'actions utiles à exécuter en cas de situation problématique. les "actes 

d'expression" constituent un sous-ensemble privilégié. L'un des mérites de la théorie des 

actes de langages est d'ailleurs d'avoir souligné que les énoncés verbaux sont aussi des 

actions. souvent plus efficaces que bien d'autres gestes physiques. Ainsi. les énoncks 

correspondant A ordonner. 2 supplier ou à promettre l'exécution d'une action entraînent 

généralement des dsultaü tout aussi concrets que de poser le geste physique lui-même. 

Dans le cas d'une demande d'aide. cela peut même constituer. comme pour un nourrisson 

affame, la seule façon d'obtenir le résultat requis. Dans la perspective de 1'IAD. ou un 

calcul complexe peut être réparti sur toute une communauté d'agents. les actes de 

communication sont particuliérement importants. puisqu'il permettent de distribuer la 

résolution d'un problème sur une multiplicid de récepteurs. Un cri d'alarme. par exemple. 

repartit le problhme du danger sur une communautt! d'agents, qui peuvent accourir A la 

rescousse, ou faciliter la retraite des plus vulnérables. 

Nous avons mentionné que la catégorie des actes expressifs, pourtant clairement identiriée 

par les principaux théoriciens des actes de langage (Austin. 1962; Searle. 1969: 
Vandeiveken. 1990). a toujours été plus ou moins laissée pour compte dans les diverses 

élaborations ou formalisations qu'a par la suite connues la théorie. Notre analyse des 

structures 6motionneiles a cependant fait ressortir l'importance de ces actes d'expression. 

comme véhicules spécifiques d'intentions pour chaque catégorie d'émotion. Nous avons 

donc propose que les actes expressifs constituent en fait des vestiges des "actes 

Cmotionnels" sous-jacents, op6rant au niveau non verbal. d'une manière analogue aux 

autres catégories d'actes de langages (assertifs. déclaratifs, directifs et promissifs). qui 

agissent plutôt au niveau verbal. Nous pensons que ces actes émotionnels gagneraient à 

connaître une analyse tout aussi approfondie que celle des autres actes de langage. 

notamment en termes de spécifications de leurs conditions de réalisation et de satisfaction. 

Une telle vision aiderait sans doute à mieux comprendre l'évolution de la communication 

animale, comme mdcanisme d'expression (et parfois de partage) des intentions. favorisant 

la gestion de la coopération et de la dciprocité dans les échanges. Ainsi le chien qui couine 

et trepigne "signifie" par 1à ses besoins en eau. en noumture ou en promenade ii son 



maître, et "obtientn generaiement par là même le résdtat escompté, d'où p M m e n t  l'idée 
d'acte émotionnel, 

5.3. Les contributions pour la psychologie cognitive des 
émotions 

En psychologie cognitive des émotions. le concept d'engagement, selon la conceptuali- 
sation qui en a 6té propos& ici, constitue probablement la variable la plus déterminante 
demère le déclenchement et l'expression des 6motions. Il permet en outre d'etablir une 
distinction plus claire que jamais entre les besoins et les Cmotions. il aide a mieux 
comprendre et formuler le type de contraintes qui ont pu contribuer il l'apparition des 

structures drnotionnelies comme instruments inédits d'adaptation dans l'évolution des 

mammifères et des primates, il rend compte de la nature i n m u e m e n t  sociale des 
emotions. et il offre un cadre coherent pour la répartition taxinomique des differentes 
catégories d'emotions. Comme on a essaye de le dtmontrer dans le chapitre 3, il offre 
Bgalement une base solide de réunification entre la "thdorie des émotions de basen et la 

"théorie de l'appropriation". II offre même, comme on l'a mentionné au chapitre 2, une 
interprétation parcimonieuse d'une foule de problèmes en psychologie sociale et en 
psychopathologie. 

5.3.1. Les engagements comme "variable critiquet' derrière le 
déclenchement et l'expression des émotions 

Nous avons souligné diverses reprises il travers cette thèse l'importance considérable 
que nous accordions au concept d'engagement dans notre modde du fonctio~ement des 
émotions. L'une des contributions essentielles de ce travail a en effet consist6 à démontrer 
qu'il s'agit là d'un conceptclé, absolument incontournable pour la compréhension et la 
mise à jour de la dynamique émotionnelle. A titre de comparaison, en science physique, 
chaque fois qu'un chercheur se trouve confronté il un changement de mouvement. il sait 
qu'il doit reconnaître là l'action d'une force. et il cherche alors d'où provient celle-ci. Le 
concept de force prend alors une valeur exceptionnelie. puisqu'ii guide avec certitude le 
chercheur dans le processus d'ex piici tation de la dynamique d'un 6venemen t L'existence 
de la planète Neptune a ainsi bté postulée pour rendre compte des perturbation observées 

dans la trajectoire d'Uranus, qui restaient inexplicables sans l'in terven tioa d'une force 



exterieure. On peut alors dire que le concept théorique de force a constitué dnns sa 
découverte un outil aussi m c u e  et indirpenable que le réleseope. 

C'est egaiernent le concept de force qui a men6 à la découverte des trous noirs, pourtant 

invisibles puisque leur densité est si grande que même les rayons lumineux qu'ils dm-t 

en subissent l'attmc tion. Mais justement cette même force gravitationnelle induit des 

perturbations importantes sur le mouvement des autres corps celestes au voisinage de 

L'astre "cacMW, ce qui a permis aux astronomes d'en uIf6rer la présence. D'une fqon 
analogue, nous posons le concept d'engagement comme la "variable critique" et essentielle 

derrière tour comportement émotionneL Autrement dit, chaque fois que l'on constate ce 

genre de réaction, on peut être assuré qu'il y a un ou plusieurs engagements en jeu, et  que 

ceux-ci expliquent plus que tout autre variable le comportement observe. Réciproquement, 

si l'on sait qu'un engagement a été sérieusement modifié ou compromis, on peut 

g6n6ralement soupçonner qu'une réaction Cmotiomeile a 6té ou sera déclenchée. même si 

son exptession est gardée secrète. Car bien sûr. certaines dmotions peuvent être retenues. 

et  un bon cornedien peut en simuler ou en falsifier l'expression. Mais l'équivalent existe 

aussi en physique, par exemple avec les phhomènes d'illusion ou de prestidigitation. 
L'important pour n o m  propos, c'est que dans le domaine & la mécanique. le concept de 

force constitue précisément l'outil de réference qui guide l'examen et l'interprétation des 

observations bizarres ou irréguliéres. De la même façon, nous proposons le concept 

d'engagement comme principal rév6lateur de la dynamique &notionnelle. 

5.3.2 .  Un nouveau critère simple et fonctionnel de distinction entre 
les besoins et les émotions 

Bien que les besoins et  les Crnotions soient largement reconnus comme représentant deux 

des principales catégories motivatiomelles, les critères qui ont été traditionnellement 

proposés pour ttablir leur distinction sont loin d'appadtre aussi clairs et transparents 

qu'on pourrait le souhaiter, et ils ne font pas non plus tellement preuve de parcimonie. 

Ainsi, nous avons rapportk au chapitre premier (p. 11- 12). ceux qui ont été proposés par 
Plutchik (1980. pp. 362-363; 1984, p. 2 14) et qui semblent rallier plusieurs théoriciens: 

- les émotions sont habituellement déclenchées par des stimulations extérieures, alors 
que les besoins résultent de changements Uiternes dans cenains Ctats physiologiques; 

- les &notions surgissent en présence d'événements déclencheurs, alors que les 
besoins se manifestent plutôt en l'absence de stimulations caractère homéostatique; 



- les tmotions (comme la colère) peuvent dépendre d'une variété df6v6nements, alors 
que les besoins dépendent plut& d'objets spéciliques, tels I'eau ou la nounitue; 

- les tmotions suivent la perception et  lf6valuation d'un évhement, alors que les 
besoins précèdent au con& l a  recherche d'un objet n t k e s a k  à leur satisfaction; 

- les Cmotions dépendent d'&t5nements qui peuvent se  produire sur une base 
aléatoire, alors que les besoins présentent plutat un caractère vthmique. 

La difficuld avec ces critères, c'est qu'ils ne dtcoulent pas d'une théorie coherente, mais 
constituent plutôt des justifications ad hoc, extraites d'exemples ou de cas particuliers déjà 
classifiés par le theoncien. C'est comme si celui-ci avait effectué cette classifcation au 
préalable, sur la base d'une compréhension intuitive. et qu'il en avait tué ses cri&res après 

coup, en  comparant les Cléments dkjjà attribués à chaque catégorie. Il est par ailleurs 
étonnant qu'il puisse exister autant de critères difftrents. apparemment sans lien théorique 
ou logique les rattachant les uns aux au= Une conséquence indésirable de  l'applications 
de tels critères, c'est que differents théoriciens ne s'entendront pas sur la classification de 
certains comportements problematiques, surtout ceux qui, comme la peur, le désir sexuel 
ou l'agression. apparaissent fortement détermin& par des variations d'ordre physiolo- 
gique, d'aucuns les rattachant alors aux besoins et d'autres les regroupant plutat avec les 
emotions (Lapierre et Braun, 1993; Toates. 1986). 

Le critere que nous proposons est beaucoup plus simple, et il décode h t e m e n t  de notre 
conceptualisation de la motivation comme mécanisme de gestion des ressources, ainsi que 
de la distinction que nous ttablissons entre ressources de premier ordre et ressources de 
deuxSrne ordre. Dans notre mod5le. tout syseme motivationne1 se traduit nécessairement 
par l'opération d'une couche de contrôle. Nous appelons besoins celie qui g8re l'accès 
aux lessources & premier ordre, et réservons le terme plus "social" d'émorions celie qui 
g&re les ressources de deuxieme ordre. c'est-&-dire les engagements. En plus d'offrir une 
base de distinction e d m e m e n t  cl& - et solidement appuyée au p h  théorique - entre les 
deux catégories de comportements. cette vision permet également de résoudre une 
ambiguïté qui a longtemps confronte plusieurs chercheurs (Avers 1980. p. 325; 0 h m a  
1986; Scherer, 1993, p. 347; Wdïboa et Scherer, 1986, p. 72). au sujet d'une tmotion 
comme la peur qui semble effectivement comporter des variantes fort difftrentes. La 
solution que nous proposons à ce dilemme, c'est tout simplement que ces peurs ne sont 
pas toutes de l'ordre des tmotions, et que certaines s'avèrent beaucoup plus frustes. & n t  
plutôt de l'ordre des besoins, telles les réactions de hiite des amphibiens. Nous préferons 
réserver la connotation "Cmotionneile" de  peur aux réactions. beaucoup plus a n t e s  dans 
I'&olution. qui impliquent (consciemment ou non. explicitement ou non) l'appel à l'aide 



ou l'avertissement de fuir, afin de mobiliser ceux qui sont disposés il notre egard, ou afin 

de pdvenir ceux que nous sommes nous-mêmes enclins à protéger. 

5.3.3. Une base de réunification entre "Basic Emotiom Theory" et 

"Appraisal Theory" 

La meta-analyse que nous avons effectuee au chapitre 3, au sujet des principales 
controverses en psychologie cognitive des émotions. nous a amen6 repérer quelques 

incohdrences parmi les theones existantes. mais peut-être surtout d'importants points de 

convergence. Il nous a ainsi tté possible de d'évacuer le dilemme qui avait animé le débat 
entre Zajonc et Lazam au sujet de i'indépendance relative entre les processus kmotionnels 
et  les processus cognitifs - ou de la p d s h c e  des uns sur les autres - en conceptualisant 
les srnichires CmotiomeUes comme un couche de contrôle particulibe, opérant entre celle 
des besoins et celle du jugement rationnel, afin d'assurer la gestion des ressources de 

deux2rne ordre que constituent les engagements. 

Par ailleurs, nous avons tâché de montrer que les théories de l'appropriation et celles 
concernant les emotions de base divergeaient surtout en ce  qu'elles s'intéressaient à des 

aspects diff6rents. mais complémentaires. des mêmes processus. En s'efforçant d'élucider 
la nature des évaluations requises pour le déclenchement des diverses reactions 
Bmotio~el les ,  les thdories de l'appropriation ont surtout contribue expliciter les 
antécédents des émotions. et nous ont permis de spécifer concrètement quels signaux 

devaient être mis en place pour identifier rapidement et efficacement les principales 
situations critiques qui Nquent de menacer ou de compromettre les engagements. Dans 
cette perspective. les theones portant sur les tmotions & base et sur l'approche par 
prototypes. offrent de leur côd un ensemble de spécifications précises. encapsulant sous 

le format de scripts, un répertoire diversifie de mtthodes de résolution et de prise e n  
charge ('7randlersf~ des situations problématiques ainsi repérées- 

5.3.4. Une taxinomie simplifiée et cohérente pour les différentes 
"familles" d'émotions 

En comparant les résultats accumulés par les principaux représentants de chaque "camp", 
il nous a semble que les listes d'émotions retenues par chacun comme les plus signifca- 
tives, affichaient un degré élev6 de convergence. Nous avons alors appliqué sur chaque 



candidat proposé des critères de parcimonie relativement sév2re-s. Dans la perspective de 
simulation qui nous habitait, il nous semblait en effet important de ffaire correspondre le 
plus pdcisément possible, par del& la différence des termes ut&% et sur la base de leurs 

fonctions communes. la similarité des processus invoqués. La section 3.2.4 du troisiéme 
chapitre explicite ahsi comment il est possible de regrouper de façon coherente la aés 

grande majorité des observations recueilles en huit grandes catégories tmotiomelies, 
clairement distinguables en ternes de leurs mécanismes de déclenchement, ainsi que des 
stratégies de gestion des engagements qu'elles ont la fonction d'assurer. Ces huit grandes 
famiiles, correspondent approximativement aux vocables de joie, de tristesse, de peur, 
d'espoir, de gratitude, & col2re, de fierté et de culpabilité. Nous avons spécifït Egdement 
comment d'autres réactions, parfois proposées comme candidates. pouvaient en fait être 
réintégrées A l'une ou l'autre des catégories proposées, ou correspondre. comme dans le 

cas de la jalousie, à une constellation d'&notions, dsultant de la mise en @il simultanée 

de plusieurs engagements differents. Mais nous avons surtout proposé un cadre théorique 
fonctionnel et  cohdrent dem2r.e cene classification, qui rend plus facilement envisageable 
l'intégration de tels processus A des systèmes artificiels compIexes. lesquels pourraient 
éventuellement devenir capables de g&er de façon autonome leur propre accès aux 
ressources - y compris il celles de deuxième ordre - et se monhzr alors susceptibles de 

s'engager à cette fin dans des comportements d'altruisme et de coopération réciproques 

5.3.5. Quelques applications en psychologie sociale et en psycho- 
pathologie 

Étant donne L'importance qui est accordée a L'aspect social dans notre modele du fonc- 
tiomement t5motionne1, un intérêt additionnel de l'approche proposée est d'établir des 
liens Ctroits et fructueux avec plusieurs probl2mes de recherche dejà abordés en psycho- 
logie sociale, notamment au chapitre des "motivations sociales" ( A b  1993). Ii se trouve 
en effet que plusieurs des phenombnes ttudiés dans ce champ de recherche gravitent 
autour du concept d'engagement, qui tient là egdement un rôle de premier plan dans les 
schCrnas explicatifs. C'est le cas notamment des phénornhes de persuasion et d'idiuen- 
ce, de l'impact des discussions en petits groupes dans la résolution des dilemmes sociaux, 
et des attitudes antisociales qui semblent caractériser les comportements sociopathiques. 
Or, comme nous aiions tâcher de le montrer, les trnotions ne sont jamais loin demere, et 

jouent même un rôle dt5terminant dans l'activation et la mise en oeuvre de ces divers 
phénomènes. 



Les phénomènes d ' w e n c e .  Au début des années 1980, le chercheur Robert Cialdini 
(1984) publiait le bilan d'une vingtaine d'am& de recherches sur les phknomenes de 

persuasion et d'influence. I n t h s d  à comprendre ce qui pouvait bien amener une 
personne à se laisser persuader & réaüser des actions ou d'engager des ressources, alors 
qu'elle n'en tirait pratiquement aucun profit immédiat, Cialdini deborda de ses etudes en 
laboratoire pour aller observer directement sur le terrain les veritables "marchands 

d'influence" que sont les vendeurs, les politiciens ou les agents de marketing. Son Livre 
rassemble sous six grands principes les diverses stratégies exploitées par ces professon- 

neIs de la persuasion: la tendance la réciprocité. la persstance dans le respect des enga- 

gements pris, l'influence de la majorité, l'affiliation, l'autorité et la rareté des ressources. 

Nous avons mentionnt5 le premier de œs principes, lorsque nous avons abord6 plus haut 
la "nonne de réciprocité", ii la section 4.1.1 (p. 151). comme mécanisme de contrainte 

sociale visant à assurer la cooperation dans les échanges. Il est important cependant de 

réaliçer qu'une ventable force motivationnelle semble opérer, dès qu'un individu bénéficie 

d'un don ou d'un service, le poussant I retourner ultérieurement une faveur au moins 
équivalente, et souvent même supérieure (Mauss, 1950). Dans le cadre de n o m  modèle, 

nous faisons I'hypothése que ce dynamisme motivationnel repose en majeure partie sur 
l'activation. parfois conjointe, des Bmotions de gratitude et de culpabilité, en raison des 

opportunit& d'engagements, et donc de ressources nouvelles qui sont ainsi manifestées. 

Cialdini sugghre que cette contrainte a surtout Ce acquise à travers l'éducation et la 
culture, une opinion qui recoupe d'assez prih ceile de sociologues comme Gooldner 
(1960) ou Mauss (1950). ou celle de Simon (1990b) ii propos de l'incdcation et de 
l'acquisition des comportements altmistes. Nous croyons pour notre part que l'éducation 

ne peut être aussi eficace, que parce qu'elle s'appuie sur des mécanismes beaucoup plus 
fondamentaux &jiî mis en place au mars de l'évolution. C'est sans doute la raison pour 
laquelle la distribution de dons et de faveurs constitue un moyen si efficace pour 
l'apprivoisement des animaux, probablement d'ailleurs celui qui est le plus spontanément 

et le plus fiéquement u W ,  jusque par les animaux eux-mêmes, notamment dans les 

contextes de séduction et de parades sexuelles. 

L e  setond principe d'influence ("commitment and consistencyn) ré& explicitement au 
concept d'engagement. mais surtout entendu dans le sens "individualiste" de persistance, 
tel qu'invoque dans les domaines de recherches en IAD ou en motivation scolaire. L'idée 



en  es^ qu'une fois qu'un individu s'est fixé un certain b u t  il Cprouve généralement de la 

difficulté à s'en écarter. comme si une force intérieure le coniraignait à réaliser l'objectif 

adopté. Cependant. comme le révèlent les recherches: "It appears that commitrnents are 

most effective in changing a person's self-image and future behavior when they are active. 

public. and effortful" (Cialdini. 1984. p. 96). Cette citation est parfculièrernent éclairante. 

en ce qu'elle fait intervenir l'image de soi comme médiatrice de la motivation à persister, 

mais aussi le regard public comme puissant déterminant de cette image de soi. 

Cialdini rappelle notamment que le fait d'exprimer une intention par écrit engage encore 

plus fortement les sujets, même lorsque le texte n'est pas formulé par la personne elle- 

même, et qu'il est simplement recopiC. Le chercheur rapporte ainsi l'une des stratégies de 

"lavage de cerveau" les plus efficaces utilisées par les communistes Chinois durant la 

guerre de Corée. qui consistait simplement à faire recopier par des militaires américains 

certaines critiques sur le système politique des États-unis. Ces prisonniers devaient 

ensuite participer à des debats sur tel ou tel point de cette politique. Peu à peu. de façon 

presque imperceptible. ils en venaient à faire leurs ces critiques. et à les défendre avec de 

plus en plus d'acharnement Menées habilement, de telles tactiques ont amené presque 

tous ces prisonniers à modifier leur allégeance, jusqu 2 trahir d'une façon ou d'une autre 

leurs camarades (par exemple en révélant les projets d'évasion), sans pourtant que leurs 

geôliers n'aient dû avoir recours à aucuns sévices physiques. 

Or cette vision des engagements rejoint le sens plus social et plus "contractuel" que nous 

attribuons à ce concept Rappelons à cet égard que. selon certains théoriciens des actes de 

langage (Winograd et Flores. 1986; Winograd. 1988). toute forme d'honcé exprime 

nécessairement un engagement, et que c'est même la seule façon que la communication 

serve les interlocuteurs. puisque c'est par là qu'eile leur garantit la réalisation d'actions qui 

sont mutuellement dCsirables. À titre d'illustration. imaginez que vous demandiez l'heure 

dans le métro, et qu'un individu vous communique une information erronée. disons avec 

un décalage d'une vingtaine de minutes. Il est facile à quiconque de comprendre qu'un tel 

comportement puisse vous mettre sérieusement en colere. Mais pourquoi donc? C'est que. 

si vous avez posé la question. vous avez probablement vraiment besoin de le savoir. Votre 

interlocuteur devrait donc savoir son tour qu'il importe que l'information donnée soit 

fiable et véridique. Bref. même dans un simple échange. on ne parle pas pour rien dire: il 

y a des engagements en jeu, et les réactions t5motiomelies qui semblent alors si natureiles 

font simplement leur travail de préserver et de réguler ces ressources si précieuses. Ce que 



les communistes Chinois et les vendeurs d'autos savent si bien, c'est qu'en nous faisant 
écrire et signer leurs textes ou leurs formulaires, ils nous associent comme malgré nous. 

par l'intermédiaire de la rnckanique même du langage, L des engagements qui nous 

contraignent, et qu'ils harnachent du même coup tout l'arsenal de nos propres réactions 
&notiomelles (notamment dans ce cas la peur et la culpabilité) A la protection et au 

maintien de ces engagements plus ou moins extorqués. 

Le troisième principe proposé par Cialdini, est I'in£Iuence & la majorité ("social proof"). 
Si tout le monde le fait, c'est sans doute que ça en vaut la peine, car sinon, il n'y aurait 

pas autant d'adeptes. Les résultats de recherche spécifient cependant deux qualifications 
importantes ce principe: 

In general, when we are unsure of ourselves, when the situation is unclear or 
ambiguous, when uncertainty reigns, we are most likely to look to and accept the 
actions of others as correct (Cialdini, 1984, p. 129) 
We will use the actions of others to decide on proper behavior for ourselves, 
especially when we view those others as similar to ourse1ves. (Ibid, p. 142) 

La façon dont ce mode d'influence opère n'est pas sans rappeler le pMnom&ne de "social 
referencingn (Klinnert, Campos, Sorce, Emde et Svejda, 1983) que nous avons décrit au 
chapitre 3 (section 3.2.2.4, p. 80-81). Ainsi, lorsqu'un enfant se retrouve dans une 

situation drmcertitude et d'i.nsécurité, il se tourne vers la personne présente il laqyeiie il est 

le plus aaaché, et i l  ajuste ses propres réactions dmotiomelia en conformité avec celle de 
son modble. Cette réaction lui permet ainsi d'acquérir rapidement, par imitation et 

"modelage tmotiomel". une foule d'informations essentielles il sa propre sécurité. 
Minsky (1985, p. 176) utilise de son côté le terme "attachment-leamingn pour désigner un 
pnnessus tout-&-fait anaiogue. Ici encore, on se retrouve en plein paysage émotionnel, oh 

1"1I1SéCurité, la &tresse. la gratitude et l'attachement déterminent largement les conduites 

adoptées et rendent compte des infïuences subies 

Les deux principes suivants, l'afffiation et l'autorité (ou le pouvoir), correspondent 
exactement aux deux c&gories d'engagements à long terme que nous avons décrites dans 
le chapitre 4 (section 4.4.4, p. 187). et nous ne les d&aillerons donc pas in Ils expriment 
le fait que l'on a génhiement tendance à subir l'influence de ceux que l'on aime, ou de 
ceux qui ont du pouvoir. Le dernier principe Cnoncé, la rareté des ressources, o@re en 
laissant mire A l'acqutkeur potentiel que la marchandise offerte est pratiquement bpukée. 
et qu'en dépit du prix Clevd. c'est probablement la derniere chance qu'il a de se la 



procurer. Même s'il rencontre le cntere de gestion des ressources qui le place 

effectivement, selon notre définition, dans l'ordre du motivatiomel. ce principe ne porte 

pas spécifiquement sur les engagements. 11 est néanmoins intéressant de constater que le 

mode d'opération des cinq autres mécanismes proposés par Cialdini est directement 

explicable, et de façon bien plus parcimonieuse, dans le cadre de notre modèle des 

émotions fondé sur la gestion des engagements. 

La résolution des dilemmes sociaux. Un autre phénomène qui a longtemps intriguk les 

chercheurs en psychologie sociale. est l'impact de la communication sur la résolution des 

"dilemmes sociaux". On q u w i e  ainsi les situations où les individus doivent choisir entre 

des actions dont ils tireraient avantage au depens de l'intérêt du groupe. et d'autres actions 

qui seraient plutôt bénéfiques à l'ensemble de la collectivité (Dawes. 1980). Un exemple 

pourrait être d'accepter un prix plus élevé pour l'essence, ou d'utiliser plus fréquemment 

les transports publics, afin de contribuer 3 la réduction de la poilution. qui est évidemment 

nocive pour tout le monde. Or depuis une cinquantaine d'années. les chercheurs savent 

que les discussions de groupe ont pour effet de promouvoir des attitudes collectives et 

coopératives (Orbell. van de Kragt et Dawes. 1988), sans toutefois comprendre quelle 

contrainte opére sur les consciences individuelles pour produire un tel résultat. Que se 

passe-t-il donc dans les esprit durant ces discussions en petits groupes. pour ainsi 

disposer les individus à cooprirer' L'hypothèse la plus solidement confinnée jusqu'ici, est 

qu'a travers l'échange verbal. "group members made and honored commiunents to 

cooperate" (Kerr et Kaufman-Gilliland, 1994, p. 5 13). Ce dynamisme semble opérer 

même lorsque le choix de collaborer n'est pas clairement énoncé. et même si l'individu n'a 

pas consciemment réalisé pourquoi son attitude a changé, pourvu qu'il ait pris une part 

active dans la discussion. Ici encore, on r6alise à quel point la gestion des engagements 

constitue une forci: motivationnelle intense, et a l'instar de Simon (1990b). nous 

persistons à croire que les dispositifs emotionnels d'affiliation. d'autorité. de colère. de 

peur et de culpabilité constituent les m&anismes puissants progressivement mis en place à 

travers I'Cvolution, et r6cupérés par l'éducation et la culture. pour inscrire dans les esprits 

la disposition ii coopérer et à respecter les ententes mutuelles, même implicites. 

Les comportements sociopathiques. Nous avons rapporté au chapitre 2 l'histoire de 

Phineas Gage, ce contremaître des chemins de Cers arnericains qui, B la €m du siècle 

dernier, fut victime d'une explosion au cours de laquelle une barre de métal d'un mètre de 

long traversa son crâne de part en part, dans la région du cortex préfrontal (Damasio. 



1994a). Bien qu'il ne sembla en subir aucune séquelle au plan de ses connaissanoes, de 

ses facultés & m6morisation ou de rappel, & ses capacités de raisonnement ou d'appren- 

tissage, sa personnalité en hit néanmoins radicalement transformée. Aux yeux de sa 
f a d e ,  de ses voisins ou de ses amis, il etait devenu un tout autre homme: impoii, sans 
vergogne, ne respectant plus aucune conventions, incapable de prendre des décisions, de 

tenir ses engagements. ou de planifier pour l'avenir. Sa vie en fbt irrémédiablement 
d6tru.it.e. il vécut divorces sur divorces, perdit ses amis et ses emplois, et termina 

misérablement sa vie en clochard. 

Or le neurologue Antonio Damasio et son équipe retrouvèrent ce même syndrome anti- 

social chez des "versions" modernes de Phineas Gage: divers patients ayant eux aussi subi 

des opérations ou des ~ a t i s m e s  majeurs dans la région du cortex préfrontal @masio. 

Tranel et Damasio, 1990). Ces individus se retrouvent alors g6n6ralement diagnostiqués 
comme s o u h n t  de "désordre sociopathique": difficulté a maintenir leur persistance au 
travail, planification déficiente, négligence ou h p o n s a  bili te paren taie, incapaciié B 
maintenir un attachement durable avec un partenaire sexuel ou amoureux, tendance à la 

manipulation et a la tricherie, comportement de parasitisme, detachement 6motionne1, 

absence de remords ou d'empathie, faible capacité d'auto-contrôle (Damado, Trime1 et 

Damasio, 1990, p. 82; Patrick, 1994, p. 320) Plus récemment, une chercheure en 

psychologie 6volutive ("evolutionary psychology"). Linda Mealey, tmit l'hypothèse que 
ces comportemerus de sociopathie correspondaient essentiellement en un déficit au niveau 
de l'expérience et de l'expression émotionnelles. lequel entraîne alors une incapacité pour 
l'individu & s'engager dans des comportements d'entraide et  de coopération. et ii 
construh avec les autres des rapports bas& sur la confiance réciproque: 

Whether crimioal or not, sociopaths typicaiiy exhibit what is generally considered 
to be irrespom'ble and unreliable bebavior; their amibutes include egocentriSm, an 
inability to f o m  iasting personal commitments and a marked degree of 
imp~lsivity~ Underlying a superficial veneer of sociabiüty and charm, sociopaths 
are characîerized by a deficit of the social emotions (iove. shame, guilt, empathy, 
and remorse). (Mealey, 1995. p. 523) 

Dans ce domaine de recherche egalement, on retrouve donc une fois de plus la gestion de  

la réciprocitt5 et des engagements comme mécanisme de contrôle sur lequel repose 
l'équilibre personnel de l'individu, ainsi que son adaptation il son environnement s a i a L  
Et 1à encore, on retrouve les structures émotionneiles comme les éléments de base et les 
rouages essentiels qui composent cette couche de contrôle. 



5.4. Les contributions pour l'éducation 

Fiaalement, dans le contexte de l'éducation et de la motivation scolaire, le concept 
d'engagement, tel que nous l'avons défini offre un champ nouveau d'exploration pour 
mieux comprendre les bases intrinsèques et interactives sur lesquelles reposent la 

persistance et l'engagement des 6lèves. Il enuaîne même une reformulation significative 
des modtks prévdaots, notamment en ce qui conceme les indicateurs et les d~termioants 
de la motivation scolaire. Au profit des approches sociocognitives en éducation, il rend 
désormais possible la formulation de modEles plus formels, exploitant &entuellement les 

possibilités et les m6rites de la simulation informatique. Finalement, une compréhension 
de la dynamique motivationnelle leposant sur la gestion des engagements rend possible, à 

l'instar des stratégies m6tacognitives proposées pour l'amélioration & l'apprentissage et 
de l'enseignement, la conception et l'enseignement de stratégies "m~ta-émotiomelles" 
favorisant une plus grande autonomie chez les éièves en leur redonnant plus de contrôle 
sur leur propre motivation 

5.4.1. Impact de la redéfinition du concept d'engagement pour les 
théories actuelles sur la motivation scolaire 

Même si l'approche que nous avons adoptée daos le cadre de cette recherche peut avoir 

semblé, par son caractère théorique, passablement éloignée du contexte scolaire, nous 

avions néanmoins fait le pari qu'une afliilyse approfondie de la mécanique motivatiounene 
pouvait enaaîner de retombées inédites sur les recherches actuelles en motivation scolaire. 
Or notre analyse soulève effectivement la nécessité de reconsidérer certains aspects des 

modèles actileliemeot prévaiants dans ce do* notamment en œ qui concerne la notion 
d'engagement En premier lieu, la redéfinition que nous avons proposée de œ concept, 

ainsi que le rapprochement etabli B la section pdddente avec tout un champ de =herches 
portant sur les motivations sociales, nous incite il questionner cette interprétation 
strictement "individuelle", en terme de persistance daas l'atteinte des buts adoptés. Nous 
avons pu voir en effet que cette attitude & congruence et de "fid&itém à l'endroit des 

objectifs que l'on s'est fmés, est largement conditionnée par l'image de soi, ainsi que par 
le regard extérieur qui est porté sur cette image, B tel point que cet aspect interactif et 
quasiment "contractuel" du terme d'engagement, se traduit par une puissante incitation à la 
persév6rance dans l'accomplissement d'actes auxquels nous avons ainsi publiquement 



associé notre identité. L'effet motivationnel observé résulterait alors moins d'une 

contrainte interne d6temiinée par i'a[tei.nte du but lui-même. que du réseau d'engagements 
interpersonnels et sociaux qui donne un sens œ but, et où interviennent enue autres 

divers rntkanismes comme l'apprentissage par attachement (Mhky, 1985). l'imitation et 

la construction identitaire. 

Dans cette perspective. il ne nous apparaît pas suffisant de concentrer les interventions 
pédagogiques sur les croyances des éIève-s quant à leurs capacités de sucds, sur leur 
conception de l'intelligence comme innée ou quise, sur leur perception du système 
scolaire comme centré sur l'apprentissage ou sur la performance, sur les caractéristiques 
de la tâche comme leur apparaissant plus ou moi. réahable et plus ou moins contrôlable. 
L'idée n'est 6videmment pas ici de rejeter les résultats de recherche confmant  que ces 

variables ont effectivement un r61e, mais plutôt de faire ressortir que ces percepn'om sont 
elles-mêmes sous le contrôle d'un &terminisrne p h  large et plus @cien& inscrit dans la 

dynamique de l'acquisition des connaissances comme dvité collective. Il nous semble en 
effet surprenant que les mod&les prévalanu (Dweck, 1986; Pintrich et Garcia, 1994; 

Schunk, 1991; Viau. 1994). qui s'inscrivent pour la plupart dans l'approche socio- 
cognitive (Bandura, 1986). n'attachent pas plus d'importance au processus d'apprentissa- 

ge et de construction de savoirs en tant qu'c~cavités~ndamentalement sociales d'échunge 
et de pariage de ressources, où s'avère crucial l'&ablissement de la confiance entre les 
partenaires, et ob des mécanismes de négociation, & résolution de conflits, d'organisation 
et de coopération sont constamment l'oeuvre. 

En second lieu, le concept d'engagement apparaît dans certaines de ces tMories, notam- 
ment dans celle de Viau (1994) qui effectue la synthèse de plusieurs approches, du côté 
des indicateurs plutôt que du &té des détennliants de la dynamique motivationnek. Bien 
que cet auteur souscrive au principe du "déterminisme réciproque", selon lequel les effets 
agissent en retour sur les causes. le fait d'avoir ntanmoins regroupé l'engagement du côté 
des conséquences dans l'articulation du mod&le révèle que son rôle comme facteur de la 

dynamique motivationneiIe est nettement perçu comme minimal. La conséquence, au plan 

de l'intervention pédagogique, est que les enseignantes et les enseignants seront plutôt 

invités agir sur les perceptions des bl&ves, laissant à la dynamique motivationnelie la 
fonction d'assurer par elle-même la causalité circulaire et l'impact en retour des 
engagements sur la motivation et les choix des él&veses 



Selon notre point de vue cependant, les engagements, en tant que ressources de deuxi8rne 
ordre, apparaissent absolument decisifs dans cette dynamique. Avec le même suc& et la 
même efficacité qu'ils sont mis au Service de stratégies de mobilisation et de persuasion 
dans tant d'autres domaines & la vie quotidienne et de L'interaction sociale, il nous semble 
qu'ils devraient egaiement êm mis à profit dans dans contexte pédagogique de la classe et de 
l'école. Cela signifie qu'il y a tout intkêt, au profit même des élèves et & la qualité de 

leurs apprentissages, de déployer systématiquement des stratégies qui les engagent, de 
façon explicite et interactive, & L'endroit des enseignants et des enseignantes, de la 
direction de l'école, de leurs parents et de leurs amis, et même A l'égard de la sociktk qui 
supporte leur croissance. Par aiUeurs, notre analyse de la contrainte de fiprocité comme 

condition d'emergence de la coopération, entraîne qu'il faille engager tout aussi explici- 
tement le corps professoral, et tous les autres acteurs de l'éducation, à l'endroit des 
6lèves. A cette fm, notre modèle plai& fmalement en faveur d'une exploitation plus 
systématique et plus intensive de la structure de contr6le "naturelle" que constituent les 
&motions à cet tgard: oui, la col&e, lorsque l'autre transgresse les règles, la culpabilité 
lorsque l'on fait soi-même défection, la joie pour célébrer les acquisitions, que ce soit en 
alliances ou en connaissances nouvelles, la tristesse lorsqu'il y a eu perte ou khec. pour 
signifier la careace qui handicape et le soutien des autres qui est dors requis. 

Bien sûr, une telle conclusion peut surprendre. Mais que l'on songe seulement l'utilité - 
voire ;l la nécessid - de ces structures dans le contexte familial. pour accueillû le nouveau- 
nt5 qui ne parie pas encore. arriver & déchiffrer ses besoins, lui communiquer les premières 
règles de conduite, l'aider a constinire ses propres niches de confiance et de &unté, et 
I'inaoduire daos la communauté liaguistique comme instrument privil6gi6 d'adaptation il 
son milieu sociaL Que l'on songe egalement il leur m u e n c e  d'utilisation, par un sourire, 
un cri, un reproche ou un geste d'excuse, sur la rue comme au travail., pour g6rer la 
majorité de nos rapports quotidiens, Que l'on songe finalement l'extrême utilite de ces 
rnbnisrnes lorsqu'ii s'agit de franchir les barri5res & langue et de culture, et même pour 
interprtter de façon &untaire les comportements d'autres espèces. jusqu'à pouvoir 
parfois entrer en contact relativement "intimen avec elles. C'est l'omniprésence des 
emotions dans toutes nos activités que nous avons essaye de mieux comprendre par ce 
travail. en même temps que l'extraordinaire puissance d'action qu'eues rendent possible 
sur nous-mêmes et sur notre entourage. li nous a semblé que de mieux comprendre com- 
ment elles s'avéraient si utiles ailleurs dans nos vies., permenrait peut-être de les mettre 

6galement au service des objectifs de lWucation et & Pacquisition des connaissances 



5.4.2.  Une base plus formelle pour les approches sociocognitives 
en éducation 

Une autre contribution importante a Cté de montrer qu'il est possible de rendre compte de 

comportements apparemment aussi difficilement descriptibles que les réactions tmotion- 

neiies, au point d'en formuler des specifications précises pour leur éventuelle implantation 

dans des agents anifciels. Nous avons également tenté de montrer que ces mécanismes ne 

devaient pas être inscrits dans de tels systèmes uniquement pour des questions de 

convivialité. c'est-à-dire simplement pour "faire vrai" et donner à la machine un apparence 

plus "sympathique", mais qu'ils seraient même requis pour la conceptualisation d'agents 

informatiques ventablement autonomes, capables d'établir des rapports de coopération 

réciproque avec d 'aum agents de même facture. et de gBrer efficacement cette réciprocité. 

Or une telle base de formalisation est Cgalement bienvenue en sciences humaines et en 

éducation. où le nombre de variables en jeu est si Clevt et leurs interactions si complexes, 

qu'il semble souvent illusoire d'obtenir des modèles formels permettant des simulations 

réalistes et significatives. C'est notamment le cas avec les approches sociocognitives, qui. 

en ne se restreignant pas au seul individu comme siege de l'apprentissage. et en y incluant 

toute la richesse des interactions sociales où se trouve imbrique l'enfant, semblent s'être 

restreintes irrémédiablement à des thtories descriptives des phhomhes d'éducation. Le 

modèle que nous avons propos6 ici illustre au contraire qu'il est également envisageable 

de modéliser ces interactions complexes avec les outils de la simulation informatique et 

d'atteindre par la un niveau explicatif. Bien que nous n'ayons pas encore réalise nous- 

même une telle implantation. l'accueil et le succ6s que notre modèle a connus dans les 

différentes communautés d'intelligence artificielle où il a été pr6sent.é. nous permettent 

d'esperer que l'approche adoptée et les spécifications proposees ouvrent dans cette 

direction des pistes prometteuses. 

5.4.3. Des stratégies métacognitives aux stratégies méta-émotionnelles 

D'une fagon quasi unanime. les chercheurs en science cognitive et en éducation estiment 

que l'utilisation de stratégies metacognitives favorise considerablement l'apprentissage, et 

constitue même l'une des caractéristiques essentielles. aussi bien des blèves performants 

que des experts (Tardif, 1992). Or cette capacité à guider et contrôler soi-même ses 

processus d'acquisition de connaissances et de résolution de probltmes repose dans une 

large mesure sur une compréhension approfondie du fonctionnement de la mémoire et des 



autres processus cognitifs. De la même façon, il y a tout lieu de croire qu'une connais- 

sance plus articulée des mécanismes qui sous-tendent la dynamique 6motiomelle et les 

attitudes coopératives pourrait permettre la conception et  l'enseignement de stratégies 

"méta-tmotio~eiles", dont l'application pourrait alors résulter dans l'atteinte d'une plus 

grande autonomie chez les dèves, en leur redomant plus de contrôle sur leur propre 

motivation. Deux chercheurs en psychologie des émotions. Salovey et Mayer (1989; voir 

aussi Goleman, 1995), ont d'ailleurs proposé d'appeler " intelligence 6rnotionnelle". cet 

ensemble d'habiletés qu'ils dCfinissent comme suit: 

a set of skills hypothesized to contribute to the accurate appraisal and expression of 
emotion in oneseif and others, the effective regdation of emotion in seif and others. 
and the use of feelings to motivate, plan, and aEhieve in one's life. (Salovey et  Mayer. 
1989. p. 185) 

La premi2re composante identifiée par ces auteurs implique la capacité de reconnaître les 

experiences emotionnelles ressenties. aussi bien chez soi-même que chez les autres, ainsi 

que de les exprimer clairement, tant au plan verbal que non verbal. Ce type particulier 

d'intelligence inclut en outre la capacité d'agir sur les émotions, celles des autres comme 

les siennes propres. afin d'en assurer la régulation et le contrôle. Troisiemement, les 

émotions peuvent être utilisees de multiples façons pour favoriser et supporter le 

processus de résolution de problèmes. Toujours selon ces auteurs, les sautes d'humeurs 

pourraient mêmes eue mises à profit pour la génération d'alternatives, induisant plus de 

flexibilité dans la planification. Elles aident également à rediriger l'attention vers des 

stratégies qui n'ont pas encore et6 considérées. Par ailleurs, comme l'ont rédl6  plusieurs 

resultats de recherche (Isen, 1993). les kmotions positives favorisent generalement la 

réorganisation des informations en memoire, permettant une pensee plus créative. En 

présence de tâches difficiles, il est finalement possible d'exploiter le pouvoir motivationnel 

des Cmotions afin de soutenir l'intérêt, maintenir la persistance et contrer I'anxitté. 

Les strat6gies "mbta-émotio~elles" ainsi proposées. particulitkement dans le cas de la 

troisième composante, reposent cependant sur une conception plus conventionnelle des 

&motions, qui ne sont pas surtout envisagees sous I'angle interactif et social qui est 

priviEgi6 ici. Ainsi que nous l'avons mentionné plus haut, une contribution significative 

et originale du modele que nous avons élaboré est d'identifier les engagements comme 

"la" variable critique derrière le dklenchement et  l'expression des émotions. et d'offrir 

ainsi. pour les praticiens et les praticiennes de l'éducation, un levier explicite d'interven- 



Lions sur les motivations des elèves. en mettant à profit la puissance considérable des 

mécanismes émotionnels inscrits en nous 3 travers des millénaires d'évolution- 

5.5. Les avantages et les limites de l'approche 

Au terne de l'entreprise qui a mené 2 la rédaction de cette these, il nous semble finalement 

utile et pertinent de formuler quelques commentaires sur l'approche utilisée. Deux avan- 

tages retiennent particulièrement L'attention. En premier lieu. bien que nous n'ayons pas 

effectivement réalisé d'implantation informatique du modèle. l'approche d'ingénierie qui 

nous a habité tout au long de cette recherche a largement contribué au résultat obtenu. Elle 

nous a d'abord imposé la contrainte de spécifier les comportements émotionnels comme 

résultant de mecanismes concrets. d'une façon suffisamment précise qu'il soit envisa- 

geable de les reproduire artif~cieilernent. Mais elle nous a kgalement incité à rechercher les 

avantages et les gains, en termes d'efficacité et de productivité au niveau de la gestion des 

ressources. qu'il pouvait y avoir. pour une application informatique. à disposer de tels 

m&canismes. C'est en particulier ce qui nous a poussé à examiner. du côté de la thkorie de 

I't5volution. les contraintes d'adaptation qui avaient pu contribuer à favoriser la sélection 

de tels dispositifs. afin de reguler les tendances egoïstes risquant d'empêcher les membres 

des espèces sociales de tirer profit des MnkTices de la coopération. 

Une autre caractéristique importante de notre approche. est de nous être imposé la 

contrainte de tenir simultanément compte d'une multiplicité de champs de recherche. 

apportant chacun. par des angles différents. leur contribution à la compréhension des 

phénomènes kmotionnels. Nos arguments, nous les avons en effet puisé dans des 

domaines aussi diversifiés que la neurophysiologie, la theorie de I'évolution, l'éthologie. 

la psychologie des émotions. la psycholinguistique. les sciences de  l'éducation. la socio- 

logie et l'anthropologie. la théorie des j e u ,  la vie artificielle e t  i'intelligence artificielle 

distribuée. Malgré les risques de dispersion que comporte une telle diversité. nos contri- 

butions ont néanmoins étk accueillies favorablement par la cornmunaut6 scientifique 

internationale. Au congr2s de Baltimore (vou Annexe B). notre présentation avait etc5 

insérée dans la section portant sur la théorie des actes de langage. Dans la publication des 

actes du con* européen en i A D  (chapitre 4, section 4.3). notre communication occupait 

la section sur les fondements épistémologiques des systèmes multi-agents. Quant congrès 

de Cape Cod où nous avons prksend notre quatrième article (chapitre 4. section 4.4): 



The objective or the biennal SAB conferences is to bring together researchers from a 
wide range of backgrounds including ethology. theoretical biology. psychology. 
&ficial life. machine learning and robotics [...] The present proceedings are a 
cornprehensive and up-to-date resource for the latest progess in this exciting field. 
(Maes et al.. 1996, Preface, p. xi  - reproduite à l'Annexe C) 

La principale Limite reste toutefois l'absence d'implantation. même si nous avons tenté. au 
chapitre 4, de formuler un cemin nombre de spécifications, qui ont déjà r e p  un accueil 

favorable dans différentes communautés de chercheurs en M. Par delà le côté simplement 

spectaculaire d'une réalisation informatique. il y a également l'effet régulateur de ce 

processus qui révèle parfois l'incomplétude d'une spécification. son inefficacité 

d'opération ou l'apparition imprévue d'effets secondaires indesirables. Une implantation 

pourrait également générer plusieurs possibilités de simulation des comportements 

sociaux. qui seraient appréciables ici. notamment pour examiner plus en dttails les 
rouages de la coop~ntion. de la r6solution de confits. ou de la motivation scolaire. Nous 

restons donc persuades qu'il faut envisager là un prolongement important de notre travail. 

Un autre limite concerne la vtrification empirique de nom modèle. Bien que It: chapitre 3 
ait rassemble une multitude de domees empiriques A l'appui de notre Wse, il reste 

indispensable que des confrontations plus systématiques soient mises en oeuvre. En 

postulant qu'il y a necessairement un engagement en jeu drmére l'activation de n'importe 

quelle réaction t5rnotionnelle. notre théorie offre à la vérification empirique des proposi- 

tions falsifiables qu'il importe donc de soumettre à l'epreuve des faits. Par ailleurs. si 
nous avons raison de croire que les structures 6motionnelles constituent des structures de 

contrôle des conduites aussi puissantes. il est egalement important d'en tirer des applica- 
tions concrètes pour l'éducation. notamment au niveau de la gestion de ta classe et des 
stratégies pour favoriser la motivation des &%es. Au terme de ce périple, nous voici donc 

relance sur de multiples pistes d'action. Mais n'est-ce pas là ce qui rend la recherche aussi 

vivante et constitue son mérite premier? 
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ABSTRACT 

From  the^ earliest definitions. systems of distributed intelligent agents, so-called 
multi-agent systems (MAS) by the DAI community, telie on sociological theory and 
use cenvally the concept of cornmitment. A definition of this concept as well as a 
tentative computational model of commitrnents. emerge from research in sociology 
such as Elihu Gerson's and research in computer science such as Alan Bond's. Both 
threads lead n a d y  to the study of resource management. We claim that effective 
resource management in a diseiiuted system q u i .  powerfui control structure yet 
to be founded. We propose a mode1 of control that stems h m  the psychology of 
human emotions. introducing 'emotion-like cootrol shructures' that should k part of 
the fundamental defdtion of more autonomous. reiïable and adaptive multi-agent 
systems. We iiiustrak how the introduction of 'emotion-like control structuresa 
could improve a great deal the architecture of a computational model of distributed 
agendas, using a mode1 of communication mted in sptech act theory. 

Communities of cooperating autonomous agents as well as human societies use resources whose 
management is at the are of any o r g a .  activity. ksources are defmed more or less as energy 
is in physics, whatever is nquired for producing work : it basically amounts to the cost of work 
or actions. Withh animals or animats, needs, such as hunger and thint, are the motivational 
processes that insure management and regulation of directly consumable resources. be it available 
food or water for animds or processing tirne for a computer. These are first-order resourçel. 
Besides. there exist second-order resoums, which one gets only indirectly. through having others 
çommitied to provide them : newborns could get access to food only through having their parents 
provide the feeding resounies for them. 
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m, essentially measured in tcnns of reswce allocation and constrahts upon resourccs 
appear to be one critical m o n  for the setting up of multi-agent societies. By regdating exchange. 
they enable using each other as a way to âccess additional resources o t h e h  unaccessible or too 
costly to obtain. From k i r  earliest definitioas. systems of distributed inteIligent agents. so-caiied 
multi-agent systems (MAS) by the DAI cornmunity, relie on sociological theory [Gasser 911 and 
use centdy the concept of commitmentr [FJres 821. Building upon tIse seminal work of symbolic 
interactionists such as [Gerson 76]JBond 901 and Dongha 941 propose a definition and a 
computational mode1 of the concept of commitment that leads naauaUy to the study of resource 
management. We think that effective resourrc management in a distributed system rcquires 
powem>~control structures yet to be founded 

The main purpose of this paper is to sketch the design for such a model of contra1 that stems h m  
the psychology of human emotions [Oatlcy 921. The fmt section defines fint-order and second- 
order mourcu, and revisit the concept of commitments in this context. nie second section 
proposes a model of control that stems h m  the psychology of human emotions. It intrcxiuces 
ernotions as pwemil control structures that aft so as to protect agents - and societics of agents - 
fkom ruaning out of resources. t y p i d y  second-order-ones. The third section takes a closa look 
at the utilisation of speech acts as communication primitives between agents and introduces the new 
concept of grnotional acb, as a way to resoIve ambiguities iabercnt to the expressive and 
dedarative iilocutiooary categories. We clah that 'emotion-like controt structuresm should becorne 
part of the fundamental definition of more autonomous. diable and adaptive multi-agent systems. 

1 FROM WOURCE!3 TO COMMITMENIS 

1.1 ~irstsrd& and secondsrder resources 

If agents are ever to get autonomous. it will only be through getting cunûol over their motivations, 
by having ways of sening their own goals. Ihe idea of providing agents with the capability to 
generate their own top level goals is not alicn to the DAI community : it cm be found in Maes' 
earlier work [Maes 911 while the concept of motivuted ageney h introduced by [Norman & Long 
951. Motivations - neods and emotions - essentially have to do witb managing resources : this is 
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what is most crucial and vital for the agents. and what becornes tbeir ultimate goals. In the agent 
context. resoorces are defmed more or less cnergy b in physics : whatever enables - and is 
requhd for - producing work. It could be physical energy like beat or electricity or food. but also 
time. money. affiiation. power. knowledge ... Basically. the caacept sems tantamount to thc 
of work or actions. but it is however essential to refine it and distinguish at least two b d s  of 
resourccs : fm-order and second-order. 

tarder n s o u m  are direaly consumable ones that an agent already has at 
disposal (e.g. avdablc food or wata for anirnak. p d g  time or memory for 
cornputer). Needs - such as hunger. thint, fatigue. shelter. sex... - are the 
motivationai processes [Toatcs 861 that insure management and regdation of fm- 
order resources. 

are those that you get only indircctly. through having 
other agents committtd to give them to you : newboms d d  get access <O food 
only through having their parents provide the feeding rrsomces for them. Money as 
weli should be seea as a second-order nsource : any piece of money always 
amounts to a cornmitment to exchange some goods for i t  And one should keep in 
mind that it is always revocable. k it ody through the variation of currency! 

1.2 Commitments as second-order resources 

Commitments are essentialiy measund in knns of allocation ofresources and constraints upon 
resources [Gerson. 761 pond 901 [Dongha 941. niey appear as oae criticai reason for the Eetting 
up of multi-agent societies : by rcgulating exchange. they enaMe wing each other as a way to 
access additional resources that would remah otherwise unaccasible, or would bc too castly to 
&tain : 

An agent A certain of its rr~oarces to a n o k  agent B (commits stands 
for 'does not give right away. but promises to give eventuaüy.). As a consequeacc. 
B is docated ncw rcsources. whik A is constraincd as O tbc usage of its own 
resourres. Fot instance. A might bc constrained not to commate all of them and 
to take into account some amouat that bas to remain rvailable to fulfili the 
commitment. On the other hand. such commitment could a h  involve for A sethg 
the goal of aquiring for B some resourccs that A does not M y  possess. 

One important corollary is that. by vimie of making rrsources availabk, m e n t s  themselv~ 
are to be counted as resources. Within cornplex species that p u e  multiple goals. and who 
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absolutely requirt as such the oooperation of othcr agents. cornmitments might weil becorne the 
most important of ail mources! Hence. it is very likely that, in social specics Iike o u ,  
evolutionary forces would have favored and selecteà out preciscly those organisms that would 
have becorne quipped with powerfhl mechanisms to Uisurc control over commitments! 

II.1 The appraisal structure of emotions : Valence, Certaine, Agency 

positive and n- In higher (social or at least nurturing) animais, 

emotions - such as anger, f i ,  joy, sadness. guilt ... - are the motivational processes that insure 
management and replation of secondorder resources. namely commitwnts. Very much like 
needs, exnotions are powedal control structures that act so as to protect agents - and societies of 
agents - h m  ninaing out of rc~ources. Hencc they rrqoire king docated a higher level of 
proccssing priority than most other mechanism. These control processes arc triggered by 
signifiant variations in thc £iow of resources available or requircd for an agent (or a commmity of 
agents). niez indced ha to be rcguïar variations in the daily coasumption of ruounrs. without 
these ovcrpowerfiit processes intmening wirhin the ongoing computation. Signifiant variations 
here means that the amwnt of increase or decrcasc of rcsornces should exceed a certain predefined 
(although eventudly ajustable) S. 

There obviously bas to be two main classes of emotions. positive and negative. that deal 
respeaively with significative gain or l o s  in rawnrs OtSirling respdvely to ipy or W. 

- &gativt cm-, on the other hand, are used so as to patch the breach, slow 
d o m  the ninning wastt, and eventuaIly to cal1 for help so as to replace the U i c d  
las : they o p t e  as m. 

Of course. these processes are themselves costiy and it might not seem too adaptive to spcnd so 
much resoorces when one is a h d y  losing some. Yet. even if one has to pay for the plumber, it 
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might weli k worth to do so kfore completcly nuinina out of water! Sometimes. thic protection 
function of negative emotions against the loss would rather be met by setihg the agent in economy 
mode, i.e. by isolating it h m  the othen and reducing its activity levtl, as it often happenï with 
people sufiering h m  grief or severe distress. 

certajntv and t e m a l  dpnamlFa On the other hand, emotions being (as 

motivations) intrinsically related to the goal structrue of an agent, they forcchilly have to be relatbd 
also to planning and expectations. That is to Say, cmotioos are neassady subjcct to a 
d~na-, and could then be triggered by mticipated as weii as by gctud gain or loss (hence 
leading to hQpr or m. While actuai gains wodd be reinvested to obtain further rtsoufces, 
anticipated gains would rather insure goal persinence. by acting so as to justify sustainhg the 

m a l  investment, or even spending more resourccJ in the punuit of the camnt goal. W e  a d  

loss would trigger c a h g  for extra resources Wrn other agents, anticipated loss would rather 
induce signifxative change in the cumnt planning saategy. In order to do so, the requind 
resources wiii generaliy have to be substracted fiom other cumnt (goal-pmuing) processa that 
would then get temporarily (and even somehes dcfinitively) suspended. 

a a Mooteover, in multiagent 

societies, gains and losses arc most fquently causcd by the action of agents (self or others). In 
other words, due to the very structure of commitmcnts as second-oTdQ resourccs. agency is, in 
those societies, the general cause that a resource management system should'nanually' (Le. 
'evolutionarily") get a grîp upon! 

a, is understood as w- [Weiner 851 : if something important 
happens to agent A. this one tries to amiitlte the mponsibiüty to some other agent B. 
This is a way, for A, to get a grïp on who can be held responsible for the considend 
upcoming event in order to react efficiently. 

is the process that gets control over situations when a significant loss of resourcts is 
attributable to the action of another agent [Hutchinson 721 [ A v d  831 . On the other hand. if the 
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loss k caused by self, it is the guütemotion that stcps in. [McGraw 871 . Whui someone else is 
seen as nsponsible for some noticeable gain. pratitudc is triggerad. Fmaily. pndç takes charge 
when it is self that appears clearly responsible for the gain. 

m. Mness.  or are triggered eithcr when no attributable agency could be found as a 

cause for the loss or gain, or when there appean to bt no possible eontrol over the corzesponding 
event. From the 'point of view' of control structures over commitments, non-controllable agency 

is tantamount to no agency at aU, and thcre is no point spendlig rrsources against overpowerfd 
agents : better cal1 for belp then or fly away (and alest relatives to flee as well)! For instance, in 
cases of anticipated loss attributable to others. anger would be irigged only if there k something 
to k done agaimt the agents to preveat their wrongdoiog, while fear would be triggered if nothing 
couid be envisioncd to prevent it. 

II1  A Taxonomy Of Emotions 

Figure 1 summim the prcceding categorization of emotions. Although much refinement could k 
ineoduccd within each category (e.g. distinguishing guit h m  shamc). the taxonomy is pretty 
much congruent with the iatcaecting aspects of the cumnt 'appraisal thmies' in the psychology 
of emotion [Ortoay , Cion & CoW 881 [Roseman 911 [Scherer 881 [Smith & Ellsworth 851 . 

m. 1 Tbe appraisat stracûm fa thc basic categories of cznotions. 

The fmt four emotions Goy, sadness. hope and fear) act so as to set up or gcnerate new 

cornmitment. (through giving and sharing msources , strengthening affiliation, building up trust 
and confidence, caliing for heu and suppo K..) ktween agents. 
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It is pehps  mandatory to stress herc somc theoretical coasequencc of having rcstrictcd emotions 
to king commitwnts operators. This means that WC would n ~ t  count as 'fear proper' the escaping 
reactions of lower organisms such as fish, amphibians and most of the reptiles (bat happea not to 
have evolved limbic s t r u c ~ ) ,  but as king part of a simpler 'necd structurea. Our basic critezioa 

for counting a motivational process as an emotion. is that it should provide for somc 
communicative mcans in the service of hieragent bindiag (such as alarm or disûess &. waming 
growis. taii waving ...). 

The 1st four emotions @ride. guiit, gratitude and anger) a d  so as to h d l e  or prcvent the brcaking 
of cumnt commitrnents between agents (through praising or threatm.ing ...) or to strengthen and 
sustain them. Figun 2 Uustrates the mociel we have sketched so far foi the flow of control xdative 
to the management of resources. 

m@t+ 

Fig. 2. Th flow of conml in the management of -. 

It could be seen from this diagram that netds could themselves activaîc emdi011~ in their attempt to 

regulate a signifïcant vaiation of rcsources. for instance when a h u n n  baby gets d i s t d  or 
even ange& at not king fed. It &O seems to be the case that fmt-orda nsources d d  activate 
emotions dïrectiy. when the variation is large enough to cross the critical thrtshold so as to 

"launchn emotional expression 'evolutionariiya designed to commit othen to set in and ruict (so 
they would help or fiee or repent ...) : States of exhaustion often lead to distress, and sudden 
intense pain is a well documentai releaser of aager perkowitz 931 . 

- - 
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III EMOTIONS IN THE CONTEXT OF AGENT COMMüNICATION 

111.1 Agent commiinicatfon deals with commitments 

In the context of MAS, communication has to be about interagent binding, resource sharing, 
cooperation or conflict, and then has to rat upon atablishing and managing codtments. In 
other words, communicatioa has to be, in some way, closefy reiattd to the emotional conml 
mechanisrns. Obviously , al i  communications wiii not be emotional: variations in commitwntr (as 
resources) do not aiways exceed the criticai threshold (as stated above) kyond which emotions an 
triggered. But a l i  emotiom - as cornmitment operators - sure have to be communicative (Le. they 

have to make use of communication methods)! 

m3 0 Speech acts are communication primitives 

Both linguistic and DAI cornmunitics agree that. in human languages. the basic units of 
communication arc m, i r .  various ways of specifying - and, as a consequence. 
commitments [Cohen & Perrault 791 Wmograd & Fiores 861. Ciassidy [Swlc 791 and later 
[Vandemeken 901, refomulathg [Austin 62) both provide a taxonomy for these communication 
primitives. 

III3 * A  taxonomy of illocutionary speech acts 

Speech acts capture catcgories of statements (typically centad around verbs) as V ~ O ~ J  ways 

of specifying intentions and F i g r a d  & Flores 861 among communicating 
agents, and M y  introduœ a taxonomy of communicaîim primitives : 

O Ex~ressive soeech aets However there are a  few weii documented problems with this 

taxonomy. On the one hand, [Austin 621 and [Searle 791 themselves argue that the a r e s s i v ~  
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category has indecd a specid character ('a very hmy onem). and mort M e r  fomalisms of 
speech acts bluntly i g n o d  it [Cohen & Pemult 791 [Cohen & Levesque 90) [Singh 941 . We 
claim that expressive speech acts cluster intentions that should not klong to the s a w  pfocessing 
level as those from other categories, in padcular because they comspond to differcnt processing 
priorities. We would rather consider the expressive category as (vs speech acts). 

Our contention is uiat, although this category also hao to do with maoaging and conveying 
intentions. it simply does not stand on the same level as the o h ,  and rather comsponds, on the 
verbal level, to a 'vestigial' form of a more primitive undemeath layer for the hadling of 
comnlltments in social animals! It amounu to the verbal aspect of a much wider channel of 
emotiond expression (emotional acts) that aiready flows through various facial, posairal, or sound 
(vg. crying , yelling, growüng . laughing ...) behavion. 

: we contend that agent communication should 
aat acts whenever the threshold in the variation 

of second-order resources is exceeded or crossed ove.  

Hence, communication between agents shodd non only rcflect the verbal aspect of typical human 
communication but most importantly emotional non-verbal asptcb as weU. The choice of a 
platfom for a testbed should take chis into account : each script rutd by an agent for c o m m ~ -  
cathg with others would have to embody the spccfic way - in terms of specch acts or emotional 
acts - through which it operates upon commitments. One critical point ben about the ontology of 
communicating agents is that they should be hady able to ignore (or escape £hm =pouding to) 
emotional signals emittcd by othet agents, so that those signals codd. for instance, generate 
interrupts or reset cornputaticm. 

b t l v e  weech se& On the other hand, the case for declarativcs is ais0 peculiar : it looks 
like a very special device of using some authority (Le. agents with a high status - WEe judges in our 
societics) as a t h .  party or witness to guaranttt that a whok mmrnunity of agents would at once 
subscribe to or. get bound to) a new commitment (which for instance happens when a new status 
is ascnbed to some agent - '1 name you Presidentm - or when some object of collective usage is 
given a new name - 'Rom now on. this street wiU be calied Kennedy Avenue'). This peculiar b d  
of commitment, shared by a whole community at once. is closely nlated to what [Shoharn & 

Tennenholtz 951 tennd a yseful social law in computational envhments. 
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9 rtive. directive a n d i v e  -h SC& It tbm Io& as if classical categorits of 
speech acts did in fact encompass throe diff~cnt layen of canmunicating tds for se- up and 
rnanaging commitmcotJ between interacting agents. In the rniddle lay the categories most 
frequentiy refemd to and formaiized within DAI fitaaime and practice, namely assertivu, 
directives and promissives. that deal with commoa ongoing transactions between agents : 
exchanging information, rt~~est ing and promissing . bidding a d  contracthg ., 

Undemeath lies the more primitive (but also more powednl. controlwisc) laya of cmotiod acts, 
that sometimes emerge as expressive speech acts w k n  rcach the verbal Ieve1. Emotional acts 

are triggered when there is serious risk of bnaking cmgoing commitments or unforeseen 
oppominities of establishing ncw ones. Serious risk here meens that the variation in seand-order 
resources is exceeding some prcdefined thrrsbold. 

Fmaiiy. the top layer has to Q with dcclaratives, thaï arc uscd to set up new social laws : they 
hence providc a mcchanism fa estabiishing and distnbating new commitments at once across a 
whole commuaity of agento. They rcst on the esscntial c o d ! h  that the exniads status should be 
high enough to enforce the new regulation. so that d r a s  klonging to the same comrnunity 
would as such be constrained to respect it. 

IV THE DISTRIBUTED AGENDAS TESTBED 

The choice of a propcr ~estbed for the khd of amtml s t m c û ~ ~  WC have in mind is not obvious. 
Fit. the problem has to be cornplex cnough so as to rrqriire distn'buting computation ova  a small 
community of agents, yet it has to rcmain managcabk cnough so we could draw usefil 
conclusions h m  its implemtntation. 1t aiso secm hîcxcsting that it wodd be resonant or 
consonant with the b d  of probkms inhabithg the DAX aimirt. FmaUy. we fœl that the nature of 
the problem should - when raised in human or animal savtvs . . - fnsuendy, if not inherentiy. dl 
for 'emotioaal means of resolutionm. =uted mc&g schedulb ernerges as a rare w e  

satisfying enough with respect to al l  such criteria. 
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In the context of msetiag stheduling (agendas). 

* a :  - periods of time (to k docated for the various meetings); - p~ocessing priontr, - knowledgc (about self or others' available periods of the. or constraints, 
or prcfertnccs or cornmitmen@-.). 

- mmmitmcnts o v u  time puiods rescrved for the meetings; - rcliab'ity of thc knowledgc exchanged. 
. . 
1- of have to do with : rpc - alliances (or affiliation between agents that would then fcel cornmitted 

CO cooperatt with each o k ) ;  - saitus (iz. docated roles and power, dia could sometimes enable obtaining, 
or even irnposing. consensus among subordhates). 

From what we said in the beginning of this article rcgarding motivations. it should bc clear that 

goals (for instance. seüing some specific meeting) are basicdy about g&g resourcg (and h m  
then on, preseming them) or about 7 (and from then on, keeping them). But 
this does not preclude that they muld &O bear opon exchanging resources (k give away some 
resoums in order to 'buy' d e r  ones that arc rcquired for the cPnent activity). cspeciaiiy when 
this l a d s  to creating new commimients. Plans are means to achieve goals. ir. sequenccs of 
primitives or procedures (methods) owned by the agent. that could be auembled and executed so 
as to get to the enpected resnltp. As such. plans could be counted as part of the knowledge 
resou~cc. From the above. it is easy to sec that an agent's emotions are to be vuy clwcly nlated to 
its goal structure. For instance. blocking acccss to a required resource. would gcneraRy amount to 
goal blocking, which sure is one 'universal' way (ir. wide acmss cultures - and even across 
speciu!) of triggaing aaga [Avcrill83] [Hutchinson 721 [Odey 921 . 

In thc context of meeting schedulhg. that foredully bas to be many agents involved at the samc 
tirne. each punuing many differtnt goals. having to kecp and fuKi various commitments, 
sometimes requiring help and additionnai rtsources from a smaU set of htemening emotions. In 
terms of implemenîation. this means that not ody agents should be represented as dynamic entities 
and operate in paraliel, but this should be the case as well for goals. commitments and emotions! 
That is, al i  four concepts have to be represented as actors operating concumntly by sending and 
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receiving messages asynchronously [Agha 861. An agent does set a goal when asked for a new 
meeting, or as a subgoal of a cumnt goal (while following a pian). Achieving goals could mainly 
be done through cornmunicating with other agents and making ammitments with them. Of course. 
some checks and bookkeeping also have to be performed within the agent's interna1 state. be it 
only to make sure that the target period is fiee. or that the W e s t  does not interfere with other 
commitments. Sometimes, meetings could be sealed quite cas* . when there is no conflict as to the 

allotted period of the.  But with many people from many différent groups, there are pmblems to be 
solved (and plans to be unfoIded) often enough, especidy as time goes and as mon periods get 

allocated (hence becoming unavailable for m e r  meetings within the critical tirne schedule). Then 
an agent might think of reconsiderhg a c o d t m e n t  concerning some 'minor' meeting, or try 
make use of alliances and status as resources in convincing otbas to revoke theirs. This is typically 
on such occasions that emotions do step in! 

In the spirit of this testbed, one should envision that some reqtrests have high enough priority (as 
when the meeting is about getting a doctor for an urgency'k if the requester owns a much higher 
status than self) so that reactions such as fear or distress do appear 'naturaln and practicdiy 
unavoidable. In order to be able to intempt ongoing activity. motions actors shodd be docatcd a 
higher processing priority than goals actors or comrnitments actors. Emotions are to be triggered 
when cumnt goals or cornmitrnents go awry. 

IV.1 Implementation Issues 

The implementation uses the Actalk actor platform built on top of ST-80 [Bnot 941. It takes profit 
of the Smaiitalk exception handling system in which an exception is defmed as a situation when 
computation could not be cumpleted D n y  901. When such a situation cm be clearly d e s c r i i ,  it 

could also be fonsctn and prevented by having a signal w& for its occuxrence. Again. as was 
stated before, proper signals to raise for the triggering of emotiom have to do with signifcant 
variations in the stock of resources. more precisely those hvolved within the critical goal or 
commitment (the one which caused problem). Once a signal is caught. control is transfered to a 
well-taiIored handler that could execute some appropriate piecc of code before resuming or halting 
computation. 

- - 
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Effective resoura management in a distniuted system requins powuful control structure yet to be 
founded. We proposcd a modtl of control, rooted in the psychology of human emotions. that 
introdufes 'emotion-likc coatrol structurrs' in the context of muiti-agent systems. We pointcd out 
how such control strucairrs fit nahually into an inter-agent communication scheme based on 
speech act theory. Their introduction improvd the poteatial autonomy of agents by taking 
explicitiy into account the management of the resources that arc the corc of their 8Ctivity and that 
should hence be part of the fundamental defdtion of more autonomous, reliable and adaptive 
multi-agent systems. 
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PREFACE 

The p a p a  in this book wue pnsenteâ at the Fourth Intemationai Conference on Simulatb 
of Adaptive &h.vior (SAM), hek i  at North PlrPnouth, Cape Cod, Massachusetts8 USA, m Sep 
tember 19%. objective of the bmnniil SAB eonkrenFeo b to bring togethec rescardwn 
fmm a wide range of backgrounds kicludhg etholw.. theoretical bio10gy8 ~ c h o i o g y 8  a x t i 6 d  
life, machine leaming and &tics, to hirther our imde~~tanding of the khaviors a d  und- 
mechanisms h t  d o w   huai and adiciai aniaafs ('axthats') to adapt and survive in uncet- 
tain environ men^. 

Adaptive Behavior Rsearch is distinguished by ib focus ai the modeling and mation of a ~ n -  
plete animal-hke systems, whidi-however simple ai the moment-may be one of the best mufés 
io understanding i n t d i ~ e  in naturd and a d i d  systcnr* Ihe h l d  rieceiveci initiai recogni- 
tim on the -on of the k t  SAB c o n f m ,  which was hrM in Paris in Sep- 199Q Sib 
sequent SAB confemxes (Hawaii, DeCernber 1992 and Brightan, Er@&, August 1994) dmv 
iMeaJing numbes of papers and participants. in 1992 'Lhe MT Pnss infmdztced the c p d d ~  
pumai Adapriet Bthaoior, and The International SociAy Tor Adaptive Behavior (ISAB) wrr emb- 
lished m l99%&& events frathcr matking the emxgene of Adaptive &via as a h9 
fiedged rdaiti6~ disdplin Ik present pmœedîngs M a compsehensive a d  uptudaîe re- 
source for the &t progiar in 85 exciting field. 

The 66 p p  prcsented at the conference and pubüshcd here wuic selected hona 150 abmis- 
sions after a twwpass review proces design4 to a>nue high and consistent o v d  Quatib Ihc 
authon focus m wdEdehed d e l S . .  compuk simuîaths, and robotics demais6ations h t  
hdp characterk and ampare various o c g a n h ~  princpGeP or amhitectus capable d in- 
ducing adaptive behavia in real animals or synthetir agents. ïhe prpen - o r d d  - 
to the scaie at wh*h adoptive behaviot t a k  piace, rmgaig b m  immediate adaptation hr sen- 
~orixnotor contd, to Lanring within an MimaVs l&the, to adaptive Wvvior dibited bp - 
cessive generatiDN of animats, a d  M y  to adaptive colledive behavior of anirnats in graip 

in addition to the pmaitaüms of accepteci papas, a number d . .  . mseadms 
gave -te Ischires. nit SAB% Keynote laduren wenz 

James S. A h ,  Head of the htelligent Systems Division at the National Institute d Stan- 
duds and T i o g y f  picmer m roboties and neurai network, and autha of Brpih.. &lbp 
ior,ond~8wh~popa7hcEngincaingdMmd'hindddhi(h0~, 

C. R GaEsM, Professor of Psychology at U C U  md tfie author of 7ize Orgmizntion qtnm- 
hg and Anmvl Cognition; 

f. k Scott Director of the Center for Cornpiex Systems at Florida Atlantic University 
and author of Dynmnic Pufkms:  nit y-Orgmuurfton . . q J B l o i n a n d w  

David Tourebky, Senior Research Scientist in the Compter Science Department and the 
Center for the N d  Basis of Cognition at Carnegie Meilon University, author of î7u kWh- 
a ~ r i a o f I ~ S ~ .  



'Ihe conference and ib pnmdirgs couid not have happeneci withatt the nibstantiai help of 
a wide range of people. F i  and fommart, we would Iike to thanlt the members of the P~ogram 
Committee. * y  thoughthùly R * W ~  d the submissionr and worlild with many of the au- 
thon to ensure a high standard in the ampted papes. ïhe Committee mcmkn w w :  

Peter Angehe, USA 
Randaii Beeq USA 
h h o n  Booker, USA 
Thocnas Conett, UK 
J a a p s  Ferber, F r a m  
Sicm G i s z t e ~  USA 
InmM Harvey, UK 
Phil Husbands, UK 
Hamy Klopf, USA 
David McFarland, üK 
Ceofapy Miller, Gennany 
Alansdiultz, USA 
Tim Smithers, Spain 
Luc *ls, Wgium 
F* Toates, UK 
sabu30 Tsiqi Japan 
David Wala, USA 

Ranald Ar& USA 
Bmce Blumberg, USA 
Dave CM, UK 
Ho& Cruse, Germany 
MO Floreano, Itaiy 
John Hallam, üK 
Ian Horswill, USA 
Leslie Pack Kaeibing, USA 
Midrael Litîman, USA 
José dei R MiUbn, Italy 
Rolf Pfeifer; Switteriand 
Jean-Jacques Slotine, USA 
Ernr.net Spier, UK 
LyM AndRa Stein, USA 
Peter Todd, Gennany 
Patndc Tufts, USA 

Professor Hexkt Roitblat of the University of Hawaii contributeci his wisdom and experi- 
aup with previnrr SAB conferences throughout the planning and preparation Ior WB%. We are 
veryptefultohim 

We are indebted to our sponsors, 

Ihe Office of Naval Rereareh for genuau 6Mncll! suppoit; 
me kt R Bauu Foundation for its support of icademic activities at the Volai 
Center for Cornpiex System~ of Brand& University; 

The Litexnational Society for Adaptive Behavior for early support and spoz~sorship. 

The enthusiasm and h d  work of nuaierous individuais was -tîai to the conferaice's 
. success. We &as& Christie Wvidson of the M T  Media La. for administration of thr pmgram 
and ~ v i e w  pmau. W e  are grakfui to the Brand& Compter Scienœ Department, 
Myma Fox, Jeanne &Baie, and the student staff of the Department O-, for th& work in the 
l o c a i , p r o m ~ u d h n i n c i i l . r p e c b o f t h e ~  A l a n a u i z i e e q J t ~ m y G ~ a n d  
ilryeh Primus provideci indispensable Worici-Wde-Web and romputet support 

Finany, m are cmce ag* -y indebted ta Jean Sol4 for the utistîc conception of the 
SAB96 poster and the pIOceedings COVQ 

We invite r e a d e ~  to enjoy and profit h m  the papapers in this book. and look fonvard to the 
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