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CHAPITRE 1

INTRODUCTION GENERALE




‘aptitude a faire du commerce, c'est-a-dire a séaldes transactions entre individus, est
L caractéristique de I'espece humaine ; elle lerdisie des especes animales et des autres
hominidés que sont les grands singes. Selon B(1882), « la transaction économique de
base dans une économie de marché est celle dalgeha savoir le transfert réciproque de
valeurs économiques entre individus ». L'argentleste de ces valeurs mais les réseaux
d’échange utilisent fréquemment le troc, c’estt&diéchange de biens ou services de
différentes natures.

Afin d’assurer et maximiser son profit, un agertr@mique doit développer un ensemble
de connaissances et de méthodes lui permettanpldieet au mieux les informations a sa
disposition. Réaliser une transaction mobilise@@apétences telles que I'aptitude a donner a
une personne inconnue, anticiper un retour, juger rsques liés a la transaction ou au
partenaire d’échange, et adapter son comportementoaséquence. De telles facultés
n'‘apparaissent pas nécessairement au méme stadlenttyeneése. Elles sont liées au
développement d’outils cognitifs permettant a liindu de s’engager ou non dans des
interactions réciproques, tels que les compétemeeeriques, le contrdle de I'impulsivité, ou
la théorie de I'esprit.

Au cours de ces dernieres années, un grand chasujplofiaire a vu le jour pour tenter
d’expliquer le comportement économique des étresams : léconomie expérimentald a
fallu plusieurs décennies pour convaincre de laitalde la méthode expérimentale a étudier
des interactions économiques dans un contexte ifingle laboratoire. Marquée par
l'attribution en 2002 du prix Nobel d’économie a e Kahneman et Vernon Smith,
I’économie expérimentale consiste a réaliser dpgmances en environnement contrdlé afin
d’isoler et modéliser les éléments de la décisiodividuelle. Selon Roth (1988), ses
principaux objectifs consistent a tester les piénhis théoriques existantes en les confrontant
a des données obtenues expérimentalement en laibergpeaking to theoristsa explorer
des situations peu ou mal théorisés=a(ching for facfset a aider a la décision en permettant
d’évaluer I'impact de certaines mesures, les effaise stratégie, ou I'efficacité d’'une option
(whispering in the ears of princesBien qu’il ne permette pas toujours de modéliser
d’expliqguer I'ensemble des choix économiques, catil od’analyse du comportement
contribue de maniére notable a notre compréhemgsméterminants de la prise de décision.

Malgré I'importance des interactions économiquessdas sociétés occidentales, la rareté
des études sur la prise de décision chez les jeanfasts en situation d’échange avec un autre
partenaire est surprenante. Si les dons et échasgas couramment utilisés lors des
transactions chez I'adulte, ils sont en effet égalet présents chez les enfants (Cohen, 2006)
ce qui révele chez ces derniers I'existence de étenpes économiques. Les jeunes enfants
représentent des acteurs de plus en plus actifa densommation, devenue aujourd’hui
facteur d’intégration sociale. Un tel constat adioha s’intéresser a la relation qu’ont les
enfants a l'argent, la publicité ou aux marquesrt{B& Bombi, 1988 ; Furnham & Lewis,
1986 ; Stacey, 1982). Pourtant, notre savoir emderde compétences nécessaires a la prise
de décision individuelle reste pour le moins ladteehez I'enfant.



L’'objectif de ce travail de thése est d'étudier développement des compétences
economiques et des facteurs de décision chez l@stenen situation d’échange (1) en
évaluant I'dge auquel ils comprennent I'utilisatide don et de I'’échange comme un moyen
de maximiser leur gain, (2) en testant s’ils inéggre colt temporel associé a un échange, (3)
en recherchant s’ils sont capables d’ajuster lewestissement au comportement des
partenaires d’échange, et (4) en examinant leutudpt a prendre en compte le risque
inhérent a la situation d’échange. L’étude desquarnces liées a I'age doit permettre de
préciser comment se mettent en place ces compéténocromiques.

Je commencerai par rappeler la place qu'occupeoi@mie au sein des sociétés
moneétaires et non monétaires, et dans quelle meflerest présente dans la vie quotidienne
des enfants. J'exposerai ensuite les différentsehesdet théories développés pour I'étude des
comportements économiques. Enfin, je détaillerai dieveloppement des compétences
cognitives et sociales nécessaires aux transacticorsomiques avant d’exposer les objectifs
de cette these.

1. LAPLACE DE L ’'ECONOMIE CHEZ L 'ETRE HUMAIN

1.1. L’échange et le don dans les sociétés non miaies

Dans les sociétés traditionnelles ou le systemaarnmue n’est pas basé sur l'argent, les
transferts de biens et de services ont lieu sotmdale don et de retour de don (Mauss,
1967). En général, les transactions ne sont pagidoelles mais collectives entre personnes
de méme famille, clan, tribu, qui traitent en grewqu par I'intermédiaire de leurs chefs. Ce
ne sont pas exclusivement des biens et des richaddes économiquement qui sont
échangés ; tout est matiere a transmission ;. pséte danses, cérémonies, fétes, services
militaires, femmes et enfants. Le temps consacré aiiviteés collectives est en effet
supérieur a celui investi au travail : les sociatéschasseurs-cueilleurs devant se déplacer
frequemment pour éviter de tarir leurs sourcespt@gsionnement, les objets régulierement
transportés et donc les biens sont de confectraplsiet demandent un minimum de travail.
La circulation des richesses fait partie d’'un canhtmoral beaucoup plus général et plus
permanent que celui d’un simple échange, la récigrae réalisant sur le long terme.

Bien que les dons paraissent volontaires, ils seduypsent frequemment sous la contrainte
d’obligations |égales ou sociales, I'économie étairh souvent indissociable des catégories
familiales, religieuses ou politiques. Le don ese lgarantie de paix au sein de sociétés
segmentées en clans. La régulation sociale ssaéakntre des groupes familiaux entiers, les
relations sont souvent intenses : on s'évite os®ffait la guerre ; on donne, on regoit et on
donne en retour. L'acte de donner crée donc undamal et “refuser de donner, négliger
d’inviter, comme refuser de prendre, équivaut alatéc la guerre” (Mauss, 1967). Ce
systeme de dons/contre-dons, pratiqué autant chszchasseurs-cueilleurs des tribus
ameérindiennes d’Ameérique du nord que de l'océarififae et des Indes, est communément
nomme potlatch et a pour but dimpressionner l'autre par sa gesi&¥ et le mettre en
difficulté pour rendre la pareille. En Nouvelle Gée, lekula consistant & échanger des biens
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symboliqgues sous forme de colliers et braceletsnpemrégulierement de réaffirmer les
alliances politiques entre groupes ethniques guaréent pas la méme langue (Malinowski,
1922). Le don et les transactions économiques eérgéne sont donc pas libres mais réalisés
entre groupes organisés de vendeurs et achetéstajeurés par les relations entre groupes.
Lors d'échanges marchands par exemple, un indinelypeut entrer dans une transaction
commerciale avec un acheteur qui serait déja araliec un autre groupe (Sahlins, 1972).

Dans les sociétés non monétaires, les transaa@asent sur la notion d’honneur. Ne pas
rendre peut affecter la relation avec le partenaireentacher la réputation de I'individu au
sein de son groupe (Mauss, 1967). Au contraire, éidsanges conferent a ceux qui y
participent prestige social et renommee : les dnsartages de nourriture observés chez les
Ache ou les Hadza par exemple permettent aux dnassBameéliorer leur réputation
(Hawkes, 1991 ; Wood & Hill, 2000). La générosit&t enarque de pouvoir et permet a
l'individu de faire progresser son statut politiggen rang hiérarchique et celui de sa famille
sur I'échelle sociale. Des comportements de typ&imigateurs (que ce soit en terme de
prestige ou de biens matériels) peuvent donc apipardans les sociétés non monétaires
(Malinowski, 1926), mais I'échange équitable de daeincontre-don reste a la base de
I’économie ; I'échange dépasse ainsi la simpleomoti'optimisation des gains « on ne donne
pas pour recevoir ; on donne pour que l'autre donfleefort, 2000). D’apres Sahlins (1972),
I'Homo economicug« homme calculateur »), cherchant systématiquermanbximiser ses
biens, serait donc une figure inventée par I'écaeamcidentale.

1.2. Le développement de I'économie dans les soégtonétaires

Dans les sociétés monétaires, le don réciproquémmiel reste couramment utilisé :
invitations, politesses, et cadeaux de cérémonié aatant d’échanges de bons procédés qui
doivent étre rendus ; on retrouve I'équivalentpadlatch dans le cadre de contributions aux
repas communautaires (apport spontané d'un plad’'aone boisson pour tous), ou de
I'obtention d'une position hiérarchique plus élee@efonction de la qualité et de la quantité
des contributions (un engagement volontaire plusomant dans une association donne un
acces prioritaire aux ressources collectives). Ceget, la grande majorité des échanges se
réalisent sur la base du marché a travers I'adhiat wente de biens utiles économiquement
(terres, outils, etc.).

Ce marché d’échange nécessite la mise en places dluonnaie constituant un bien
standard durable, échangeable contre tout. Danéclmsomies pré-industrielles, il prend la
forme dacier, d’'or, de métal (Afrique), de sel, dequillages, de plumes d’oiseaux
(Mélanésie), ou celle d’argent dans les sociéetes plodernes (Bonvillain, 2010). Si les taux
(les prix) auxquels les biens et services échasgas plus ou moins fixés, le marché reste
libre dans la mesure ou chaque parti peut choigjuiavendre ou acheter ses biens ; la
monétarisation favorise donc la création d’'une éotie indépendante libérée des contraintes
sociales, politiques, religieuses ou rituelles @fistote, 1992 ; Sahlins, 1972), permettant
ainsi le développement de réseaux d’échange eefgemce d’'un commerce a grande échelle.
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L’autonomie de I'économie moderne par rapport awtxeg secteurs garantit une stabilité
sociale du fait des relations directes existanteeimdividus moins intenses qu’entre groupes
familiaux entiers. Dans les économies modernegraasferts réciproques prennent la forme
d’échanges bidirectionnels ou deux partis décidéitiellement d’échanger un bien pour un
autre. Les échanges sont fondés sur la base ditnatondividuel |égal entre vendeur et
acheteur, entre salarié et patron impliquant destations mutuelles, méme si le profit tiré de
cette relation est une motivation importante.

1.3. L'enfant face a I'’économie

Aujourd’hui, I'enfant occupe une position importantians les systémes économiques
fondés sur une économie de marché (Bonvillain, R0D&ns les sociétés occidentales,
I'élévation du niveau du pouvoir d'achat, le dépplement du temps libre et I'attention aux
besoins ou désirs des enfants les placent dar@dedtacteurs économiques des leur plus
jeune age (McNeal, 1992). Avant de prendre pafaden efficace au marché des adultes, les
enfants doivent acquérir des capacités appropeggnatiere de consommation et d’échange
(Cram & Ng, 1999). Depuis une trentaine d’années,ndmbreuses études ont tenté de
déterminer ce que les enfants comprennent de K@ et de leur réle en tant que
consommateurs (John, 1999 ; McNeal, 1964 ; Mosdii8y7 ; Young, 1990). Apres I'étude
de leur connaissance du monde économique aduli@digrmsalaire, banque ; Berti & Bombi,
1988 ; Furnham, 1996 ; Leiser et al., 1990), leheeches se sont orientées plus récemment
sur la compréhension de leur propre comportemewminagiaique dans des situations
guotidiennes (maison, école, loisirs) : d’abord @aéme des transactions économiques qui les
entourent, ils deviennent rapidement acteurs diregtindirects de ces transactions. Ajoutons
enfin que la plupart des études expérimentales éheldppement de I'échange ont été
conduites dans les sociétés occidentales.

1.3.1. Un témoin privilégié des transactions écoiopies

Deés le plus jeune age, la sphere familiale reptésen lieu propice aux enfants pour
'observation des comportements économiques (Wel695). Les dons ou échanges de
biens et de services entre membres de la mémddasuitt couramment utilisés, par exemple
lors des repas ou des anniversaires (Barrett & &ue-Barrow, 2005). La télévision et les
annonces publicitaires représentent la secondeealinformation utilisée par les enfants
pour réaliser une transaction (Adler et al., 198@ssare & Roland-Levy, 1989 ; McNeal
1999). Enfin, les centres commerciaux représenpentr la plupart I'une des premieres
expériences du marché économique (Leiser et &0 1Webley, 2005) ; durant les achats,
les enfants sont exposés a une variété de sitgatavorisant I'apprentissage des lieux et
acteurs des transactions, des biens mis en jeurteius du principe de I'échange d’argent
contre le ou les biens désirés (McNeal & McDarl®81 ; Stephens & Moore, 1975 ; Ward
et al., 1977). Les enfants apprennent ainsi commégbcier et observent de nombreuses
prises de décision, obtenant un savoir sur ledgigbnt baser leurs choix futurs.
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1.3.2. L’enfant, agent économique

Les enfants ont de multiples occasions d’obsemdohctionnement de I'’économie mais
de nombreuses expériences en font également desrsagblus ou moins directs des
transactions qui les entourent. Dés 2 ans, lesnenfont couramment appelés a choisir les
plats qu'ils préferent dans les restaurants ofrigsdises et les jouets dans les magasins, bien
gu’ils n'aient pas encore les moyens de finaliadrdnsaction (John, 1999 ; Warneryd, 1988).

La famille fournit régulierement aux enfants I'oppmité d’étre des consommateurs actifs
(achat du pain par exemple) en leur permettant élianer leur compréhension des
transactions et du réle de I'argent en particuligsrgent en tant que monnaie d’échange est
une notion acquise vers 4 ans lorsque les enfamtgprennent la nécessité de donner de
'argent pour obtenir un objet (Marshall, 1964 ; stzall & Mac Gruder, 1960 ; Strauss,
1952). C’est précisément a cet age que les parentmencent a donner de I'argent de poche,
un moyen utilisé dans la plupart des pays industis pour inculquer aux enfants la valeur
des objets et de l'argent (Furnham, 1999 ; Lassk86 ; McNeal, 1992 ; Mortimer et al.,
1994). En effet, a 4-5 ans les enfants calculeathal’d le prix des objets sur la base d’attributs
visibles tels que leurs propriétés physiques éaitirme), puis de leur utilité & 7-8 ans (Capon
& Kuhn, 1980 ; Davidson, 1991 ; Turner & Brandt,/89 Wartella et al., 1979); ce n’est que
vers 10 ans qu'ils estiment leurs achats potents#$on des -caractéristiques plus
fonctionnelles telles que la rareté, la qualitécdmplexité ou le temps et les techniques de
fabrication (Berti & Bombi, 1988 ; Fox & Kehret-WHr1990). C’est également I'age auquel
la notion de profit tend a émerger : un individgga de I'argent uniguement s’il revend ses
biens plus cher que ce qu’il a payé pour les obt@erti & Bombi, 1988 ; Burris, 1983 ;
Danziger, 1958 ; Furth, 1980 ; Jahoda, 1979). @Gg &pprentissage conduit a s’interroger sur
la pertinence de donner a des jeunes enfants dgeti a dépenser alors que leur
compréhension des bénéfices et de la valeur dedsobjest pas encore acquise. On peut
eégalement se demander dans quelle mesure les dEmnéfies d’'un échange seraient mieux
compris dans des taches plus simples n'impliquastg notion d’argent.

De nombreuses sociétés possédent une économieondéef sur I'argent et, méme dans
nos sociétés modernes, il existe encore de nonmdgsaliies d’activité économique qui ne sont
pas monétisées (la plus notable étant la spherdlidean Les relations entre enfants
représentent a elles seules un marché économiguieoate a I'abri du contrdle des parents et
des autres adultes (Cram & Ng, 1999). Au sein denaeché, les enfants les plus jeunes
commencent a réaliser des offrandes, sans cortilepaconnaissance exacte de la valeur de
ce qui est donné, mais dans I'objectif unique dgrela quelqu’'un d’apprécié. Les pratiques
de troc s’instaurent un peu plus tard. L'ethnolofetalande (2003) a observé par exemple
chez les enfants de 4-5 ans des échanges de «s&tidté dans la cour de récréation. Au sein
de ce marché, les enfants sont également amenégagier d’autres biens sous la forme
d’échanges qualitatifs sans réelle comparaisoredeMaleurs respectives : négociation d’'un
golter (pomme par exemple) contre un autre quingstdit par les parents (bonbons), ou
échange d’information visant a mieux duper les igmsats ou les parents (Cram & Ng,
1999 ; Nukaga, 2008). L’envie immédiate d’'un enfanson pouvoir de persuasion vis-a-vis
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d’'un pair constituent les éléments clés de la n@tjoa. Le troc peut se transformer en une
activité plus complexe au cours de laquelle lesamsf procedent a des opérations de
classification reposant sur la confrontation desigurs criteres d’évaluation. C’est ce que
soulignent les échanges quantitatifs : billes,ures, stylos, timbres, images, cartes ou pogs
(Cipriani-Crauste, 2000). La capacité des enfaratendre la meilleure offre pour échanger
des cartes a la mode, par exemple, montre queinrdienchere est également bien présente
(Barrett & Buchanan-Barrow, 2005). A travers le®cs, lI'enfant va mobiliser les
connaissances acquises pour les transférer swafeactions monétaires plus abstraites.

Différentes explications ont été proposées pourdnencompte de la diversité des
transactions observées chez les enfants. Le tratdaut d’abord un objectif relationnel
permettant de s’attirer la sympathie de ses paits gevenir ensuite un gage d’amitié entre
deux individus ; I'approche purement ludique deli@gnge a également été proposée dans la
mesure ou le plaisir de discuter, de montrer sesgssions et de les comparer a celles des
autres est en soi une finalit¢ de I'échange posrdefants (Webley, 2005). Enfin, les
échanges pourraient avoir une justification écogom®i Pour optimiser les gains obtenus, les
enfants doivent connaitre au préalable les norméseaegles a respecter pour conduire ces
opérations sans se voir sanctionnés par des echaggequilibrés. Il est donc nécessaire
gu’ils déterminent si la transaction qu’ils vienhese réaliser est un troc qui leur est
favorable, défavorable ou a bénéfice équivalentr pes deux partenaires (Webley & Lea,
1993). Une telle compréhension est conditionnédepdéveloppement cognitif et social que
je décrirai plus tard.

2. L’'ECONOMIE EXPERIMENTALE DANS L ’ETUDE DES DECISIONS ECONOMIQUES

L’expérimentation en économie est un outil esséntie I'analyse de la décision.
Elle consiste en « la restitution, en laboratodene situation économique simplifiée pour
laquelle 'ensemble des variables est contréld’papérimentateur » (Denant-Boémont et al.,
2008). L’économie expérimentale permet ainsi defrooter les données obtenues dans cet
environnement controlé aux prédictions des théoeesnodeles économiques (Eber &
Willinger, 2005), et en particulier la théorie desix et la théorie de la prise de décision
individuelle. Pendant longtemps, les économisteslangement ignoré I'étude des enfants
dans leur approche de la compréhension des dégismmnomiques, les adultes et parmi eux
la catégorie des étudiants étant majoritairemetlicis®s pour participer aux expeériences.
Seules quelques études expérimentales récentédradsent aux compétences économiques
des enfants dans le but de déterminer le caradtére ou acquis de certains de leur
comportement (Fehr et al., 2008 ; Harbaugh & Kra@860 ; Harbaugh et al., 2003).



2.1. Théories et modeles de prise de décision
2.1.1. La maximisation de l'utilité

D’une fagon générale, on considere gu’un individid eationnellement lorsqu’il cherche a
atteindre des objectifs cohérents en employantmegens appropriés (Allais, 1955). En
economie, la théorie des choix individuels repasdes modele de la rationalité économique,
c’est-a-dire la maximisation de la satisfaction patention de biens ou services (Nofsinger,
2005) ; en d'autres termes, est rationnel ce quximmae la satisfaction. En situation de
certitude, cette théorie est qualifiee theéorie de [l'utilité (Utility Theory) ; les acteurs
connaissent parfaitement les caractéristiques gaens qui s'offrent a eux et basent leur
choix en fonction de leur préférence, représenteupe fonction mathématique nommeée
« fonction d'utilité ». La fonction d'utilité (notu(x)) permet de transformer les gains
monétaires des individus (not@sen satisfaction (ou bien-étre). Il s’agit par mypde, de la
satisfaction que I'on peut obtenir en utilisant woenme monétaire pour acqueérir tel ou tel
objet. Selon la théorie de I'utilité, chaque indwieffectue les choix qui lui permettent
d’atteindre le niveau le plus élevé possible désfsation, autrement dit, ils cherchent a
maximiser |'utilité de leurs décisions.

On doit remarquer, cependant, que les acteurs éuques prennent la plupart de leurs
décisions en situation d’incertitude : c’est le g@s exemple de linvestissement en outils
agricoles sans certitude de la demande future ¢ dentabilité de I'exploitation (Brossier,
1989), ou de l'achat d’'une voiture d’occasion saosnaitre sa qualité et sa valeur exacte
(Akerlof, 1970) ; chez I'enfant, c’est le cas dachat d'un lot d'images autocollantes sans
certitude d’obtenir celles qui manquent pour corgplén livret « collector ». En condition
d’incertitude, la théorie des choix a été qualifi@@ von Neumann et Morgenstern (1944) de
théorie de I'espérance d'utilittExpected Utility Theoly Dans ce cadre, les valeurs d'utilités
des options sont pesées par leurs probabilitégcteps et comparées par les individus pour
déterminer leur choix. Siest une loterie a n issues possiblgs kt probabilité du gaiw; (i =
1, ..., n), alors I'espérance d'utilité de 'indivisist égale a:

(O] = ) palx)

i=1

Les fondements de cette théorie reposent sur urie dé&xiome$ que des agents
rationnels sont supposés respecter pour maximeser dspérance d’utilité. Deux axiomes
méritent d’étre évoqués en particulier car leurlation a conduit au développement des
théories alternatives que j'aborderai dans cetegth I'axiome d’'indépendance et I'axiome de
transitivité. L’axiome d’indépendance implique cgiedeux loteries sont mélangées avec une
troisieme, alors les préférences des individusenens pas perturbées par la troisieme loterie.
L’axiome de transitivité implique que si une penserpréfere I'option A a I'option B, et

! Pour une description précise de ces axiomes, se référer a I'ouvrage de A. Mas-Collel, M.D. Whinston et J.R.
Green, Microeconomic Theory (1995), chapitres 1 et 6.
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'option B a l'option C, alors elle devrait préféreoption A a I'option C. En cherchant a

déterminer si des enfants agés de 7 a 11 ans tétmpables de maitriser 'axiome de
transitivité, Harbaugh et ses collaborateurs (2@@t)montré que la violation de cet axiome
diminuait avec I'age. Les enfants de 7 ans agistae effet de facon beaucoup moins

rationnelle que les 11 ans dont les capacités nttadquivalentes a celles des adultes
(Andreoni & Miller, 2002 ; Harbaugh et al., 2001).

2.1.2. La théorie des jeux

La théorie des jeux (von Neuman & Morgenstern, 1®#t une théorie de la décision en
environnement incertain qui prédit les choix indivels au cours d’interactions stratégiques
entre deux ou plusieurs personné&conomie expérimentale a permis de confronter les
prévisions de la théorie des jeux a des expérirtientaen environnement contrélé. Les sujets
sont placés dans des situations interactives dasquélles leurs bénéfices potentiels
dépendent des décisions des autres individus (veunmidn & Morgenstern, 1944). Cette
théorie postule qu’un groupe d’agents rationnel$éair@ des choix personnels dépendant des
choix effectués par les autres acteurs conceralds a pour objectif de déterminer quel doit
étre le comportement rationnel de ces acteurs. diemtions expérimentales suivantes
permettent d’introduire la théorie des jeux.

2.1.2.1. Coopération

Le dilemme du prisonnier (Sally, 1995) est la ditraexpérimentale la plus fréquemment
utilisée pour étudier le conflit entre I'incitati@ociale a coopérer et la motivation personnelle
a ne pas le faire. Ce dilemme entre intérét indieidet collectif se retrouve dans de
nombreuses situations politiques, économiques olalss, par exemple la concurrence entre
des entreprises alors qu’'une entente permettrdiirdeer les codts, ou la coopération entre
deux coureurs cyclistes d’'une échappée permettéum &’eux de remporter la victoire. Chez
les enfants, on retrouve ce comportement lorsque eefants s’accusent mutuellement d’étre
la cause d’'une dispute alors que tous deux éweraine punition si chacun présentait des
excuses.

Dans ce jeu, deux personnes qui n'ont pas la pbsgside communiquer choisissent
simultanément entre deux stratégies C ou D. Ardadfi jeu, chacune confronte son choix
avec celui de I'autre voisin pour déterminer somggour la matrice des gains proposée dans
le tableau 1, si le joueur 2 choisit C, jouer Cp@pe 3 euros pour le joueur 1 alors que jouer
D lui en rapporte 4. Si le joueur 2 choisit D, jo& ne rapporte rien au joueur 1 alors que
jouer D lui rapporte 1 euro.



Tableau 1. Matrice des gains pour le jeu du dilemmeu prisonnier. Le premier chiffre
(gras italique) correspond aux gains du joueur 16 second chiffre aux gains du joueur 2.

Joueur 2
C D
Joueur 1 C 3 euros, 3 euros Oeuro, 4 euros
D 4 euros, 0 euro leuro, 1 euro

Pour chaque joueur, D est une stratégie dominastechacun suit une rationalité
individuelle cherchant a optimiser les gains pengts) ils devraient donc opter pour la
stratégie D. Cette situation a la propriété d'&wmas optimale puisque si chaque joueur suit la
stratégie D, chacun obtient leuro au lieu des 8segu’ils auraient pu obtenir en jouant tous
les deux la stratégie C. La rationalité individaejpeut donc engendrer des situations
collectives inefficaces. Avec les gains proposéit observe qu’environ 60% des adultes se
détournent des prédictions théoriques : ils suivard rationalité collective les obligeant a
coopérer en sélectionnant la stratégie C (en espénae l'autre joueur suive la méme
stratégie) (Axelrod & Hamilton, 1981). Chez desae$ agés de 6 a 11 ans testés dans un jeu
du dilemme du prisonnier similaire, on observe amxtde coopération qui augmente avec
'age ce qui suggére un apprentissage progressifndemes sociales de coopération (Fan,
2000). Cela suggeére également que, dans certainasans, les enfants pourraient étre sur le
plan individuel des maximisateurs plus efficacesda’ils n'ont pas encore été soumis a
certaines regles sociales.

La version répétée du jeu permettant d’envisagguéstion de I'évolution des normes de
coopération a montré que, bien que les adultestgradtrahir I'autre joueur a I'approche de
la fin de jeu (risque de ne pas étre le premieesser de coopérer), le comportement de
coopération reste prédominant (Andreoni & MilleQ9B ; Axelrod & Hamilton, 1981 ;
Cooper et al., 1996 ; Selten & Stoecker, 19863stloptimal d’étre coopératif avec les autres
(jouer C lors du premier dilemme auquel on se teongnfront€), de punir son partenaire
lorsqu’il n'a pas coopéré (jouer D a chaque foisilcu joué D le coup précédent), de
pardonner et de revenir a la coopération dés gpartenaire se remet a coopérer (jouer C a
chaque fois qu'il a joué C le coup précédent). Batundiée chez les adultes et adolescents
(Jones et al., 1968 ; Tedeschi et al., 1969), itiaghe a adapter son comportement a celui du
partenaire mérite d’étre également approfondie &mpunes enfants.

D’autres études expérimentales comme le jeu dephibhc (Isaac et al., 1994 ; Janssen &
Ahn, 2003) ou le jeu d’exploitation d’'une ressoucoenmune (Hardin, 1968) ont permis de
généraliser le dilemme du prisonnier avec un nondeejoueurs et de stratégies plus
importants. Dans les modeles de bien public, pamgte, les individus ont le choix entre
contribuer a un bien collectif (cagnotte qui seastggée équitablement entre tous) ou agir de
maniére égoiste en gardant I'argent pour soi. Weeathéorique du jeu prédit qu’un individu
rationnel cherchant a maximiser son gain individuglcontribuera pas au bien collectif tout
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en espérant que les autres n'auront pas le mémpartament égoiste que lui ; c’est ce qu’on
appelle communément le comportement du « passdgadestin » (Olson,1965). Les
observations montrent que les adultes ne se coefurpas a la théorie économique et se
montrent plus altruistes en contribuant a la cagnadmmune a hauteur de 40 a 60% de leur
somme initiale (Anderson et al., 1998 ; Douglas &tH1993 ; Ledyard, 1995). Harbaugh et
Krause (2000) ont montré ce méme comportementistitrechez les enfants agés de 6 a 12
ans. Lorsque le jeu est répété, le niveau de tarioh moyen des adultes et des enfants plus
ages est d’environ 50% de leur richesse initidléered a diminuer au cours des répétitions de
demande de contribution au bien public. En revanchlei des jeunes enfants augmente avec
le temps, suggérant qu’ils sont moins guidés paekoin de maximiser leur bénéfice que les
adultes et plus désireux de maintenir une cooméraiciale. Il est probable qu’ils n’aient pas
encore eu l'expérience des avantages et désavantigda coopération dans différentes
situations, contrairement aux enfants plus agésnestpossedent donc pas toutes les
connaissances nécessaires a l'optimisation desidgsiéconomiques.

2.1.2.2. Confiance et réciprocité

Dans le jeu de la confiance, également connu cojamee l'investissement (Berg et al.,
1995), le premier joueur recoit une somme donnéegdht. Il peut soit la prendre et le jeu
s’arréte, soit placer la totalité ou une partiecete somme chez un second joueur. Cette
somme est ensuite triplée et le second joueur m@terle montant du total qu’il souhaite
remettre au premier joueur. La rationalité voud@ie le second joueur en position de
« dictateur » adopte un comportement purement &geisgardant toute la somme recue. Le
joueur 1 doit étre capable d’anticiper ce compoeteimopportuniste et ne rien lui donner
initialement.

Les comportements observés expérimentalement ifeemeépas cette solution théorique ;
la trées grande majorité des premiers joueurs mefeen effet, d’abord confier cette somme
au second joueur, et ce dernier lui en restitugéréral une proportion non négligeable (Berg
et al., 1995 ; Charness et al., 2010 ; Cox, 200dytefois, le montant est tel que le second
joueur gagne un niveau significatif du montant regiie a la décision d’investir du premier
joueur ; apres réception, le premier joueur reteoavpeine le montant initial. La confiance
n'est donc pas forcément payante. En effet, poue fie@ choix de coopérer (dilemme du
prisonnier), d’'investir dans une cagnotte (jeu dentpublic) ou ici de donner la réciproque,
les investisseurs doivent accorder leur confiahcesque le jeu est répété (Cochard et al.,
2004), on observe des niveaux de confiance etdprogité plus élevés que dans le cas d'un
jeu joué une seule fois. Cependant, lors des dsrtoers (connus a I'avance des joueurs), les
montants renvoyés sont plus faibles. Les résuttgt@rimentaux de Sutter et Kocher (2007)
ont montré que la confiance évolue avec I'age, argant entre I'age de 8 ans et I'dge adulte.
Il reste a déterminer si cela est di a une medl@stimation de la fiabilité du partenaire. En
effet, si ce jeu permet d’'une part de tester Idianone du premier joueur, il estime également
le degré de réciprocité du second, le montant ngpouvant étre vu comme une mesure de
la loyauté envers le partenaire. De plus, on agpem grandissant que ne pas honorer la
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confiance d’'un partenaire peut amener a des pusi{ieehr & Gachter, 2000). L’introduction
de mécanismes de sanction peut ainsi renforcendpération (Fehr, 2004), méme si elle a
parfois des effets inverses en introduisant unpisios entre joueurs et en inhibant certains
comportements coopératifs (Fehr & Rockenbach, 2dd8&)nouveau, on peut se demander si
'acquisition de normes sociales durant I'enfaneereprésente pas un frein a I'optimisation
des comportements, empéchant les enfants plus adésyerse des plus jeunes, d’adopter
une attitude plus égoiste et ainsi maximiser lgarss personnels.

2.1.2.3._Négociation

Le jeu de l'ultimatum (Guith et al., 1982) est urégaociation entre deux individus dans
laquelle le joueur 1 fait une unique offre au jauuqui peut soit accepter (auquel cas les
gains des joueurs sont conformes a la proposit®r’affreur), soit émettre un veto en
refusant les conditions proposées (auquel casees ueurs ne gagnent rien). Par exemple,
lorsqu’une somme d’argent de 10 euros doit étrartiépentre deux joueurs, la solution
théorique est que le joueur 1 fasse la plus petite au joueur 2 (0.01 euro) et que celui-ci
'accepte étant donné que n'importe quelle somnsitipe recue représente un gain. Chez les
adultes, les résultats montrent une tendance desduos a s’éloigner de la solution théorique,
les joueurs 1 faisant des offres entre 40 et 50%adeomme a partager, et les joueurs 2
refusant généralement des offres inférieures a @&tint, 1995 Gith & Tietz, 1990 ; Gith
et al., 1982 ; Neelin et al., 1988 ; Roth et #991).

Les enfants et adolescents étant régulierementisaudes situations du genre « a prendre
ou a laisser » par leur camarades, parents, esfarsoeurs, les jeux d’ultimatum apparaissent
comme des taches parfaitement adaptées pour étesieomportements liés a I'adge dans le
partage d’'une somme d’argent ou de friandises (Mbam, 1991). Les enfants agés de moins
de 5 ans tendent a étre égoistes dans leur offi@D, 1980 ; Handlon & Gross, 1959 ;
Harbaugh et al., 2003) bien que des résultats @ioedr aient parfois été obtenus (Murnighan
& Saxon, 1998). En revanche, ils acceptent soulesnoffres les plus faibles. Apres 5 ans et
jusqu'a l'age adulte, les enfants deviennent des o plus équitables, autant dans leur
réponse que dans leur offre de partage (Fehr,e2G08 ; Guth & Tietz, 1990 ; Harbaugh et
al., 2003 ; van Avermaet & McClintock, 1988). Bigo'un tel comportement ne maximise
pas leur bénéfice, il devient rationnel si on lacel d'un point de vue collectif. En effet,
comme je l'ai précisé précédemment, les normesakssciprédisent des mécanismes de
punitions pour des comportements égoistes ou pecmt pas la justice (Fehr & Gachter,
2002) ; il est donc rationnel pour un individu @aencer a une partie de ses gains et de faire
preuve d'équite.

Ainsi, I'issue de nombreuses décisions individigetiepose sur des choix permanents entre
bénéfices personnels et intéréts collectifs. Lesultéts expérimentaux ont montré de
l'altruisme dans les comportements stratégiquesimthigidus basés sur la confiance et le
désir d’équité (Eber & Willinger, 2005). Un des etljfs de I'’économie expérimentale a donc
été d’étudier les choix individuels lorsque sealenaximisation des gains personnels entre en
jeu.
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2.1.3. La théorie des perspectives

Certains comportements non rationnels mis en ég&dans les interactions sociales, ainsi
que la description de nombreux biais dans des lestiempiriques ou d'économie
expérimentale ont montré l'incapacité de la thédeid'espérance d'utilité a refléter de facon
acceptable la prise de décision dans un contexteettitudé. Ce constat a donné lieu au
développement d'alternatives comportementales comemeanodeles d'utilité dépendant du
rang (Quiggin, 1982), la théorie des perspectikahfeman & Tversky, 1979 ; Tversky &
Kahneman, 1992) ou, plus récemment, celle des womgaoptimales (Brunnermeier &
Parker, 2005). La théorie des perspectives egtliative qui a eu le plus d’influence en
economie et repose sur trois hypotheses fondanesntal

Alors que la théorie économique classique postuke lgs individus évaluent différentes
offres de maniere absolue et objective, Kahnemaivetsky (1979) proposent que les
individus sont sensibles a la variation relativdede richesse c'est-a-dire gu’ils évaluent leurs
perspectives de gains et de pertes par rapport @oimh de référenceui est la plupart du
temps la richesse initiale. Le second élément iatdg déformation des probabilités
objectives opérée par les individus. La forme lasptourante des fonctions de pondération
des probabilités est un S inversé qui correspdadsarestimation des petites probabilités et a
la sous-estimation des fortes probabilités. Lesnsgsont également plus sensibles aux
différences de probabilités lorsque leur niveau mas €élevé. Le recours a ce type de
distorsion des probabilités suffit par exemple ®ligwer la souscription d’assurances
couvrant des risques trés peu probables mais laugatrticipation aux jeux de loto, alors que
la théorie de I'espérance d'utilité échoue dars teitative puisque l'espérance mathématique
de ces jeux est généralement négative. Enfinehisité de l'utilité (la satisfaction) que I'on
tire d’'un gain est différente de celle que l'oretid’'une perte (regret). Ungerte a ainsi
davantage d’'impact psychologique qu’un gain

Sous la théorie des perspectives, considérons ategelx a n issues possible g1 la
probabilité de lissue; (i = 1, ..., n). On suppose par convention BUE ... <Xm = 0 <Xm+1<
... <X, avecmissues qui sont des pertes alors qualesissues restantes sont des gains. La
fonction d’évaluation d’'un individu (notéé(x)) est donc I'analogue de la fonction d'utilité
dans le modéle de la théorie de I'espérance d#itithais la fonction d’évaluation mesure la
satisfaction par rapport a un point de référenéaggplement le niveau de richesse initiale. En
conséqguence, elle mesure de maniére difféerentatifacction de montants positifs (gains) et
de montants négatifs (pertes), et est décomposékewen parties, dans les gains et dans les
pertes :

? Pour une description des expériences mettant en évidence la violation de ces axiomes, se référer a I'ouvrage
de M.H. Broihanne, M. Merli et P. Roger, Finance Comportementale (2004), chapitre 3.
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V(x) = V(X) + V(x)

oux" = max (0x) etx =-max £x, 0).V(X) etV(x) sont définis par les formules suivantes :

V)= ) () Vo)=Y w )
i=m et i=1

our" etz sont les poids affectés par 'individu aux diffétsrésultats possibles\dk) est la
fonction d’évaluation.

Le premier élément, la fonction d’évaluatie(x), est I'équivalent de la fonction d'utilité
u(x) mais est définie du coté des gains (fonction cescat du cété des pertes (fonction
convexe) de la fagon suivante :

V(X)= (X - X*)” six>x* et
V(X) = - A(x*- ) six < x*,

oux* est le point de référence a partir duquel lesigai les pertes sont calculéesy,dt sont
deux parametres estimés a 0.88 (Tversky & Kahnem@®?). Puisque la fonction devient
linéaire par morceau avec cette valeur, les étugtmntes utilisent pour simplifier= = 1
(Barberis et al., 2001). Le coefficientreprésente I'indice d’aversion aux pertes ; quiand
1, les individus sont averses aux pertes c’'est@glie dans une loterie ou une pérest en
jeu, le gain net potentiel devra étre supérieamablda foik pour que les individus acceptent
de participer a cette loterie. Tversky et Kahnerfi#92) ont estimé ce parametra & 2.25
chez I'étre humain traduisant une forte aversianperte.

Le second élément expliquant le choix des indivigissuivent la théorie des perspectives
dans leur prise de décision sont les coefficiafitet z; . Les individus utilisent le poids des
issues (et non leur probabilités) défiaigaide de fonctions de pondération notéésians le
domaine des gains @t dans celui des pertes :

Tn =w'(p,)
n T2
1 i=

M = HI_(pij

i -1
m; =w (F(x)) — w (B(x;_ ) = w~ p}-) —w” p}-) pour 2<i<m
=1 =1

i
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ou Fx est la fonction de réepartition de la lotexiget p les probabilités affectées a cette loterie.
Les deux fonctions de pondérations ont une formmla@ire de S inversé. Pour simplifier, je
considérerai donc par la suité =w = w, définie de la fagon suivante :

p}‘
1."
(r+(1-p))7r

w(p) =

avecw (0) =0 etw (1) = 1, et qtest le parametre de distorsion des probabilitasvdleur
de ce paramétre a été estimée entre 0.56 et Aafl les chercheurs (Camerer & Ho, 1994 ;
Tversky & Kahneman, 1992 ; Wu & Gonzalez, 1996).eUraleur moyenne dg= 0.6
(Tversky & Kahneman, 1992) correspond a la surpiaén des faibles probabilités et a la
sous-pondération des fortes probabilités avec imt ganflexion en 0.35 (Figure 1).

] -
0.9 1
08 - —fonction de pondération avec
0'7 | paramétre de distorsion = 0.6

0.6 -
0.5 7
0.4 1
0.3 1
0.2 1
0.1 A

0

——bissectrice 45°

Fonction de pondération

T

R EDEN B2 LI B ELLENABIEID N
S Nl VM ar ™ o el e el e A el & e
QF Qg VY VR Vg VT Vg Vg O V-

Probabilités

Figure 1. Fonction de pondération de Tversky et Kaheman (paramétre de distorsiory = 0.6).

Le modele de Kahneman et Tversky a pu rendre com@téa plupart des anomalies
observées expérimentalement en situation de aetitw d’incertitude. Le chapitre suivant
présente les principaux biais rencontrés par ldisiolus confrontés a une décision.

2.2. Les biais cognitifs

Comme évoqué précédemment, un individu peut étresidéré comme rationnel s'l
maximise son utilité et répond a plusieurs axionoes de sa prise de décision. Plusieurs
travaux montrent que les décisions économiquesesorgalité souvent faussées par des biais
qui résulteraient d'un manque de maturation deasestmécanismes cognitifs ou d’une
mauvaise application de ces mécanismes (Tverskyalnkman, 1981). Certains biais ou
heuristiqgues peuvent étre bénéfiques dans unetisitudonnée car ils simplifient la tache
d"évaluation des probabilités et conduisent a dasgsibns plus rapides et plus efficaces
permettant une optimisation des gains. En revandaes d’autres situations, ces biais
affectent I'’évaluation que les individus ont desiation économique pouvant conduire a des
décisions moins rationnelles que celles préditesggamodeles.
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Jusqu’ici, la recherche de biais décisionnels apéticipalement menée chez I'adulte et
'adolescent car ils représentent les acteurs jp@x des problemes de société tels que les
dépendances et les comportements a risque (drigyegtc.). Pourtant, les études réalisées
réecemment, dans le cadre de la théorie des jeuxexample, indiqguent que les enfants
seraient, au méme titre que les adultes, soumesréhbreux biais cognitifs.

2.2.1. L'illusion du joueur

L’illusion du joueur ou erreur du parieuggmbler’s fallacy est un faux raisonnement
consistant a croire que la probabilité de gagnegmmmte ou diminue en fonction des
evénements précédents, alors que la probabilitéxes{Croson & Sundali, 2005). « Aprés
I'observation d’une longue suite de rouge sur onéette, par exemple, la plupart des gens
croit erronément que les cases noires vont mainteagaiver, probablement parce que
I'occurrence des noires aboutira a une séquencerpprésentative que I'occurrence d’une
rouge supplémentaire » (Tversky & Kahneman, 19P&ymi les sujets qui ont indiqué au
cours d’une telle expérience sur quelle couleumiseraient a la roulette aprés que le rouge
soit sorti plusieurs fois de suite, deux tiers pnéferé le noir, dont 89% ont précisé que le noir
avait une plus forte probabilité que le rouge d'@agnant au coup suivant (Lambert &
Zaleska, 1966). Ainsi, de nombreux joueurs de casontinuent a perdre de I'argent avec
lillusion qu’une prochaine bonne main va changrmrichance, leur permettant de récupérer
la somme qu’ils ont perdue. De la méme facon, at pkserver une diminution dans la prise
de risque aprés une suite de gains chez certamsesdet adolescents qui croient que la
chance va tourner et que la probabilité qu’ils patdau prochain coup augmente a mesure
gu’ils gagnent (Ayton & Fischer, 2004 ; Clotfeli®&rCook, 1993; Terrell, 1994 ; Tversky &
Kahneman, 1971). Pour Tversky et Kahneman (197illysion du joueur est un biais
cognitif di a un principe heuristique réduisant t@shes complexes d’évaluation des
probabilités et de prédiction de valeurs a de plogles opérations de jugement. Encore peu
étudiée chez les plus jeunes, on retrouve couramncetie erreur dans des jeux comme « tirer
a pile ou face » au cours desquels les enfant®lofiennent un grand nombre de fois pile
croient avoir plus de chance d'obtenir face losstdages suivants.

2.2.2. L’erreur de la série gagnante

L'erreur de la série gagnante ou effet main cha(lt# hand fallacy est un faux
raisonnement observé lorsqu'une personne croit agonf irrationnelle qu'une série
d’événements va continuer a se produire avec uoe lpgobabilité (Tversky & Kahneman,
1971). Gilovich et ses collaborateurs (1985) ordepbé ce biais pour la premiére fois chez
des supporters de joueurs de basketball qui aveéadince a croire qu’aprés une série de
paniers, le joueur avait la main heureuse et ataitinuer a gagner. Quand il y avait une suite
d’échecs, les supporters supposaient que le jaaait perdu la main. Ce biais, contraire a
lillusion du joueur, serait d0 a la méme difficdild assimiler la notion d'indépendance des
evénements d'une série aléatoire.
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2.2.3. L’effet argent du ménage

L’effet argent du ménagéguse money effgatonsiste a croire qu’on peut prendre plus de
risque avec l'argent que I'on vient de gagner (€h&l Johnson, 1990). Plus précisément, un
joueur considére un gain important ou un gain @mattt comme n’appartenant pas a son
propre argent, et consent plus volontiers a jouec aet argent. Toute perte inférieure au gain
qui vient d’étre obtenu est intégrée a ce gainjmient ainsi 'effet de I'aversion a la perte et
facilitant la prise de risque. L'effet argent du mage est en accord avec la théorie des
perspectives pour laquelle les issues précédemtibsenceraient le comportement des
individus. Dans une étude réalisée sur des étuglidrtaler et Johnson (1990) leur ont
proposé de parier 4,5 dollars sur un lancer deepikepile ou face », aprés leur avoir
initialement offert 15 dollars. Les résultats mentrque 70% des étudiants ont accepté de
parier cette somme ; en revanche, seul 41% onpektepari quand aucune somme d’argent
ne leur avait été donnée au départ. Ainsi des atglisont plus enclins a prendre un risque
financier avec de l'argent gagné et aprés un priofittendu méme s’ils ne prennent
habituellement pas un tel risque avec leur propgerd. Des études plus récentes sur des
adultes et des adolescents ont confirmé cette dits@mn (Ackert et al., 2006). En revanche,
ce faux raisonnement n’a pas encore été etudiélebenfants.

2.2.4. L'effet de dotation

L’'une des anomalies les plus importantes pour hesxcen certitude est I'effet de dotation
(endowment effecqui traduit le fait que les gens exigent souvyans pour céder un objet
gu’ils ne sont préts a payer pour I'acquérir (Knbtsl989). Knetsch (1989) a observé pour la
premiere fois ce phénoméne dans une expériencéhag entre deux biens au cours de
laguelle les participants étaient répartis aléatognt au sein de trois groupes. Les sujets du
premier groupe recevaient une tasse et avaiermdidpnité de I'échanger contre une barre de
chocolat ; les sujets du second groupe recevaaentontraire, une barre de chocolat qu’ils
pouvaient échanger contre une tasse. Enfin, lestssdu dernier groupe n’avaient pas de
dotation initiale et devaient choisir entre uneséast une barre de chocolat. Les résultats ont
montré que 89% des sujets du premier groupe préfiéreonserver leur tasse, 90% des sujets
du second groupe préféraient conserver leur barehdcolat, et 56% des sujets du dernier
groupe choisissaient la tasse. Les préférencefessv/par les échanges sont donc sensibles a
la dotation initiale puisque les sujets préfererivien qu’il leur a été attribué initialement : les
sujets détenant la tasse 'ont valorisée davarnpageapport a la barre de chocolat alors que
les sujets détenant la barre de chocolat I'ontrisde par rapport a la tasse.

Ces résultats ont été confirmés plus tard dansitlestions de marché présentant un choix
entre un bien et une somme d’argent (Kahneman.el 290 ; Knetsch, 1992). Dans l'une
d'elles (Kahneman et al., 1990), un premier gralipeidiants s’est vu offrir une tasse puis on
leur a demandé s'ils acceptaient de la revendre po& série de prix allant de 0,25 a 9
dollars. Ceux du second groupe devaient décidgowsi chacun de ces prix ils seraient préts
ou non a acheter une telle tasse. Enfin, les éttgl@u troisieme groupe ne recevaient rien en
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début d’expérience mais devaient indiquer pour ghate ces prix s'ils préféraient empocher
l'argent ou recevoir la tasse. La théorie de ltatiprédit que ces trois situations devraient
aboutir au méme prix d'équilibre en moyenne. Gr,deservations ont montré que les sujets
du premier groupe exigeaient un prix de vente dienv/7,12 dollars en échange de leur tasse,
alors que les sujets du second et troisieme grpugg@osaient un prix d’achat de 2,87 et 3,12
dollars respectivement. Appliqué sur le marché irifrer, I'effet de dotation explique par
exemple les divergences possibles entre le prixedee et le prix d’achat d’'un méme bien, ou
la rigidité des vendeurs qui ne vendent pas leem piutdt que de baisser le prix (Kahneman
et al., 1990).

Quelques études ont étudié la maniere dont I'egpéea du marché et les répétitions de
transactions pouvaient agir sur I'effet de dotatjBnookshire & Coursey, 1987 ; Coursey et
al., 1987 ; Knez et al., 1985). Une étude réceatelgite chez des enfants de 5 a 10 ans et des
étudiants a ainsi montré que l'effet de dotatioh d&§a présent durant I'enfance mais ne
diminue pas avec l'expérience (Harbaugh et al.,120B8ucune expérience n’a encore éte
menée chez les trés jeunes enfants. Pourtantetl'e dotation existant du seul fait de
posséder un bien, cela justifierait la recherchendel biais des lors que la notion de
possession est acquise vers I'age de 2 ans (BeBo&bi, 1988 ; Dittmar, 1992 ; Miller &
Johnson-Laird, 1976).

2.2.5. L'aversion aux pertes

Dans la théorie économique classique, un gain déang&ine somme est censé compenser
exactement la perte de cette méme somme. Poustantjchir puis perdre tout ce qu'on a
gagné ne donne pas la sensation d'un retour apggfahologique initial : retirer un 0s a un
chien apreés le lui avoir donné ne le fait pas revarson bien-étre initial comme le prédit la
théorie. Le regret et la frustration font que lee€humains possedent également une certaine
aversion pour la pertdogs aversioptraduisant le fait qu'on attache plus d'impor&arcce
gu'on perd qu'a ce qu'on gagne (Tversky & Kahnerh@86), entre deux et trois fois plus
selon les cas. Il faut ainsi généralement un gai,&5 euros pour compenser une perte de 1
euro (Kahneman & Tversky, 1979 ; Tversky & Kahneni91).

Tversky et Kahneman (1986) ont montré I'existened’aversion a la perte en proposant a
des personnes interrogées les deux choix ci-desgpalsaque option est définie par les gains
gu'elle peut procurer associée a sa probabilifgectwe :

On vous donne 300 dollars On vous donne 500 dollars
Que préférez-vous ? Que préférez-vous ?

A | 50 % de chance de gagner 200 dolla@s| 50 % de chance de perdre 200 dollars
50 % de chance de ne rien gagner 50 % de chanoe en perdre

B | Un gain certain de 100 dollars |DJne perte certaine de 100 dollars
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Dans les deux cas, les positions finales étaientriémes c'est-a-dire obtenir 400 dollars
avec certitude, et 50% de chance de gagner 50M@wdllars. Pourtant, on a observé que
pour le premier choix 72% des personnes ont prdécéntre 28% pour A. Pour le second
choix, 36% des personnes ont préféré D contre 6486 €. Il semble donc que les pertes
soient percues plus intensément que les gains.indigidus évaluent différemment les
perspectives de gains et de pertes, les valonsanpas en termes de richesse finale mais en
termes de variation par rapport a un point de eéige (cf. théorie des perspectives). Une telle
asymetrie des valeurs permettrait d’expliquer #eftle dotation (Kahneman & Tversky,
1984 ; Kahneman et al., 1991).

En situation d’incertitude ou de risque, I'hypotaéséorique standard est que les individus
se basent sur une évaluation subjective des pildbabiAinsi, les adultes et les adolescents
refusent généralement de prendre des risques éalwrlaine des gains alors qu'ils préferent
en prendre dans le domaine des pertes (Camerér, 80@3 ; Chien et al., 1996 ; Eber &
Willinger, 2005 ; Tversky & Kahneman, 1981). L’éaude Reyna et Ellis (1994) a montré
gue les enfants de 8 ans présentent une réponsséepp celle des adultes tandis que les
enfants de 5 ans préféerent prendre des risquefis ldans le domaine des pertes et des gains.
Au vu du faible nombre d’études réalisées chezeld@ants, conclure a la présence d'une
aversion a la perte et d’'un pattern spécifique &@mmse en fonction de I'age demande des
travaux supplémentaires.

Alors que plusieurs études semblent tomber d’acsordine compréhension des situations
économiques comparable a celle des adultes vags i@ 11-12 ans (Harbaugh & Krause,
2000 ; Harbaugh et al., 2001 ; Murnighan & Saxo0®98), les expériences montrent une
grande variation dans I'adge de développement diaitoun et de mise en ceuvre des principes
relatifs a I'axiomatique des choix. Les modélesnéroiques standards développés sur la base
des comportements des adultes pourraient donc dlEmam certain ajustement pour
expliquer d’'une maniére plus fine et rigoureuseheix des enfants.

3. LE DEVELOPPEMENT DES FACULTES DE DECISION

Maximiser les bénéfices au cours d’'une transa@&mmomique requiert un certain nombre
de compétences aussi bien sociales, telles quetdéé présence d’autrui ou comprendre le
but de la transaction, que cognitives, telles diresr la valeur des biens, attendre avant de
recevoir l'autre bien, se souvenir de ce qui aoffigrt, calculer le risque qu’un bien recu soit
inférieur aux attentes, détecter les tromperiggiapter son comportement en retour.

3.1. Développement chez I'enfant

Le développement des capacités cognitives et sscanditionne I'aptitude des enfants a
comprendre puis a participer au marché économigreslow, 1981 ; Harbaugh et al., 2001).
Chez I'enfant, le développement cognitif a faitbfet de nombreuses théories, la plus connue
étant sans nul doute la théorie du développemattitifode Piaget qui précise les étapes de
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'acquisition des compétences cognitives (Piag8¥,21; Piaget & Inhelder, 1966). Piaget a
proposé quatre changements majeurs liés a I'aggtade sensori-motelfdepuis la naissance
jusqu'a 2 ans) limité a la coordination sensorieie motrice des actions ; lstade
préopératoire(2 a 7 ans) ou I'enfant apprend a utiliser desumsents symboliques, acquiert
des capacités de représentation imagées et coetteptcomme le langage et utilise ses
représentations pour voir le monde de sa propreppetive ; lestade opératoire concré? a
11-12 ans) ou il est capable de prendre en comptautre point de vue et plus d'une
perspective a la fois ; Istade opératoire formelapres 12 ans) ou il peut penser de fagon

logique, raisonner et confronter différents poitésvue au cours d’une conversation.

Malgré I'apport considérable de la conception piiggée dans la compréhension de la
mise en place des instruments cognitifs duranfdiece, I'accumulation des connaissances au
cours des dernieres décennies a remis en quedtisieyrs aspects de sa théorie : probléme
de méthodologie (avec un aspect trop ouvert destigne proposéees aux enfants), échantillon
de base trop faible ne prenant pas en compte flésattices individuelles (Case, 1992), méme
classe sociale et origine culturelle des indivifMsrrray, 1983). Des recherches plus récentes
ont en outre montré que les jeunes enfants fontvpree capacités cognitives plus étendues
gue celles rapportées par Piaget dont les testsdahdavantage de piéger les enfants plutét
que de rechercher les limites de leur raisonnentenfin, Piaget a sous-estimé la valeur de
'apprentissage social issu des parents et desgwelrs.

Les changements de méthodes expérimentales (Cl@&@dil) expliquent les différences
observées par les chercheurs pour un développataesimpétences plus précoces (Bullock
et al.,, 1982 ; Levin, 1977 ; Spelke, 1991 ; Wynfi92) ou plus tardifs (Bideaud & Houdé,
1987 ; Levin, 1986) que ne l'avait proposé Piabatliste suivante, non exhaustive, décrit les
connaissances actuelles concernant les compétengegtives et sociales nécessaires a un
enfant pour s’engager dans un échange de type dgme. Etablir un lien entre les stades
connus de développement de ces capacités et lelodpement des compétences
économiques constituerait un premier pas dansrtgpaghension de la prise de décision chez
les enfants.

3.1.1. Le développement cognitif

Le développement cognitif de I'enfant influencensaniére de traiter I'information (John,
1999). Il va progressivement acquérir les outilgritifs qui lui serviront a effectuer les
meilleurs choix et optimiser ses gains.

3.1.1.1. L'estimation de la valeur des biens

La détermination de la valeur relative du ou desndimis en jeu est nécessaire a
'échange, que celui-ci soit monétaire ou non. Eetequ’'un enfant désire troquer des cartes
a collectionner ou les acquérir chez un commergaulpit au préalable juger le « prix »
demandé qui peut prendre la forme d’'un autre alnjeétre monétaire. Des 10-12 mois, les
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enfants peuvent identifier qu’une table contienispurs objets (plus de un) sans en connaitre
le nombre exact (Feigenson & Carey, 2005), mais’'est qu’entre 20 et 24 mois qu’ils
apprennent a distinguer les marques linguistiqguesidgulier et du pluriel (Barner et al.,
2007 ; Kouider et al., 2006 ; Wood et al., 2009).

Durant la premiere année de vie, les enfants pewlisariminer et juger la valeur de
petites quantités discretes allant jusqu'a 3 (Bwibeth, 2005 ; Cooper, 1984). Des enfants
habitués a reconnaitre une certaine quantité regapdus longtemps la nouvelle quantité lors
de la présentation des paires 1 vs. 2, 2 vs. 3/8t 3, gu'’ils s’agissent de points (Clearfield &
Mix, 1999, 2001), d’'objets (Feigenson & Carey, 20@arkey & Cooper, 1980 ; Starkey et
al., 1990), de formes en mouvement (van Loosbré&e8knitsman, 1990), d'images (Starkey
& Cooper, 1980 ; Strauss & Curtis, 1981), d’itenfimmantaires (Feigenson et al., 2002), de
sauts successifs d’une poupée (Wynn, 1995), oyltides (Bijeljac-Babic et al., 1993). On a
€galement pu montrer que, face a deux quantitézetés de 1 et 2 ou 2 et 3 items
alimentaires, des enfants agés de 10 a 28 moiscapables de comparer et choisir la plus
grande quantité (Feigenson & Carey, 2000 ; Feigeretoal., 2002 ; Sophian & Adams,
1987). Les jeunes enfants de moins d’'un an échalemm des discriminations numeériques
plus importantes ou il s'agit de sélectionner laspjrande quantité entre 1 et 4 (Feigenson &
Carey, 2003), 4 et 5 (Strauss & Curtis, 1981), 8 &tarkey & Cooper, 1980), ou entre 2 et
4, 3 et 4, ou 3 et 6 (Feigenson et al., 2002). Pésurecherches montrent toutefois que des
enfants agés de 5 a 10 mois sont capables deedifiér 3 et 4, ou 4 et 5 objets (van
Loosbroeck & Smitsman, 1990), et des quantités iphpertantes pourvu que le ratio qui les
séparent soit élevé (ratio 2:1 ; 4 vs. 8, 8 vs.1Bys. 32 ; Brannon et al., 2004 ; Lipton &
Spelke, 2004 ; Xu, 2003 ; Xu & Spelke, 2000). Larsde ratio est moins grand (ratio 2:3 ; 8
vs. 12, 16 vs. 24), ils ne réussissent pas a peircevdifférence (Lipton & Spelke, 2004 ; Xu
& Spelke, 2000) tandis que des enfants agés dedall®10 mois y parviennent (Lipton &
Spelke, 2004 ; Xu & Arriaga, 2007). On peut dépldi@bsence d’études sur de tres faibles
ratios qui pourraient également devenir un factenitant chez les enfants plus agés pour
estimer correctement leurs biens. Une telle linpibeirrait affecter la compréhension d’un
echange équilibré entre I'enfant et son parterdigehangela validité de ces résultats a été
remise en question par de nhombreux auteurs attridaaéussite des enfants non pas a leurs
capacités numeériques mais a des indices alternaiifsme la surface totale de I'objet, sa
densité ou son périmetre (Clearfield & Mix, 1998eigenson et al., 2002). Il se pourrait que
la discrimination de certaines quantités n’émerge Qeaucoup plus tard durant I'enfance
(Sophian & Adams, 1987).

Vers I'age de 2 ans, les enfants apprennent a esrjysiqu’a environ 6 (Gelman & Meck,
1983 ; Potter & Levy, 1968 ; Wynn, 1990, 1992). Raxt, ce n’est pas avant 6 ans que
'ensemble des principes de comptage utilisés parddultes est acquise, c’est-a-dire le
principe d'ordre stable (la séquence ordonnée deds nmombres), le principe de
correspondance un a un (la correspondance entrelgets et leurs mots nombres), et le
principe de cardinalité (Butterworth, 2005 ; Stari€eGelman, 1982).
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Les enfants sont également capables de reconrdditpFédire le résultat de simples
additions et soustractions de 1 a 3 objets (WyAA211995). Sur le principe qu’ils devraient
réagir plus fortement & des événements qui sembleriolation avec leur connaissance du
monde physique, on a présenté a des enfants dE33is des situations d’addition et de
soustraction justes (par exemple, 1 + 1 = 2) oanées (par exemple, 1 + 1 = 1) de petits
nombres d’objets. L'expérimentateur place I'un aptautre deux objets dans une boite a la
vue des enfants puis le contenu de la boite lduprésenté : deux objets dans le cas d’'une
addition juste, un seul dans le cas d’'une addigmonée. Lorsque le nombre d’éléments
révélés est impossible ou ne correspond pas altatattendu, les enfants passent plus de
temps a regarder le contenu de la boite, monteamtdurprise devant la violation des régles
additives ou soustractives (Baillargeon, 1994 géeson et al., 2002 ; Uller et al., 1999 ; van
Loosbroek & Smitsman, 1990). Des résultats singkiont été trouvés avec un nombre plus
important d’objets (McCrink & Wynn, 2003). Une aaitexpérience consistant a présenter
deux ensembles d’items, recouvrir ceux-ci et ajoote retirer des items, a montré que les
enfants de plus de 10 mois sont capables de chieisgemble le plus important, indiquant
gu’ils prennent en compte I'ajout et le retraittefns (Feigenson et al., 2002 ; Sophian &
Adams, 1987 ; Starkey, 1992 ; Starkey & Gelman, 2)9&ependant plusieurs études
soutiennent que la sélection ne serait pas faitBesisemble le plus grand mais celui qui a été
modifié (Sophian & Adams, 1987). Ces performanc&sqces pourraient donc s’expliquer
de facon plus parcimonieuse par dautres processgmitifs tels que la mémoire, la
permanence de l'objet ou les facultés spatio-temifgs (Simon, 1997). Les enfants
pourraient également avoir été influencés par @deacteristiques non numeériques comme
I'aire et le périmetre des objets de la collectiBarth et al., 2005 ; Clearfield & Mix, 1999 ;
Huttenlocher et al., 1994 ; Mix et al., 2002).

Vers 5-6 ans, les enfants peuvent résoudre de¢epmeb de calcul mental demandant des
capacités arithmétiques avancées (Barth et alg 200rdan et al., 1992 ; Levine et al., 1992).
La résolution d’addition et de soustraction peuterelant étre accomplie plus précocement
avec des objets manipulables sans la maitrise @enples outils de calcul. Lorsque des
objets sont ajoutés ou retirés d’un ensemble dislgacheés, les 2 et 3 ans peuvent réaliser
'ensemble final correspondant au nombre exact jdteb(Canobi & Bethune, 2008 ;
Carpenter & Moser, 1984 ; Fuson, 1982 ; Huttenlo@teal., 1994). L’échec d’enfants plus
jeunes dans cette méme tache suggéere qu’ils utiltkes mécanismes plus approximatifs.

Les enfants deviennent capables de faire des mlis@iions numériques plus précises au
fur et a mesure qu’ils vieillissent. L'acquisitiggmécoce de connaissances numériques avant
méme I'age de 2 ans suggere que la déterminatida daleur des biens peut difficilement
limiter leur capacité & maximiser une transactigoepté si le ratio entre les deux valeurs
d’objets a évaluer est trop faible ou si la suitécdange met en jeu des problémes
arithmétiques trop abstraits.
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3.1.1.2. Le contrble de soi

L’aptitude a attendre pour obtenir un bien est sgaiee a toute transaction économique.
Par exemple, il faut étre capable de contrbler mmmportement et gérer ses émotions pour
prendre en compte la perspective des autres (Hughesce, 2010). Alors que cette attente
peut étre limitée a quelques secondes lors de dtadtun objet par exemple, elle peut
également atteindre plusieurs années lorsqu'ilis’dgbtenir une satisfaction monétaire
importante (fructification d’argent sur un comptanbaire par exemple) (Putnam et al., 2002 ;
Rachlin et al., 1991 ; Tobin & Logue, 1994). Un ranyde déterminer la capacité d'un
individu a attendre est de mesurer son aptitudestarder l'accés a une récompense.
Contrairement aux 18 mois, des enfants agés de@® sont capables d’attendre qu’on les
autorise a toucher un jouet interdit (Kochanskalgt2001 ; Vaughn et al., 1984) et des
enfants de 30 mois peuvent attendre plusieurs esnavant d’ouvrir un cadeau (Vaughn et
al., 1984).

Un premier type d’expérience développé pour mesigecontrble de soi consiste a
proposer un choix entre une récompense immédiatedigponible ou deux récompenses
disponibles aprés un temps d’attente (Mischel, L97énfant décide donc d’attendre ou non
en fonction de variables telles que la durée diehide ou la dimension de la récompense
(Toner & Smith, 1977 ; Toner et al.,, 1979). Lorsdas récompenses prennent la forme
d’autocollants, Thompson et ses collegues (199%) noontré que les enfants de 3 ans
choisissaient I'image immédiate alors que les dsfale 5 ans préféraient attendre pour en
obtenir deux a la fin de I'expérience. L'expériermplivalente standard mettant en jeu de la
nourriture, le test du chamallow (Mischel, 1974)permis de révéler I'effet de facteurs
contextuels sur les capacités d’attente des enfliatgden & Platt, 2007 ; Rosati et al., 2007).
Par exemple, les enfants acceptent d’attendre lphgtemps lorsque la récompense offerte
n’est pas visible durant la période d’'attente (Medcet al., 1989). La plupart des enfants ageées
de 2 a 5 ans testés dans cette tache ont attericu 2@t 15 mn lorsque la récompense
alimentaire était visible (Eigsti et al., 2006 ; dbanska et al., 2001 ; Peake et al., 2002 ;
Vaughn et al., 1984) mais ont été capables deteégissque 18 mn lorsque la récompense
était occultée (Mischel et al., 1989 ; Patterson Mischel, 1976). D’autres études
expérimentales ont montré que les enfants atterestlongtemps lorsqu’on leur demande
de considérer la recompense comme un item non r@i&ine ou de la comparer a un item non
appétant (Metcalfe & Mischel, 1999 ; Mischel et 4b89,1996 ; Patterson & Mischel, 1976),
lorsqu’ils verbalisent les conséquences positivasnégatives qu’auraient leur prise de
décision (Toner & Smith, 1977), et lorsqu’ils sestchient ou que I'expérimentateur leur
fournit une distraction durant I'attente (Cournogefrudel, 1991 ; Miller & Karniol, 1976 ;
Mischel, 1974 ; Mischel & Ebbesen, 1970 ; Toner&ith, 1977).

Un second modele d’expérience consiste a présengeeaccumulation d’items au fur et a
mesure du temps d’attente. Les enfants doivenb&rHa prise immédiate de I'objet ou de la
nourriture afin de maximiser leur bénéfice. Dansest d’accumulation, des enfants agés de 3
a 6 ans peuvent attendre entre 2 et 6 mn avardisie la réecompense selon qu’ils utilisent ou
non des stratégies de distraction (Toner, 198Ingifet al., 1979).
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Les études expérimentales visant a mesurer l'dptitles enfants a retarder leur acces a
une récompense ont permis de montrer que le tempe & récompense immédiate et
retardée était le facteur principal pris en congates la décision d’attente (Forzano & Logue,
1994, 1995 ; Strayhorn, 2002). Elles ont mis emauae améelioration des capacités d’attente
avec I'age et une influence de la procédure expériale employée sur la performance des
enfants. Cependant, ces résultats ne nous permpéerde conclure quant a la capacité des
enfants a attendre au cours d’'un échange économajaes que les expériences menées chez
les enfants proposent un choix entre deux réconggets plupart des transactions prennent
en effet la forme d’échanges. Les jeunes enfantsrgient donc rencontrer dans ce type de
tache des difficultés a attendre équivalentesgsin’est supérieures dans la mesure ou une
composante sociale est également a I'ceuvre.

3.1.1.3. Le calcul du risque

Le risque de subir un échange déséquilibré - aise &voir » - et étre sujet aux moqueries
des pairs, constitue pour I'enfant une forte infjamrca s’approprier rapidement la valeur des
produits soumis a I'échange mais aussi I'estimadies gains et des pertes associés (Cipriani-
Crauste, 2000). En effet, en s’engageant dans hange différé, I'enfant prend le risque
gu’au cours de I'attente le bien a retourner séiédoré ou ne soit jamais rendu.

En économie, la notion de risque se distingue awien d’incertitude (Knight, 1921). Le
risque se définit comme une situation dans laquelieissues possibles sont affectées de
probabilités estimables ou connues. L'incertituder&spond en revanche a une situation liée
a des probabilités inconnues. Ainsi, estimer lebabilités de gains et de pertes peut aider les
enfants a prendre une décision optimale en situatsguée. Jusqu’'a présent, on pensait que
les compétences des enfants en matiére d’estimdgsnprobabilités étaient tres limitées
(Hoemann & Ross, 1971 ; Kreitler & Kreitler, 198Riaget & Inhelder, 1975) ; pourtant, de
récents travaux ont montré qu'a I'age de 4-5 alsspiésentent déja une compréhension
intuitive du concept de probabilité (Acredolo et 4989 ; Anderson, 1991 ; Denison et al.,
2006 ; Reyna & Brainerd, 1994 ; Schlottmann, 20@Lontrario, des enfants plus jeunes
n‘ayant pas encore développé cette compréhensidinématique leur permettant d’estimer
les différentes issues possibles, pourraient ne évas capables de prendre la meilleure
décision au cours d’une situation risquée.

De nombreuses taches expérimentales ont été d@eéelsppour tester les enfants en
situation risquée (Baron et al., 1993 ; Marks, )9Phrmi celles-ci, Slovic (1966) a utilisé la
roue fléchée que les participants pouvaient chdisitourner pour accumuler des gains autant
de fois qu’ils le souhaitent mais avec la posgibitie tout perdre a chaque lancer de roue. Ce
jeu a permis de rendre compte de la grande vat@lildividuelle dans I'attitude face au
risque des enfants agés de 5 et 6 ans. Pourtesqgulon leur demande de choisir a chaque
essai entre une issue certaine et un pari doniséeges étaient pondérées de probabilités
différentes (Levin & Hart, 2003 ; Levin et al., 200Reyna, 1996 ; Reyna & Ellis, 1994), les
enfants de 5 ans montrent une propension signifeatprendre des risques. Un inconvénient
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des travaux réalisés jusqu’ici est que les enfalatgient aucun moyen visuel d’évaluer leur
chance de gain et de perte qui étaient symboligé&edeux plages de couleurs et non par les
récompenses elles-mémes. De plus, méme si de tpiestdures nous donnent des
indications sur les facteurs influencant la prise d&cision des individus, elles ne nous
permettent pas d’étudier la réponse des enfanésafam risque de perte, étant donné gu'ils ne
possédent pas de cagnotte initiale. A ce joureskttude de Harbaugh et ses collaborateurs
(2002) a testé des enfants en leur offrant une sonmiiale qu’ils pouvaient réellement
perdre. Elle a montré que les enfants de 5 a 13amagent tendance a surestimer les
événements avec une haute probabilité. Les capat@afants plus jeunes a juger les risques
liés a la situation d’échange doivent encore égsurees.

3.1.1.4. La mémoire et I'anticipation

D'un point de vue économique, anticiper ce quitra &changé et mémoriser les termes de
cet échange sont deux facultés indispensables &ramsaction. Se projeter dans le passé afin
de revivre dans leur contexte d’origine spatiateebporel des événements personnellement
Vecus, ou encore imaginer des événements futussldadut de les anticiper, peut s’assimiler
a «un voyage mental dans le temps » (Conway, 2@iddendorf & Corballis, 1997 ;
Tulving, 1995). La capacité a voyager mentalemantsde temps permet d’optimiser la prise
de décision des individus en leur offrant 'oppaité de modifier leur comportement et de
simuler une solution future sur la base des expée® passées (Boyer, 2008 ; Gilbert &
Wilson, 2007 ; Schacter et al., 2007 ; Tulving, 200

La reconstruction mentale d’événements personnelsadsé repose principalement sur la
mémoire épisodique ou autobiographique (Tulvinglet2004). Les études expérimentales
ont montré que des jeunes enfants sont capables slsuvenir d’événements auxquels ils ont
participé plusieurs semaines ou mois auparavaimtt{etick & Rovee-Collier, 1996 ; Myers et
al., 1994 ; Perris et al., 1990 ; Rovee-Collier9dP La durée de conservation du souvenir
augmente avec I'age de I'enfant (Rovee-Collier,7)9®es enfants de 3 et 6 mois peuvent se
rappeler avoir joué a un jeu apres 1 a 3 semaines gue la mémoire de ce souvenir atteint
prés de trois mois chez les enfants de 18 moisebisits agés de 3 ans se rappellent de leur
venue dans un laboratoire de psychologie et dedeédure générale de la tache motrice qui
leur avait eté apprise (Myers et al., 1987 ; Petrial., 1990).

L’évolution du langage durant I'enfance est liééaptitude a se déplacer mentalement
dans le temps (Suddendorf & Corballis, 1997). Llexation de la mémoire épisodique
devient en effet plus facile avec I'amélioratiors ggptitudes linguistiques qui permettent de
décrire avec precision les événements passés (PRIKES). On a montré qu’environ 60% des
enfants de 3 ans relatent confusément leurs sasveassés (Suddendorf & Corballis, 1997)
et sont incapables de visualiser la distance teetlpoentre deux événements passés auxquels
ils n'ont pas pris part (Droit, 1995 ; Droit-Volet999 ; Friedman & Kemp, 1998 ; Macar,
1988). Des enfants de plus de 4 ans décrivent pluscde détails un voyage réalisé dans un
parc d'attraction (Hamond & Fivush, 1991), un mugdedson & Fivush, 1991), un parc
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zoologique, un cirque ou une féte d’anniversaingush et al., 1987 ; Todd & Perimutter,
1980). En revanche, un événement ponctuel peu marcest plus difficile a raconter en
détail (Davidson & Hoe, 1993 ; Fivush, 1984 ; HudgoNelson, 1983 ; Hudson et al., 1992).

La récupération d'événements dans le passé etojgcpon dans le futur seraient
etroitement liées (Schacter & Addis, 2007). La genépisodique future dépendrait en effet
de la mémoire des expériences passées (Addis 20aB ; Buckner & Carroll, 2007 ; Spreng
& Levine, 2006 ; Szpunar, 2010). Récemment, Sudni€rfd010) a démontré que les enfants
de 3 et 4 ans capables de reporter précisementite ayaient fait la veille étaient meilleurs
pour émettre des idées sur ce qu'ils feraient teldenain. A partir de 4 ans, les enfants
comprennent que le futur est connecté au présequesttoute décision présente peut par
conséquent avoir un impact sur leur bien-étre ow tenéfice a venir (Lemmon & Moore,
2007). Une étude a récemment montré qu’ils sontldap d’'anticiper un besoin futur
(Suddendorf & Busby, 2005 ; Suddendorf et al., 201dpres s’étre assuré qu’ils savent
ouvrir une boite avec une clé spécifique, des émfant été laissés 15 mn dans une piéce
contenant différentes clés. lls ont ensuite éténduits dans la piéce contenant la boite. Alors
gue les enfants de 4 ans ont su planifier le tramsg I'utilisation de la bonne clé, les plus
jeunes se sont montrés incapables de résoudra@ete Hudson et ses collaborateurs (1995)
ont également montré que les 3-4 ans pouvaientifigladeur besoin (prévention des
éventuels imprévus qui pourraient se produire) tbuse future sortie familiale bien que les
enfants de 5 ans étaient plus prévoyants sur leachpine sortie. En ce qui concerne
'estimation du temps, c’est également vers I'agedeb ans que les enfants parviennent a
reconnaitre la distance temporelle entre deux éwénts futurs (Atance & O’Neill, 2001 ;
Droit-Volet, 2000 ; Friedman, 2000, 2005).

La capacité a se projeter dans le passé et le &itar établir les distances entre deux
événements passeés ou a venir se développerait diofacon simultanée entre 3 et 5 ans
(Busby & Suddendorf, 2005 ; Nelson & Fivush, 20@erner & Ruffman, 1995 ; Suddendorf
& Corballis, 1997), bien gu’'une certaine confusientre passé et futur semble persister
jusqu'aux alentours de 6 ans (Friedman, 2005). Bideures performances chez les 4-5 ans
dans la réminiscence d’événements passés et lacpoomj dans le futur pourraient leur
permettre d'orienter leur prise de décision de ararplus efficace que des enfants plus jeunes
au cours d’une transaction économique (Bechara &ad3#, 2005).

La faculté des enfants a se déplacer mentalemerst ldatemps n’est pas une capacité
isolée mais influence le développement d’autresaciégs cognitives ; par exemple, les
enfants de 4-5 ans sélectionnent plus souvent @ssmpenses futures retardées dans le
temps, probablement sur la base de leur aptituceneeptualiser cet événement futur et le
temps qui les sépare de sa réalisation (Moore .et1808 ; Thompson et al.,, 1997). A
l'inverse, se projeter dans le passé et le fupose sur la maturation de différentes structures
cérébrales durant I'enfance et jusqu’a I'adolesedBauer et al., 1994 ; Ghetti & Lee, 2011 ;
Hudson, 1990 ; Tulving et al., 2004) mais égalemsuat le développement d'autres
compétences comme attribuer des états mentauxssbcier les états présents de ceux
imaginés dans le futur (Suddendorf & Corballis, 299
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3.1.2. Le développement social : 'émergence dthgerie de I'esprit

Bien que Piaget ait négligé I'apport des relatisnsiales telles que I'apprentissage des
parents puis des professeurs dans I'élaboratisadbéorie du développement de I'enfant, il
a su tenir compte de ce qui sera appelé plus tladh€orie de I'esprit » (Piaget, 1926). Faire
preuve d’'une théorie de I'esprit, c’est étre capalattribuer des états mentaux a soi-méme et
aux autres (Baron-Cohen et al., 1985 ; Premack &dkdf, 1978). Directement en lien avec
le développement cognitif (conflit socio-cogniti€gtte faculté permet d’interpréter, prédire et
tirer des conclusions sur les intentions d’autedid’imaginer leurs préoccupations et leurs
croyances. Elle représente un outil majeur dansolapréhension des transactions pour
comprendre d’'une part les attentes du partena@iehdinge, et d’autre part estimer sa fiabilité
afin de détecter d’éventuelles tricheries.

On peut distinguer deux grandes étapes dans ldoggpesnent de la compréhension des
autres : dés un an, les enfants considerent leutenaires comme degents intentionnels
poursuivant un but au cours de leurs actions ; 8etsans, ils commencent a voir les autres
comme desgents mentaupossédant des croyances et représentations neditirentes
des leurs (Tomasello & Rakockzy, 2003).

3.1.2.1. But et intention

Comprendre les buts et les intentions de l'autest@-dire considérer I'autre comme un
agent intentionnel, est une des premieres étapd&ldboration d’'une théorie de I'esprit
(Tomasello, 1995). Elle va permettre a I'enfantstingager socialement dans des activités
avec une autre personne.

La perception visuelle représente la premiere étdpecompréhension des autres.
L'utilisation correcte de mots liés a la vision développe peu avant 2 ans (Bretherton &
Beeghly, 1982). A cet age, les enfants comprenme&nine personne voit un objet s’il regarde
dans sa direction et s’il N’y a pas d’obstructinterposée entre elle et I'objet (Flavell, 1992 ;
Lempers et al., 1977). lls peuvent ainsi déduirkirmp personne percoit un objet gu’ils ne
peuvent pas voir eux-mémes et inversement, ce goiésente un premier niveau de
compréhension sur les informations que peut possédpartenaire sur un élément auquel ils
n’'ont pas acces (Phillips et al., 2002 ; Wellmaalgt2000). Vers 3-4 ans, les enfants peuvent
reconnaitre que les perspectives visuelles d’un enéojet peuvent étre multiples, c'est-a-dire
gu’une personne peut avoir une représentation Nesgai est différente de la leur (Flavell,
1992 ; Hughes & Donaldson, 1979 ; Masangkay ellal4).

Dés un an, les jeunes enfants apprennent égaldengateur que peut avoir un objet en
lisant les émotions positives ou négatives asse@da fois au regard mais aussi au langage
utilisé (Moses et al., 2001 ; Mumme & Fernald, 20@epacholi, 1998). Ainsi, ils passent
moins de temps a observer I'objet sur lequel legrema exprimé du dégout que sur celui
auquel elle a montré du contentement (Moses €2@0] ; Repacholi, 1998). Cette lecture des
émotions s’améliore avec I'age, les enfants d’emvi2 ans comprenant qu’un objet placé
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hors de leur vue est probablement désirable saaemaire porte un regard positif sur celui-ci
(Wellman et al., 2000). En plus de lire au travdis comportement et du regard les
informations qu’un partenaire peut fournir, lesrjesi enfants savent manipuler la réponse
emotionnelle des autres ; ils peuvent réconforterami en détresse en le caressant et en
'embrassant, ou apporter leur peluche a un aduwliéfrant (Zahn-Waxler et al., 1992). Vers
4-5 ans, les enfants comprennent des émotions qioyplexes comme le fait que des
personnes ne ressentent pas toujours ce qu’'elissed paraitre, que leur réaction
emotionnelle a un événement peut étre influencédéepa expérience passée ou leur humeur
actuelle, et qu’elles peuvent ressentir deux émetionflictuelles simultanément (Flavell &
Miller, 1998).

La capacité a analyser la signification du regam ghartenaire fournit donc a I'enfant des
éléments essentiels sur la compréhension de sorémationnel et sur les informations
potentiellement cachées ou erronées qu’il poutaitionner, autant d’indices qui peuvent
I'aider a mieux prédire le résultat d’'un échanga etener a bien une transaction économique
en maximisant ses gains.

Lorsqu’on s’attache aux activités plus concrétes mErsonnes, on observe que c’est vers
9-12 mois que les enfants commencent a distingegradtions réalisées mécaniquement de
celles d’agents ayant des buts précis (Carpentdr, €998 ; Gergely et al., 1995 ; Woodward
& Sommerville, 2000). lls s’engagent spontanémeanisddes interactions dites triadiques
(passive joint engagmemdans le sens ou elles impliquent I'enfant, laspane engagée dans
l'activité et I'objet vers lequel I'attention esirigié (Bakeman & Adamson, 1984 ; Tomasello,
1995, 2007). Au cours de ces activités, les detervenants agissent simultanément sur
I'objet vers un but commun, bien que leurs actionsouvement de va et vient d'une balle,
par exemple - restent indépendantes (Eckerman, 4989 ; Mueller & Brenner, 1977). Entre
12 et 18 mois, les enfants développent la compsétierdes intentions du partenaire c’est-a-
dire le plan d’action nécessaire pour atteindre b (Bratman, 1989). Plus actifs dans leur
interaction, ils sont capables d’aider un adultepemtant le moyen a utiliser pour atteindre
son but, ou en réalisant eux-mémes l'action négespaur le réaliser, comme ouvrir une
porte si les mains du partenaire sont chargéegkaveski et al., 2006 ; Rheingold et al., 1976
; Tomasello 1995 ; Warneken & Tomasello, 2007, 20@Best également a cette période
gu’ils commencent a s’engager dans des activitéparatives, partageant activement avec le
partenaire a la fois les buts et les intentiosBafed intentionnalify (Bratman, 1992 ;
Tomasello, 2007). Ces activités peuvent étre sismplas’engager dans une conversation,
échanger des objets - ou plus complexes - réaliserconstruction, jouer un morceau de
musique - (Tomasello et al., 2005) et impliquentcampréhension des différents roles
impliqués dans la coopération et leur complémeétdBearle, 1995 ; Tuomela, 1995). Par
exemple, si un partenaire a cesseé d’interagir &vetenfant essaie de le réengager dans le
réle qu’il est supposé jouer pour atteindre leur dmmmun (Carpenter et al., 2005 ; Ross &
Lollis, 1987 ; Tomasello et al.,, 2005 ; WarnekenT&masello, 2007). Certains auteurs
suggerent cependant que la coordination complegedles avec des buts multiples ne serait
effective qu'apres 2 ans (Ashley & Tomasello, 19%8niley, 2001).
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3.1.2.2. Croyances et représentations mentalesiésso

La seconde étape de I'émergence d’'une théorie edgrit, spécifique a I'étre humain
(Tomasello & Rakockzy, 2003), se développe aveniapréhension que les autres personnes
peuvent avoir des croyances et des pensées qardiiffdes siennes et de la réalité. Les
travaux reéalisés pour déterminer la période de ldppement a laquelle les enfants
considéerent autrui comme wagent mentak’accordent sur un age de 4-5 ans. Ces études
consistent a demander a I'enfant soit de considifférentes perspectives dans des taches de
fausse croyancddlse belief tasksoit de distinguer l'apparence de la réal@ppgearance-
reality task.

Introduits par Wimmer et Perner (1983), les tedsfalisse croyance sont basés sur la
faculté de I'enfant a expliquer son point de vuendvénement et la perspective d'autrui. La
tache la plus fréequemment utilisée, le test dest&Baconcerne sa propre croyance (Gopnik
& Astington, 1988 ; Perner et al., 1987 ; WimmeHa&rtl, 1991). Elle consiste a présenter a
I'enfant une boite de smarties et a lui demandeudéecroit qu’il y a a I'intérieur. L’enfant
répond bien entendu que la boite contient des btmhbdexpérimentateur montre alors qu'a
l'intérieur de la boite se trouve un crayon, puiii demande ce qu’il croit qu’un camarade
va répondre a propos du contenu de la boite. Argiet4 ans, les enfants comprennent que
leur camarade n’est pas informé de la situatiopesise que la boite contient des bonbons.
Une seconde tache consiste a déplacer, sous lasdgellenfant mais a I'insu d’'une autre
personne, un objet d’'un endroit A a un endroit B. d@mande alors a I'enfant de prédire ou
'autre personne, qui a vu I'objet étre placé alégment en A, ira le chercher. Cette tache,
adaptée sous plusieurs versions avec « Sally et AnfBaron-Cohen et al., 1985 ; Frith,
1989) ou « Max et sa barre de chocolat » (Doherfyetner, 1998 ; Perner & Lang, 1999) a
de nouveau montré que ce n’est qu'a 4 ans quenfaste sont capables d’attribuer a l'autre
personne, qui n'a pas vu le déplacement de I'objet,fausse croyance et de répondre qu’elle
ira chercher en A I'objet qui est en réalité plaoéB.

Dans les tests d'apparence-réalité, I'enfant doitmer I'apparence d'un objet puis ce que
l'objet est en réalité. Le test du caillou-éponglaell, 1986) consiste a présenter a I'enfant
une éponge en forme de roche et a lui demandeu’des@git. Comme I'expérimentateur a
feint que l'objet est lourd, I'enfant répond quest’ une roche. Apres lui avoir montré que
I'objet a été peint et qu'’il s’agit d’'une épong@, ikdemande a I'enfant s’il pense que I'objet
est un caillou ou une éponge. Seuls les enfanptudede 4 ans sont capables de répondre que
I'objet ressemble a un caillou mais gu'’il s’agielément d’une éponge.

Les connaissances des enfants sur les représastaientales continuent a s’améliorer
apres I'age de 4 ans. En particulier, la capacjigéger a une personne une penseée en fonction
de la pensée d'une autre personne (raisonnemetypdu« Sylvie pense que Patrice pense
gue... ») n‘apparait que vers 6-7 ans (Fabricius &wamenflugel, 1994 ; Flavell et al.,
1999 ; Wellman & Hickling, 1994). En regle générdés études tendent donc a montrer que
la capacité a distinguer sa propre perspectiveetle d’autrui est une compétence qui semble
se consolider entre 4 et 7 ans (Perner et al., 2ldliman & Gelman, 1998). Elle représente
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un outil efficace dans la maximisation des gaireymettant par exemple a des enfants de
passer de simples requétes a I'élaboration de ragots ou de méthodes de persuasion
(Palan & Wilkes, 1997 ; Popper, 1979 ; Rust, 1983)grande majorité des enfants de 3 ans
n'ont pas encore acquis une véritable compréhend@ia fausse croyance et attribuent a
autrui une croyance basée sur la réalité objeqtiutdt que sur la subjectivité individuelle.
Leur incapacité a séparer ce gu'’ils savent eux-rséaece que quelqu’un d’autre sait et donc
a juger de la fiabilité de l'information provenal# leur partenaire d’échange peut d’'une part
les rendre vulnérables a toute sorte de tricheti€l’autre part limiter leur aptitude a leurrer
leur adversaire au cours de la transaction écongrpqur maximiser leur bénéfice.

3.1.2.3. Confiance et détection de la tricherie

De nombreux modeéles d’interactions économiquesgisdsle jeu de I'investissement décrit
préecédemment (Berg et al., 1995) ont montré quwite de décision est influencée par des
préférences sociales telles que la confiance aédgrocité (Bolton & Ockenfels, 2000 ;
Charness & Rabin, 2002 ; Falk & Fischbacher, 2066hr & Schmidt, 1999). La confiance
représente en effet un « lubrifiant » importantsgiateme social (Arrow, 1974) qui guide les
choix des agents économiques dans des situatiomgestissement (Berg et al.,, 1995 ;
Braynov & Sandholm, 2002). Avant d’accorder leunftance a un partenaire d’échange, les
individus doivent étre en mesure d'estimer sa lii@ien détectant d'éventuelles
dissimulations ou tricheries (Evans & Krueger, 2011

Les enfants sont souvent placés dans des situatiengux compétitifs qui laissent
intervenir des possibilités de tricheries ou denperies de la part de I'adversaire. Trivers
(1971) a distingué deux formes de tricherie : #ae (ross cheatingou le tricheur ne
donne rien ou fournit une information ou un objétédent de ceux initialement prévus, ou
plus subtile gubtle cheating ou le tricheur maintient un comportement apparemm
coopératif mais rend moins que ce qui a été dobeéaradigme de non-révélation de la
localisation d’un objet caché a montré que lesr@rfde 4 ans ont beaucoup de difficultés a
inhiber leur comportement d'orientation vers I'thgaché quand on les interroge sur la
localisation (La Freniére & Ménard, 1990). En restam les enfants de plus de 5 ans sont
capables de prétendre ne pas savoir ou se troobptl’ lIs peuvent également fournir une
fausse localisation pour induire l'autre en err@lautres études ont montré des compétences
plus poussées a I'dge de 10 ans, consistant aifalenfausses informations ou de faux
résultats (Christie & Geis, 1979 ; Desmezieres &ddaey, 1994).

L'étude de la tromperie en tant que stratégie Boeit étroitement liée a I'émergence d'une
théorie de l'esprit et en particulier au développatnde la distinction entre apparence et
réalité (Astington et al., 1988 ; Flavell, 1986)eihsemble de ces recherches offre donc des
résultats convergents pour un age de détectioa ptatique de la tromperie stratégique aprés
4 ans, ce qui correspond a la période de dévelopmpede la compréhension des pensées et
croyances des partenaires sociaux (Harris et @86)1 Etant mieux prémunis pour estimer si
leur partenaire est digne de confiance, les enfahis agés pourraient s’engager plus
facilement dans une transaction économique.
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3.2. Ce que nous apprend I'étude des primates nomimains

L'étre humain apparait comme la seule espece agiameloppé les compétences
économiques nécessaires a I'émergence d'un systéenmwopération complexe tel que le
commerce. Afin de comprendre les bases évolutiwed' @onomie, il est primordial de
connaitre les capacités d’échange chez les anim@aomparer les capacités cognitives
nécessaires a I'émergence et au développement alepétences économiques chez les
primates non humains avec ceux des enfants domgige de préciser les mécanismes a
I'origine des décisions économiques.

Les travaux des derniéres années ont révélé lidptides primates non humains a
s’engager dans des transactions économiques avexpénmentateur humain sur la base de
dons et d’échanges d’objets et de nourriture ([2ragh al., 2005 ; Lefebvre, 1982 ; Ramseyer
et al., 2006 ; Westergaard et al., 2004). Ces tadhiehange ont permis de mettre en lumiére
des facultés cognitives avancées en termes d'dgiimales valeurs, de controle de
limpulsivité ou d’estimation du risque. On a pu m@r la capacité des singes et des grands
singes a comparer des biens selon leur qualitéuetduantité (Addessi et al., 2007 ; Beran,
2008 ; Boysen & Berntson, 1995 ; Hanus & Call, 20®&ilberberg & Fujita, 1996) et a
combiner des quantités discretes d’items (Beraah.,e2008 ; Call, 2000 ; Hauser et al., 2000 ;
Rumbaugh et al., 1988). Des macaques rhédasgca mulatty testés dans une expérience
similaire a celle de Wynn (1992) chez les enfap&jvent reconnaitre des additions et des
soustractions (Hauser et al., 1996) alors que a@gains brunsGebus apellasont également
capables de sommer la valeur de jetons représatdgrdtites quantités (Addessi et al., 2007).
Des études récentes ont montré que des singesamatiles d’adapter leur investissement en
fonction du risque de la transaction (Pelé etsalumis) ou du risque lié au comportement du
partenaire d’échange lui-méme RACLES 5 et 6 de lI'annexe). En terme de contrble de
limpulsivité, il apparait que la valeur de la régoense et la durée d'attente sont les facteurs
principaux limitant les capacités d’attente deswitdis : les chimpanzé$an troglodytel
les macaques et les capucins bruns attendent mt'quites souvent que le temps imposé est
court et la récompense élevée (Dufour et al., 20081¢é et al., 2010, 2011 ; Ramseyer et al.,
2006). Etant donné que le contrble de soi et hestion du temps ne sont pas entierement
maitrisés par les jeunes enfants, on peut suppmsés rencontreraient des difficultés
semblables pour différer une récompense dans dbeddle gratification retardée. Enfin, les
grands singes reussissent généralement mieux g@ilees singes dans des tests ou on leur
demande d’attribuer des intentions a l'autre (Tagllask Call, 1997).

Les travaux actuels cherchent a déterminer si id&s dognitifs typiques des étres humains
peuvent également limiter la rationalité de la dgiéci chez les primates non humains. On a
ainsi montré l'existence d'un effet de dotationzches chimpanzés et les capucins bruns
(Brosnan et al., 2007 ; Lakshminaryanan et al. 320éinsi qu’'une aversion a la perte chez les
capucins bruns (Chen et al., 2006).
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4. OBJECTIFS DE LA THESE

Nous avons vu gqu’une importante littérature s’eséressée a la compréhension que les
enfants ont du monde économique adulte et de aesepts tels que la notion d’'argent, de
banque ou de salaire (Berti & Bombi, 1988 ; Furnhaf®6 ; Leiser et al., 1990). Quelques
travaux ont également cherché a étudier, prinaipatd sur la base d’observations de
situations quotidiennes, ce qu’ils comprenaienkede propre marché économique (Barrett &
Buchanan-Barrow, 2005 ; Cipriani-Crauste, 2000 bW 2005). Cependant, comment les
enfants apprennent a optimiser leur comportemesriagdique reste un domaine encore mal
connu.

Ce travail de thése a eu pour objectif demprendre comment les compétences
economiques se mettent en place au cours du d@estagnt. Il s’est agi de déterminer 'age
auquel les enfants sont capables de maximiser t@min et de préciser les facteurs
susceptibles d’entrainer ou de modifier leur déxisi Pour chacune des compétences
etudiées, j'ai cherché a identifier les parallelstre la justesse des décisions économiques et
les stades connus du développement socio-cogmé kenfant.

L’aptitude précoce des enfants a s’engager dansngesctions avec un adulte, avant
méme qu’ils puissent communiquer de maniere efficag travers du langage, a permis
d’envisager I'étude de situations d’échange chezemdants encore trés jeunes. J'ai testé des
enfants agés de 14 mois a 10 ans au centre decbeHaving Links du zoo d’Edimbourg et
dans différentes écoles de Strasbourg.

Dans une premiéere partie (Chapitre 1), jai étude développement du don et de
'échange chez les enfants pour déterminer I'dgqueluils apprennent a utiliser ces
compétences pour maximiser leur gaiR(ALE 1). J'ai testé des enfants agés de 14 mois a 4
ans dans une tache d’échange dans laquelle ilset\donner un objet a I'expérimentateur
puis I'échanger pour obtenir une récompense alianentJe leur ai ensuite proposé des
échanges d’items alimentaires pour tester leurat@pa prendre en compte la valeur relative
des biens au cours d’'une transaction. Pour évéinluence du partenaire d’échange, les
enfants qui refusaient de donner ou d'échanger deapérimentateur étaient testés en
présence de leur parent.

Dans une seconde partie (Chapitre 1V), jai étudicapacité des enfants a différer le
retour d’'une récompense au cours d’'une transaettec un expérimentateur présent tout au
long de l'interaction (&RTICLE 2). Pour cela, jai soumis des enfants agés del 2@s a une
tache d’échange avec des délais croissants datéeaint I'obtention de la récompense finale.
J'ai employé différentes qualités et quantitésédempense pour savoir si la performance des
enfants est influencée par la valeur de la récosmen

Dans une troisieme partie (Chapitre V), jai ché&céhdéterminer dans quelle mesure les
enfants sont capables de calculer leur investisserser la base de difféerentes offres
(ARTICLE 3). Les enfants agés de 3 a 10 ans recevaieialenitent 4 items alimentaires qu'ils
pouvaient garder ou échanger. Le premier expérimeunt offrait le double de la quantité de
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bonbons initialement rendue par I'enfant tandis usecond offrait systématiquement une
guantitt maximale de bonbons peu importe linvestisent initial de I'enfant. Pour
maximiser leurs gains, les enfants devaient ajustarinvestissement de maniére différente
en fonction des expérimentateurs, en donnant leiima® de bonbons au premier et le
minimum au second.

La derniére partie (Chapitre VI) a eu pour objectiévaluer I'aptitude des enfants a
maximiser leur bénéfice dans une situation risqééericLE 4). J'ai cherché a identifier les
facteurs de décision susceptibles de déterminahleis économiques des enfants en fonction
de l'age. J'ai testé des enfants agés de 3 a &lass une tache d’échange ou je leur ai
présenté une combinaison de récompenses de dimsrdiféérentes : inférieure, équivalente
ou supérieure a litem de nourriture qu'il devaihdre. Si I'enfant acceptait I'échange, Il
recevait de maniere aléatoire l'une des récompedse$a combinaison proposée. Jai
confronté les choix des enfants a différents madélsonomiques de prise de décision de
maniéere a préciser I'évolution avec I'age des égiats des enfants face au risque.
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1. PERIODES ET SITES D' ETUDE

Les expériences se sont déroulées sur quatre périathvril 2009 a mars 2011, qui
correspondent aux quatre grandes problématiquettie these. Les périodes d’étude sont
précisées dans le Tableau 2.

Tableau 2. Périodes d'étude

N° Nom de I'étude Période

1 DON ETECHANGE  avril a décembre 2009

2 DELAI juillet & septembre 2010

3 INVESTISSEMENT novembre 2010 a mars 2011
4 RISQUE janvier a mai 2010

Les études 1, 2 et 4 ont été réalisées au Livimggd,icentre de recherche sur I'Evolution
Humaine du zoo d’Edimbourg en Ecosse. L'étude 3téaréalisée au sein des écoles
maternelle et élémentaire de la Robertsau de Simagben France. Sept enfants ont
egalement été testés séparément chez eux a Strgisbou

Les expériences ont eu lieu au sein de piécesesafsalle de recherche ou piéce annexe
aux salles de classe) comportant une petite tastangulaire, des chaises et une décoration
minimaliste.

2. AUTORISATIONS

J'ai obtenu l'autorisation de travailler avec legagts en Ecosse par le comité d’éthique,
'UTREC, de I'Université de Saint-Andrews (référent°PS5528).

J'ai également recu l'autorisation de l'inspectidiacadémie du Bas-Rhin (référence
DIVEL1/09-670/1J) pour travailler dans les écolesFeance. Les directrices Mme Michelle
Helmstetter et Mme Annick Leclerc ainsi que l'insgir de circonscription, M. Reiss, ont
donné leurs accords pour la réalisation d’expédsnau sein des écoles maternelles et
élémentaires de la Robertsau.

Pour tous les enfants participant aux études, iapeéalablement recu I'accord écrit des
parents. L’enregistrement vidéo des sessions dis it réalisé uniquement si une
autorisation spécifique des parents avait été oleten
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3. GROUPES DETUDE
3.1. Présentation générale

J'ai mené ce projet sur 802 enfants : 210 enfaats pétude 1, 252 pour I'étude 2, 32
pour I'étude 3 (testés 10 fois chacun), 288 pcétutie 4. Le ratio filles-garcons était le méme
dans chacune des expériences. Vingt enfants supptéaires ont également été testés (sept
pour I'étude 1, un pour I'étude 3, douze pour Idud) mais ont ensuite été exclus des
données analysées car ils n‘avaient pas atteiatitiere de succés permettant de passer a la
phase de test, ils n’avaient pas été attentifsdiftérents tests, ou ils n’appartenaient pas aux
classes d’'age désirées pour I'expérience. Lesciyaatits étaient européens et appartenaient a
la classe moyenne de la population. lls parlaieas ttouramment anglais (étude 1, 2, 4) ou
francais (étude 3).

3.2. Détermination des classes d’age

Le choix des groupes d’age a été réalisé sur la dasnos connaissances des différentes
étapes du développement cognitif et social de denfEn intégrant ce que l'on sait du
développement de certaines facultés, jai pu cilidsr périodes au cours desquelles les
différentes compétences eéconomiques pouvaient @metge développer. Selon les études,
les enfants ont été répartis en plusieurs clasége de 14 mois a 10 ans. On trouvera dans le
Tableau 3 un récapitulatif par classe d’age deel’agpyen et du nombre d’enfants ayant
participé a chaque étude.

Pour la premiére étude, j'ai testé des enfants dgélst mois a 4 ans révolus. On sait que
les enfants peuvent donner spontanément des @bjate tierce personne des leur premiere
année de vie (observation réalisée a 9,5 mois paingold et ses collegues en 1976).
Cependant, notre étude impliquant une situatiorctdiége non familiere avec la présence
d’'un partenaire inconnu, on pouvait supposer guié seraient capables de s’engager dans le
don et I'échange que plus tardivement ; jai doptégour une premiére catégorie d’age de
14 a 17 mois. Les études préliminaires ont égalemmamtré qu’avant cet age les enfants
étaient moins disposés a maintenir leur attentoorh &u long de la séance de test et a rester
calmement assis sur les genoux de leurs parents. Idjectif de définir le plus précisément
possible I'age d’émergence du don et de I'échalegegériode sélectionnée a été divisée en
catégories d’age de 4 mois pour les enfants agésailes de 2 ans et demi ; les facultés
recherchées étant supposées acquises apres cédsagafants plus agés ont été regroupés
dans deux catégories de 17 mois chacune.

Pour la seconde étude, j'ai porté mon attentiondssgrenfants agées de 2 a 4 ans révolus.
Les précédents travaux portant sur les capacitétedte (Lemmon & Moore, 2007 ; Mischel
et al., 1989) ont impliqué des enfants de cettégate d’age, il m’a donc paru intéressant de
sélectionner les mémes périodes de développemast wia but comparatif de situations
impliquant ou non un échange de type économique.
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Dans la troisieme étude, j'ai testé des enfants @gé3 a 10 ans révolus. Peu de données
permettaient de cerner lI'age auquel des enfantsiesgr en mesure d’'ajuster leur
investissement en fonction du profit de deux paites d’échange. J'ai donc sélectionné une
longue période de développement. Cette étude poungessiter une certaine maitrise des
compétences numériques, j'ai sélectionné des enfagés d’au moins 3 ans. Les contraintes
de recrutement des enfants ont conduit a ne ré#iisede que sur quatre catégories d’age de
3 ans, 5ans, 7 ans et 10 ans.

Pour la derniére étude, j'ai recruté des enfanés @ 3 a 8 ans révolus. Seule une étude
s’est intéressée a la prise de décision des endaydts de 5 a 8 ans face a un choix risqué
(Harbaugh et al., 2002), mais les données cheenfzsts plus jeunes sont absentes. On sait
gue les enfants de 4-5 ans possedent une compi@hnémnisitive des probabilités dans des
situations de prise de décision risquée (Ander§fl ; Denison et al., 2006 ; Schlottmann,
2001). Cependant, on ne peut affirmer que cettarisgisoit suffisante ou nécessaire pour
maximiser ses bénéfices, ni méme que des enfamsjglines possedent des raisonnements
différents qui leur permettraient néanmoins de menbien une transaction. Sur la base de
ces données, j'ai donc opté pour un age minimurs ptacoce de 3 ans.
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Tableau 3. Caractéristiques des groupes d’enfantea@mbre d’enfants, age moyen)

Etude 1 : don et échange Etude 2 : délai Etude 3 : investissement Etude 4 : risque
Agt_a . Age Fille Garcgon Age , Age . Age
(mois/ Fille Garcon moyen moyen Fille Gargcon moyen Fille Garcon  moyen
. (expl/2) (expl/2) . : )
ans) (mois) (mois) (mois) (mois)
14-17 15 15 15.5 non testé non testé non testé non testé - non testé non testé -
18-21 15 15 19.6 non testé non testé non testé non testé - non testé non testé -
22-25 15 15 23.4 non testé non testé non testé non testé - non testé non testé -
26-31 non testé non testé - non testé non testé -
30/12 30/12 28.9/28.7
32-35 45 46 33.9 non testé non testé - non testé non testé -
36-41 30/12 30/12 41.1/40.9
4 4 41.4 24 24 42.3
42-47
15 14 54.8 30/12 30/12 53.5/52.7
4 ans non testé non testé - 24 24 54.3
5 ans non testé non testé - non testé non testé 4 4 66.4 24 24 65.5
6 ans non testé non testé - non testé non testé non testé non testé - 24 24 78.0
7 ans non testé non testé - non testé non testé 4 4 88.0 24 24 89.3
8 ans non testé non testé - non testé non testé non testé non testé - 24 24 100.0
10 ans non testé non testé - non testé non testé 4 4 125.6 non testé non testé -
S;g:‘; - 105 105 ; 90/36  90/36 16 16 ; 144 144 ;
Total 210 - 180/72 32 - 288 -
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4. DEROULEMENT D 'UNE SEANCE

Les enfants ont été recrutés au cours de leuewsitcentre de recherche du Living Links
situé dans le zoo d’Edimbourg. Une lettre d’invdatet une feuille d’'information décrivant
le but général et les modalités de I'étude étadorinées aux parents afin d’obtenir leur
autorisation (AINEXE 1). Les enfants étaient testés durant une seuteadéke plusieurs tests.
La troisieme étude, réalisée au sein méme dessLaatécessité de tester les enfants pendant
10 séances de plusieurs tests. Les invitationsrétdonnées aux parents tot le matin lors du
premier jour de test (MNEXE 2).

Tous les enfants étaient testés individuellemene Béance de tests durait entre 15 et 20
minutes. Avant le début des tests, I'expérimentaseuprésentait a I'enfant pour le mettre le
plus possible en confiance. Puis I'expérimentatiivitait a s’asseoir a une table sur une
chaise située en face d’elle.

Lorsqu'il le désirait, un seul parent était autérisrester avec son enfant au cours des tests.
Dans ce cas, il lui était demandé de ne pas conguaniou d’interagir avec lui. Si I'enfant
recherchait une interaction avec le parent, celuidevait rediriger son attention sur
I'expérimentateur sans orienter sa réponse oudandr des indices sur ce qu'il devait faire.
Si I'enfant cherchait a entrer en contact avec pé&knentateur, celle-ci répétait les
instructions et encourageait I'enfant a redirigar attention sur la tache.

Aucune rémunération financiere n’était offerte ende séance mais les enfants pouvaient
emporter les récompenses alimentaires obtenues.

5. DONNEES RELEVEES
5.1. Parameétres identifiés

Un guestionnaire détaillé a été donné a remplinague parent afin de prendre en compte
les différents parameétres susceptibles d’affectar facultés de I'enfant. Les paramétres
relevés étaient les suivants :

v Ladate de naissan¢afin de connaitre I'age exact de I'enfant le jdurtest.
v' Le sexede I'enfant.
v L’ existence de fréres et sceatdaposition de I'enfant au sein de la fratrie

v’ L’ état de satiétél ’heure de la derniére prise alimentaire a ét€aafin de s’assurer que
la faim ou le manque d’appétit n’influencerait das résultats de I'étude. Je me suis
régulierement assurée au cours des séances detikatina de I'enfant a obtenir les
récompenses proposées.
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5.2. Observations comportementales

A chaque séance de tests, les comportements desterdnt été notés pour les cing
variables suivantes :

v’ L’ attitudegénéralede I'enfant face a I'expérimentateur : neutre jdien assuré.

v Lescoups d’'ceil ou regard persistansrtés sur I'expérimentateur ou la récompense. Ces
comportements permettent d’'une part d’estimer t'éta confiance de I'enfant envers le
partenaire d’échange et d’autre part de mesurerasavation a obtenir la récompense.

v’ Lestentatives de communicatiavec I'expérimentateur ou le parent.

v' Les commentaires autocentréses paroles dirigées vers soi. Elles sont révélatraeda
maniére dont I'enfant procede pour réussir la tatisn : par exemple, estimation du
temps restant lors de la seconde étude, ou dénombtales items alimentaires a rendre et
du bénéfice total de la transaction lors de lstéone étude.

v’ La séquence comportementaléenchainement des comportements et leurs duméeété
relevés au cours de la période d’attente, uniquéntars I'Etude 2 :

+ attente passive : tenir le biscuit, regarder leclis regarder I'expérimentateur,
regarder I'environnement.

+ distraction : toucher, jouer avec le biscuit, jogeul(e), simuler ou godter le biscuit,
parler avec le parent.

Le relevé des stratégies d’attente pouvait étréittapar les vidéos réalisées sur les enfants
dont les parents avaient donné préalablement mard. Quand différentes stratégies ont été
utilisées par un enfant, la stratégie dominantentet était celle qui avait duré le plus
longtemps en fonction de la durée totale d’attente.
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CHAPITRE 3

LE DEVELOPPEMENT

DU DON ET DE LECHANGE




SYNTHESE DE LARTICLE 1

Le développement précoce du don et de I'échange

chez les enfants

Article en révision pou$ocial Development

L 2 2 4

our comprendre comment se développent les comestertonomiques chez les enfants,

la premiere étape consiste a s’interroger sur lased sur lesquelles repose toute
transaction, a savoir le don et I'échange. Réaliser transaction économique nécessite un
transfert de biens, d’objets ou de services. Dettahsferts ne sont pas le monopole des étres
humains puisque différentes espéces animales,réoutiar les singes, en sont capables. Bien
qgue l'approche évolutive ne soit pas le but prerdemmes recherches, il reste pertinent de
confronter les difféerentes compétences nécessairgstransactions économiques chez les
enfants et les primates non humains, afin de cérmida la lumiere de I'évolution les
fondements de I'économie. Chez la plupart des t&idumaines, les transactions prennent la
forme de dons volontaires bien qu’'ils soient eritaéegis par de nombreuses obligations
sociales ou morales. Le don est également présamst lés sociétés occidentales mais c’est
sur un systeme d’échanges mutuels entre personmest gprincipalement basée notre
economie. Etre en mesure de mobiliser rapidementdeax compétences reste aujourd’hui
indispensable a la fois pour s’intégrer socialemegrdans une certaine mesure pour évoluer
en sociéteé.

Si les dons et échanges sont couramment utiligésdies transactions chez l'adulte, ils
apparaissent déja chez les enfants, soulignantagdsederniers I'existence de compétences de
type économique. Les enfants sont exposeés tremutdechanges que ce soit au sein de leur
famille ou a I'école. Les jeunes enfants sont eimeodes acteurs de plus en plus actifs de la
consommation ce qui a provoqué des recherchegs@ohnaissances qu'’ils peuvent avoir de
notions économiques telles que I'argent ou la publi Pourtant, bien que nous sachions que
les aptitudes au don et a I'échange soient déjaeptés au cours de I'enfance, nous ne
disposons pas de données quantitatives sur leud’@égeergence et leur développement. En
particulier, quand et comment les enfants compm@ngee donner ou échanger peut leur
permettre de tirer des avantages dans leurs netatiociales ou d’obtenir des biens désirés
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nécessite une investigation spécifique. La capgqrdéoce des enfants a s’engager dans des
interactions avec un adulte, avant méme qu’ils camiquent efficacement au travers du
langage, permet d’envisager I'étude de situatio®shdnge chez des enfants encore treés
jeunes. La présente étude a pour but d’étudieéleldppement du don et de I'’échange chez
les enfants. Il s’agit dans cette premiéere séerexkriences de déterminer quelle proportion
d’enfants s’engagent dans le don ou I'’échangeelaten fonction de I'age et de la familiarité
du partenaire.

J'ai testé des enfants agés de 14 mois a 5 ansut@ntiche d’échange ou il leur était
d’abord demandé de donner un objet a I'expérimeuntatuis de I'échanger pour obtenir une
récompense alimentaire. La plupart des enfantsdominé un ou plusieurs objets bien
gu’aucune récompense n'ait été offerte en retoer.nbmbre moyen d’objets échangés a
augmenté apres 18 mois. L'analyse des résultatdrenguoie les enfants privilégient leur
propre intérét dans une tache d’échange car ceuangquefusé de donner tous les objets ont
accepté de les échanger contre une récompensedé\fiéterminer leur capacité a prendre en
compte la valeur relative des biens au cours dtremesaction, je leur ai ensuite proposé des
échanges qualitatifs et quantitatifs d’items alitages. Dés 15 mois, les enfants étaient
capables de s’engager dans des échanges qualitaigséussir des échanges quantitatifs n'a
été observé gu’'aprés 16 mois. Les performancesdits ont augmenté vers 22 mois.
Enfin, pour évaluer I'impact du partenaire d’échanigs enfants qui refusaient de donner ou
d’échanger avec I'expérimentateur ont été testés kur parent. Environ un tiers des enfants
ont refusé de s’engager dans une transaction avexamenaire non familier mais ont alors
accepté de le faire avec un parent. Par ailleurs,interaction entre le sexe des enfants et la
présence de freres et sceurs a été mise en évicleerées plus jeunes.

Les performances des enfants dans le don et '§ehangmentent entre 14 et 22 mois.
Cela correspond au développement de plusieurs téscidocio-cognitives telles que le
contrdle de soi ou I'expérience avec la fratriegzet la seconde année de vie. |l apparait que
les tres jeunes enfants peuvent déja accepterrtigpades objets avec une tierce personne,
méme quand rien n’est offert en retour. En pamald$ reconnaissent trés tét leur propre
intérét et peuvent utiliser les autres personnas paeximiser leurs gains. L'effet de la
familiarité du partenaire et de la fratrie souligiefluence additionnelle de I'environnement
social.
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Abstract

Gifts and exchanges represent the foundations achvédtonomic skills are built. Despite the
importance of these phenomena, we have limited ledye about how gifts and exchanges
arise in children, and whether the stages of cogndevelopment match the development of
economic skills. So we studied age-related chamg#dse performances of 210 children aged
14 to 60 months when giving an object to an aduly when exchanging an object with an
adult to obtain a food reward. Children were aldtered qualitative and quantitative
exchanges of food items to assess their abilitiake into account the relative value of the
goods when exchanging. We found that most childeeen the youngest, could freely give
objects to an adult when nothing was offered irhange. They could also, from an early age,
recognize their interest in an exchange and usr®tb acquire more. Performances in giving
and exchanging increased after 18 and 22 monthgafrespectively. This supports the idea
that changes in cognitive abilities that occur jusfore children turn 2 years old are related to
the optimality of decision-making. Lastly, havingblsxgs positively influenced the
performances of subjects, which points at the obline social environment in the acquisition
of economic skills.

Keywords economics; psychology; trading; age; children
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Introduction

In Western economies, where most developmentalrempetal studies of reciprocation have
been conducted, reciprocal transfers typically tddeeform of one-for-one exchange, where
two parties formally agree to exchange one goocfmther. In contrast, reciprocal transfers
of goods and services in many societies can takeeplnder the guise of gifts, extending to
the returning of gifts without initial agreementamtract (Mauss, 1967). Such gifts appear to
be voluntary but in many cultures they are oftewegiand repaid through legal or social
obligation: examples include dances, ceremoniegl &haring, or mutualisation of goods in a
business enterprise. In these cases the act oiggtveates a social bond with an obligation to
reciprocate. Not giving in return affects the relaship with the giver and has a negative
effect on one’s reputation (Mauss, 1967). Gifts anathanges occur amongst children
(Cohen, 2006); they likely represent the corneneston which economic skills are built. In
many societies children are either exposed towlwed in gifts and exchanges from an early
age within their families. Yet, we lack informati@bout how gifts and exchanges arise in
children. In particular, we need to know at whatgst of their cognitive development they
understand that they can give freely or that thay ase gifts as a way to gain more, for
example to improve social support or gain appealioagds.

When trading, adults rely on complex cognitive iie# including evaluation, patience,
anticipation, and understanding the role of ot{&shneman & Tversky, 2000; Nofsinger,
2005). In children these abilities are subjected tevelopmental process and are not mature
at the same time; thus one can expect that youolgdren should be less skilled at
optimizing their gains than adults (Mischel, 196&lving, 2005). A primary skill is the
ability to give. Free giving (i.e. offering on itavn initiative) to a partner, peers or siblings,
has been described in play contexts at around1? tmonths of age (Eckerman, Whatley, &
Kutz, 1975; Hay, 1979; Hay & Murray, 1982; RheirdjoHay, & West, 1976; Ross &
Goldman, 1977). Rheingold and colleagues (197&rteg that 12- to 15-month-old children
could also respond to an unfamiliar person's gakt@guest by bringing an object. This
behavior appears to increase as children appré@ohsecond birthday (Hay, 1979).

Sharing behavior includes actions as well as emst{&isenberg & Fabes, 1998). During
the first years of life children can respond toeoh psychological and emotional states
(Baron-CohenTager-Flusberg, & Cohen, 1993; Tomasello & Rako@303; Wellman &
Bartsch, 1994). Children who have younger sibliofjsn comfort them if they show signs of
distress (Howe & Ross, 1990). Two-year-olds camtifie emotional distress and offer
assistance to older persons. However, they ofteporel in ways that they themselves find
comforting, based on their own needs rather thanntbeds of the person in distress; for
example, they offer a teddy bear as comfort to laerochild or adult. Children may lack
skills or insights into appropriate helping behayBarnett, Darcie, Holland, & Kobasigawa,
1982; Hoffman, 1982) and their motives are probaldp changing throughout development.
Some studies showed that sharing behavior decremssémnguage improves (Cook, 1977,
Eckerman, Davis, & Didow, 1989) with verbal interans becoming the prominent tool to
demonstrate goodwill (Eckerman et al., 1989; How®87). According to their age children
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may engage in giving due to an intrinsic “altrudstmotivation (Dunn, 1988), to a motivation
to share behavior and emotion (Tomasello, Carpe@@i, Behne, & Moll, 2005), or due to
self-centered objectives when they realize thangimay allow them obtaining more.

Maximizing gains requires evaluating the value obds or services, and exhibiting a
certain level of self-control. In Western societistudies have shown that children make
“more” and “less” value judgments about discretargilies from the age of 10 months
(Cooper, 1984). They can, for example, recognigl humerosities of 4 items or more, albeit
in an imprecise way (Brannon, 2002; Feigenson, Beba& Spelke, 2004; Lipton & Spelke,
2004; Xu, 2003; Xu & Spelke, 2000). Concerning -selftrol abilities, they follow a
developmental process improving from 12 to 30 mermdhage (Kopp, 1982; Piaget, 1952,
1954; Vaughn, Kopp, & Krakow, 1984). For exampl8;ronth-old children cannot resist
the temptation to touch a toy (Kochanska, Coy, &ridy, 2001; Vaughn et al., 1984). In
comparison, 3-year-old children can wait severahutgs for the experimenter to return
before opening a gift box (Vaughn et al., 1984).eWlgiven a choice between an immediate
sweet or a bigger but delayed one, children agéddss 2 and 5 years can wait for 2 to 15
min (Eigsti et al., 2006; Kochanska et al., 200isd¥iel, Shoda, & Rodriguez, 1989; Peake,
Hebl, & Mischel, 2002; Vaughn et al., 1984). Thugen giving or sharing, self-control
should only be problematic for children aged belbyears.

Understanding that another person can help theobtain more and maximize benefits
has not been thoroughly investigated in childreen-the second year of life, children start
understanding and sharing other’s goals and agian in cooperative games, and become
able to reverse roles with an adult partner in gammeolving two complementary roles
(Bratman, 1992; Carpenter, Nagell, & Tomasello,&9Bomasello, 2007; Tomasello et al.,
2005; Warneken, Chen, & Tomasello, 2006). From&gechildren appear able to share toys
with a peer as a mean to resolve conflict overtdlys’ possession (Caplan, Vespo, Pedersen,
& Hay, 1991; Hay, Caplan, Castle, & Stimson, 1998)s they initiate a gift with a positive
social outcome in mind. From 3 to 4 years, they also anticipate potential defection from
partners (Clément, Koenig, & Harris, 2004; Pasqu@orriveau, Koenig, & Harris, 2007).
When confronted to informants who differ by thevél of reliability, children this age select
the partner having given the more accurate infaonah the past (Birch, Vauthier, & Bloom,
2008; Corriveau & Harris, 2009; Jaswal & Neely, 808cofield & Behrend, 2008). This is
consistent with the fact that, by the age of 4|drhn typically see others as mental agents
possessing beliefs and thoughts different fronrtben (Gopnik & Astington, 1988; Perner,
1991; Sullivan & Winner, 1993; Tomasello & Rakoc2903; Wellman, 1990).

Seeing others as potential partners and controtlimgjs own impulsivity according to the
value of a potential return is bound to improvengigantly over the development of children
(Tomasello et al., 2005; Warneken & Tomasello, 30@7is likely that these skills support
the way children learn to give and exchange. Weestigated how early children could
recognize the possibility to gain more in a tratisacresembling an economic context. We
involved children aged between 14 and 60 monthes bartering task to test their capacity to
give an object to an adult (Step 1), then to exghamme object for a food reward (Step 2), a
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low-value food reward for a food of better qualiBtep 3), and a high-value food reward for
more of the same (Step 4). By increasing the diffycfrom one step to another, we aimed at
detecting possible age-related variations in thiopmances of children.

Methods
Participants and Experimental design

The experiment took place at the Living Links tonkan Evolution’ Research Centre in
Edinburgh Zoo. Ethical authorization to work withildren was given by the University of St
Andrews ethics committee, UTREC (reference n°PSh32ildren were recruited upon their
visit to the ‘Living Links’ Centre. A letter and anformation sheet describing the general
purpose of the study were given to the parents gdwe signed consent for their children’s
participation. Participants were 210 children (b@fs, 105 girls) between the ages of 14 and
60 months. Table 1 summarizes the characteristichitwren. This sample was divided on
the basis of age into three age groups aged 12&82 and 43-60 months. Given that the
second year life is crucial in the development ofrative skills, we performed further
analyses on the youngest age group, dividing @ thtee smaller sub-groups (14-17, 18-21,
and 22-25 months). Note that seven additional cdrldvhose parents had given consent were
tested but excluded from the dataset analyzedfosibeing outside of the appropriate age
ranges, and one for not paying attention to thés.td3articipants were Europeans from
middle-class backgrounds with English as theit famguage. No financial remuneration was
offered, but children kept the sweets they wonrauthe testing session.

Tests were conducted in a small, quiet and deabnatem (3.5 x 2 m). Children were
tested individually while seated on a chair, ottloeir parent's lap in front of rectangular table
(1.2 x 0.6 m). A video camera recorded the sessiber parental written consent. The
apparatus consisted of six bottle caps and threesbgplit into compartments containing
sweets.

Table 1. Characteristics of children. Children weredivided into three age groups age
14-25, 26-42 and 480 months. For some analyses, the youngest age grouas divided
into three sub-groups (14-17, 18-21, and 22-25 mdis).

N Birth order

Age (months) Sex Sibling status

First Middle Later Twin

Range Mean Male Female Sibling(s) No sibling born born  born

90 14-25 195 45 45 35 55 S 0 30 O
91 26-42 339 46 45 56 35 11 S 32 8
29 43-60 54.8 14 15 21 8 16 2 3 0
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30 14-17 155 15 15 9 21 0 0 9 0

30 18-21 196 15 15 12 18 1 0 11 0
30 22-25 234 15 15 14 16 4 0 10 0
Procedure

A session lasted approximately 20 minutes. The rxgater was unfamiliar to the children.
Before testing the experimenter introduced hergethe child to put them at their ease. We
recorded whether s/he had siblings and their avéleirth (firstborn, middle born, later born,
twin). Only mother or father was allowed to stayhwihe child during testing. Parents were
instructed not to interfere by initiating commurtioa or interactions during testing. If a child
sought interaction with parents, parents were asiettaw the child’s attention back to the
experimenter without directing her/his responsegive any hints of what s/he was supposed
to do. If the child wanted to interact with the esmenter, she repeated the instructions and
encouraged her/him to redirect her/his attentiorthi® task. During testing children were
seated on a chair across from the experimenteh Emt session was subdivided into four
increasingly difficult steps testing the childremlevelopment of gift (Step 1), and exchange
(Steps 2, 3 and 4) as follows.

Step 1 Six consecutive trials were conducted in thip stéhe first trial began when six plastic
bottle caps were given by the experimenter to thiel:cthe caps were placed on the surface of
the table in front of the child. At the first trile experimenter pointed to the bottle caps, held
out a hand, palm open, in front of the child, aa@l SOh look | just put this here! Now can
you give one back to me?” Then, if the child did give an object after 5 s she repeated the
verbal and gestural request “Oh come on! Try teegme to me”. The experimenter could
attempt gaining the child's attention by calling/his name. If nothing happened after 5 s, the
experimenter asked the parent to replace her. Hnenp repeated the same gesture and
instruction as the experimenter. If the child dat give an object, the trial ended. Then the
experimenter asked “Do you want to try again?” befstarting another trial. If the parent’s
assistance was required at the first trial, thet meals were run with the parent only. The
experimenter maintained a friendly demeanor througtdemonstrations. Every time the
child gave an object to the experimenter, she dedap thanking the child, and placing it on
the table directly in front of her saying “Good, liv@one!” At the end of the series of six
trials, the experimenter said “OK for this gamelaTwas very nice. Let's play another game
now!”

Step 2Whatever the success at Step 1, all children wested at Step 2 where they were
invited to exchange an object to receive a valualdible reward, one sweet. Before testing
children were given a choice between different $makets (Smarti€s Skittle®, Dragibu$§),

Cheerio$). Each child was asked to indicate a preferenceither the object or the preferred
sweet; every child selected the sweet. The childl Wkl that for this game, the experimenter

- 49 -



needed a small box placed on the table directlyant of her. A demonstration was carried
out prior to the trials to inform the child of tlexchange potential in this new context. One
bottle cap was placed in front of the child who vaaked to give it back. If the child returned
it, the experimenter uncovered a sweet from the fdaged on the table and handed it to the
child saying “Oh thank you! Here is a sweet. Do yaant to try again?” If the child refused
to give the object after 10 s, the experimenteredsthe parent to demonstrate what was
required. The experimenter then proceeded to cauty three consecutive trials. She
uncovered the next potential sweet in the box arcpe bottle cap on the table, inviting the
child to exchange it for the sweet. If the child diot exchange the object after approximately
10 s she repeated the request. If nothing happafitexd10 s, the parent was asked to play the
experimenter’s role. If the child did not excharige object with the parent, the trial ended,
and a new trial started. If the parent’s assistdraz been required at the first trial, the next
trials were run with the parent only. Every timee tbhild exchanged the bottle cap, the
experimenter rewarded him/her with the sweet. Tt could consume or kept the sweet
s/he had obtained; s/he was given a plastic bagwte sweets after the first trial. If the child
was successful in at least two trials out of thtke,experimenter proceeded to the next step.
If not, testing ended without running the followistgps.

Step 3Each participant was first asked to indicate dgvemce for either a digestive biscuit of
dimension 1 x 1 x 0.5 cm, or a sweet; every chdttcted the sweet. Then, the child was
given the low-value food item (the piece of bispaihd was invited to return it to obtain the
higher-value food (the sweet). Three consecutradstivere conducted. If the child consumed
the piece of biscuit the trial ended. Then the erpenter asked “All right, if you want to
keep it, that's OK. Do you want to try again?”, dwef starting another trialf the child
exchanged successfully in at least two trials duthcee, s/he was tested in Step 4. If not,
testing ended without running the following step.

Step 4Step 4 involved quantitative exchanges inviting thild to exchange one highly
valuable sweet for four of the same value, thuslgyaing the attained value. The procedure
was identical to the one used in Step 3.

Statistical analysis

The results were analyzed separately for Stepff),(gnd for Steps 2, 3 and 4 (exchange).
Data were analyzed in R 2.9.0 (The R Foundatiorstatistical Computing, Vienna, Austria).

For analyses, we considered separately the resulthildren tested with the unfamiliar
partner, i.e. the experimenter, from those of chitdtested with their parents. In each case,
we used a generalized linear model, specificallygistic regression model, with a binomial
or Poisson distribution and a logit or log link @tion to assess whether the variables of age,
sex (1 for boys and 0 for girls), siblings (1 fdvildren with siblings and O for only children)
and order of birth (1 for firstborn, 2 for middleodm, 3 for later born and 4 for twins)
influenced the mean number of gifts and the maxiexahange step reached by children.
Since not all children reached the last steps, ategorized levels of performance to compare
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their ability to exchange; children obtained scaesording to their success: they received a
score of 1 when succeeding at Step 2, a scorewlieh succeeding in exchanging on a
qualitative basis at Step 3, and a score of 3 vluegeeding in exchanging on a quantitative
basis at Step 4. Tukey's HSD tests were used $tingethe significance of the pair-wise
comparisons. Whenever the youngest age group (I#etghs) significantly differed from
the others, we splitted it into three sub-groupd-1Z, 18-21, and 22-25 months) and
conducted additional analysis to detect potentedetbpmental effects. Average values are
given as means and standard error of the mearsighdicance level was set as 0.05.

Results

By experimental design, children who refused toagjegin giving and exchanging with the
unfamiliar partner were tested with their pare@serall, 72.0% of the children accepted to
interact directly with the unfamiliar experiment@8.0% chose to interact with the parent.
The younger the children, the less frequently tiveye able to give at Step 1 and exchange at
Steps 2, 3 or 4 with the experimenter (GLM, gift: 71.9,p < .001; exchange: z = 289 <
.001).

Performances of children tested with the experigrent

At Step 1 the meanumber of objects given differed between the tlage groups (GLM, z =
51.2, p <.001), with children aged 14 to 25 morgivng significantly less objects than the
older two age groups (mean number of gifts + SD7=450.2 vs. m = 6.0 = 0; Tukey's tept:

< .001 for all comparisons). To look in more detat the younger age group response, we
divided it into sub-groups (14-17, 18-21, 22-25 mha). Comparing the three sub-groups
yielded statistically significant differences (GL¥ = 32.7, p <.001) with children aged 14 to
17 months giving significantly less objects (m + SB.5 = 0.2) than 18-21 and 22-25 months
(m+ SD =5.8 + 0.1 and 6.0 = 0, respectively, Tyidest:p < .001 for all comparisons;
Figure 1). Despite lower performances in 14-25 mgnsuccess in giving was observed from
as early as 14 months of age and 91% of theserehildere able to give at least one object.
Four children never gave any object; they all bgémhto the 14-25 months age group. At
Step 2, however, 100% of the children acceptedetarm at least one object, and 98.9%
exchanged all three objects to get the high-vakeesin return.
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Figure 1. Mean number of gifts for children testedwith the experimenter.

Success in qualitative (Step 3) and quantitativel fexchanges (Step 4) was observed from
15 and 16 months of age, respectively. Only 14.7%he children (thirteen 14-25 months
old) did not reach the exchange criterion to beéetbat Step 4. Comparing the exchange
performance index at Steps 2 to 4 between therdiffeage groups yielded significant
differences (GLM, z = 3.1p < .001) with children aged 14 to 25 months reagHower
performances (exchange performance index £ SD € 2.4.06) than those from the two
older age groups (index = 2.99 + 0.01; Tukey's, test .001 for both comparisons). To look
in more details at this younger age group, we édid into sub-groups. Comparing the three
sub-groups yielded statistically significant difaces (GLM, z = 3.7, p < .001), with children
aged 14-17 months (index = 1.83 £ 0.09; Tukey's tes .001) and 18-21 months (index =
2.71 £ 0.05, Tukey's tegt < .01) reaching lower performances than childrgeda22 to 25
months (index = 2.95 * 0.04). It may be noted ttaSteps 3 and 4, twelve children aged
between 17 and 25 months were seen to put thealintem into their mouth before
exchanging it. Nine children aged from 20 to 31 thenhesitated before either eating or
giving back a food item.

Children with one or more siblings reached highenfgrmances than only children (index
=2.97 £0.03 vs. 2.42 £ 0.13; GLM, z = 3@« .001) at the exchanging Steps 2 to 4. We did
not find, however, an effect of the order of bi(LM, z = 3.2, p = 0.82). Also, girls aged
between 14 and 25 months with siblings were mdaylito reach more difficult steps than
only children of the same age regardless of ge(gter*age*sibling interaction: GLM, z =
2.2,p < .01; Figure 2). Note that all tested twins (&gabelonged to the 26-42 months age
group and were tested with the experimenter. Alifnowe could not test it, no differences
appeared in their performances compared to othaldren of the same age group (mean
number of gifts + SD = 6.0 + 0 vs. 5.82 + 0.14; leaaege index = 2.75 £ 0.23 vs. 2.98 £ 0.01).
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Figure 2. Influence of age, sex and siblings on thexchange performance index of
children tested with the experimenter. Ages are gan in months.

Performances of children tested with the parent

At Step 1, the meanumber of objects given did not differ between theee age groups
(GLM, z =50.1, p = .07). Comparing the exchangdgsmance index at Steps 2 to 4 between
the different age groups yielded significant diéfieces (GLM, z = 4.4 < .01). Children aged
14 to 25 months reached lower performances (exehaegormance index + SD = 1.80 +
0.07) than those from the two older age groupsefinel 2.70 + 0.04; Tukey’s tegi,< .01 for
both comparisons). To look in more details at jlianger age group, we divided it into sub-
groups. Comparing the three sub-groups yieldedsstatly significant differences (GLM, z

= 4.7, p < .01), with children aged 14 to 17 monteching lower performances than 22-25
months (index = 1.50 £ 0.08 vs. 2.00 = 0.05; Tukégstp < .01).

Children with one or more siblings gave more olgehan only children at the giving Step
1(m=51+£05vs.44+0.2;, GLM, z = 49iB< .01). They also reached higher exchange
performances than only children at the exchangps2eo 4 (index = 2.05 + 0.08 vs. 1.78 +
0.11; GLM, z = 3.4p < .05). We did not find any significant effect thfe order of birth
(GLM, gift: z = 4.6, p = 0.67; exchange: z = 3.4 0.71), nor gender (GLM, qift: z=43.4, p
=0.31; exchange: z = 2.9, p = 0.22).

Discussion

Most children, even the youngest, could give olj@ttresponse to gestural requests. Refusal
to give for no reward was mainly seen in youngeildobn. All children succeeded in
exchanging an object for a sweet at Step 2. Addifieulty increased from Steps 3 to 4,
children performances decreased. From 15 monthijrem could succeed in qualitative
exchanges, but success in quantitative exchangesetaobserved before 16 months of age.
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Children’s performances significantly increasednwage, especially after 18 months for the
giving step, and after 22 months for the excharggegs. When focusing on children tested
with the experimenter, we found that children wsiblings gave more and reached higher
levels of performances in exchanges. In additio#;23 years old girls with siblings
succeeded in more difficult steps when exchandnag tany other children of the same age.
For children tested with their parents, we foundlabal effect of sibling on giving and
exchanging performances.

The observation that almost all children acceptedite at least one object following the
adult pleading gesture is consistent with previltesature on giving and sharing in children
aged 14 months or less (Hay et al., 1991; Rheingoldl., 1976). Younger children were,
however, less prone to give than older childremdy be due to strong differences in children
social experience (Hay & Murray, 1982), includindueation from parents about sharing
(West & Rheingold, 1978). Parents often encourdgklren to help others, and thank or
praise them when they perform their first commuiiveamotions (Warneken et al., 2006;
West & Rheingold, 1978). This encouragement tonlgamosocial norms probably play a
considerable part in the children's degree of pnégdy boosting the accomplishment of
giving gestures. A second possibility is that ctald exhibited shyness (i.e. behavioral
inhibition in unfamiliar social situations; Lear§986) that is known to be stronger in young
children (Crozier, 2000). The novelty of the expental set-up and the unfamiliarity of the
partner may have caused a feeling of awkwardnesksoomfort in younger children, who
either refused to be tested with the experimeriem@ more at ease with their parents) or
were less prone to give when tested with the erparter compared to older children. Indeed,
we found no age effect in giving in the childrestésl with their parents, when all children
where at ease. Still, in the first giving stepsthater group did show a sibling effect that
suggests that having siblings improves the capaoitgope with a novel situation in shy
children. Several studies have already demonstthtddhe presence of siblings in the family
encourages cooperation rather than competitiongahdnces skills in persistence (Jiao, Ji, &
Jing, 1986; Miller & Maruyama, 1976). Early exp@eeng in sharing with siblings may help
children counterbalance the shyness exhibited fanifiar social contexts.

All children successfully exchanged at least onealdor a sweet at Step 2. Interestingly,
children who refused to give any object at Stegdepted to exchange one object or more
when offered one sweet in return. This result satgghat refusing to give was the outcome
of a choice rather than a failure to understandréig@est. From 2 years of age, children can
use sharing to resolve conflict over toys (Capliaal.e 1991; Hay et al., 1991). In the first ten
years of life, most children learn to identify pog or negative short-term interests such as
« If you want a dessert, eat your vegetables x lbiyou behave well, you will have a toy »
(Smetana, 1999). Here, children who initially refdido give an object for nothing were all
capable to reevaluate their decision when theydcobtain a treat in return. Thus, they could
take their own interest into account and maximiesrtgains from as early as 14 months of
age. Despite the main observation that most childee/e freely, this anecdotal result points
at the potential for selfish motives early in life.
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When looking at transactions that involved exchaggine valued food for another, thus
requiring some impulsivity control, performancesregased with age. Fourteen-month-old
children failed to maximize their benefit in botlualtative and quantitative exchanges.
Former studies have shown that children this ageridninate small quantities from 10
months (Cooper, 1984; Feigenson & Carey, 2000; aoph Adams, 1987; Strauss & Curtis,
1984), making it unlikely that failure to exchangee sweet for four in quantitative
exchanges was due to a lack of quantity discrinonatAn improved self-control, that is
known to emerge between 12 and 18 months and idlyamprove between 24 and 30
months of age (Kopp, 1982; Logue, Forzano, & Ackamml996; Mischel & Mischel, 1983;
Piaget, 1952, 1954; Vaughn et al., 1984), may pi@wa better explanation. The difficulty of
some children aged 17 to 31 months to return acirgdible item (putting it in their mouth
first or showing hesitation before either eatinggaving back the food) perfectly fit with the
stages of this development. We cannot excludedhidren’s performances in quantitative
exchanges may have benefited from their experiefcpialitative exchanges. Nevertheless,
exchanging one small quantity for another provetiffecult step for the children. The use of
an exchange task here reveals how the developmesaifecontrol abilities in children may
impact their skills in a functionally important salccontext such as bartering.

Previous studies showed that, with age, childrearact more often with adults over a
shared goal (Hay, 1979; Hay & Murray, 1982; Tomlas€l007; Verba, 1994). In addition to
self-control, increasing performances in exchangoen also be related to a better
understanding of the role of the experimenter partner to obtain more. Several studies have
shown that having sibling promotes the developnoértheory-of-mind abilities (Bartsch &
Estes, 1996; Jenkins & Astington, 1996; PernerfrRai, & Leekam, 1994; Ruffman, Perner,
Naito, Parkin, & Clements, 1998). It is likely thegpeated interactions with sibling gives
children more practice in understanding this rélas could explain why children having one
or more siblings performed better in exchangingtblaildren without siblings. Interestingly,
younger girls having siblings performed better atrendifficult steps than other children of
the same age. Observational research from prest¢h@aolescence indicates that girls can
perform better in tasks involving resistance to pg&ation and delay of gratification
(Bjorklund & Kipp, 1996; Silverman, 2003). Togethehaving siblings and resisting
temptation better may have given the youngest @l head start in our study.

The early forms of sharing were found in childres yowung as 14 months but were
increasingly displayed as children grow up, witlh@or shift between 18 and 22 months. The
current findings draw attention to the fact tha thotivations to share as a function of age
relate to several socio-cognitive factors such @&centrol, experience with sibling and
maybe shyness. Our results fit with the findingsotifer authors who concluded that major
changes in socio-cognitive abilities occur at abtime age of two (Eckerman & Peterman,
2001; Tomasello, 2007). Children could freely givighout expectation of return, which was
the main response seen. Whether it was an alttuedponse (Dunn, 1988) or this was due to
a desire to share emotion (Tomasello et al., 2@0%) the adult is not known. Previous work
reported a decrease in sharing as children profigien language improved (Cook, 1977;
Eckerman et al., 1989). Such a decrease was netwauskin our study. Alongside to prosocial
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behaviors, children could from an early age recogineir interest and use others to acquire
more. The social environment seems to play a kéyirohow early children acquire their
economic skills. Further studies should investigte role of social experience in the
development of trading.
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L'A PTITUDE ADIFFERER
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es enfants sont capables d’échanger tres tot ars c®ileur développement. Dés la
L seconde année de vie, ils comprennent que s’engagesrune transaction peut leur étre
bénéfique. 1l est probable que leurs performanceffirent en grandissant et qu’ils
développent des compétences additionnelles leungitant de maximiser leur bénéfice lors
de situations économiques plus complexes. De narmebsetransactions sont en effet plus
exigeantes qu’'un échange immédiat dans le senBestsepposent un délai. Cela est vrai par
exemple pour des investissements a long terme s@dwanges de services qui peuvent étre
différés sur de longues périodes. Le contrfle deesbnécessaire pour vivre en sociéte, il
procure aussi le temps nécessaire a la prise dsiaeéet a l'attente d'un bénéfice. La
présente étude a eu pour objectif d’évaluer la dépales enfants a s’engager dans une
transaction offrant un profit différé dans le tem@®i cherché a déterminer a quel age les
enfants peuvent intégrer le temps d’attente etrotamt leur impulsivité en fonction de la
valeur de la récompense espérée : leurs perforrmanoat-elles proportionnelles a la
dimension de la récompense, et le partenaire diggha-t-il une influence sur leur décision?

J'ai testé des enfants agés de 2 a 4 ans danst@lewes d’échange de nourriture. Les
enfants recevaient un petit morceau de biscuif fsiiavaient 'opportunité d’attendre durant
une période de temps déterminée avant de I'échaogerune plus grande quantité de biscuit
qui pouvait étre égale a deux, quatre, ou huitleoiguantité du premier item. Le délai imposé
entre le don du petit morceau de biscuit et leurette la récompense variait de 5 s a 4 mn.
Les enfants agés de 3-4 ans ont soutenu des d&#msnte plus longs pour les récompenses
les plus importantes (8 fois la quantité de [litemitial), comparé aux plus petites
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récompenses (2 et 4 fois la quantité). Un tel effefa quantité n’a pas été mis en évidence
chez les 2 ans. Dans le but de déterminer le d&aimal pouvant étre toléré par les enfants,
je leur ai ensuite proposé d’'attendre entre 4 anit6afin d’obtenir une récompense égale a
guarante fois la quantité du premier item. Touselgfsnts ont augmenté leur temps d’attente
lorsque la récompense proposée était 40 fois pipsitante que l'item initial. Certains 2 ans
(deux enfants sur 24) ont été capables de tol@sddlais allant jusque 16 min mais ce sont
surtout les enfants plus agés qui se sont avérés performants. L'analyse du temps de
renoncement a permis de montrer que les enfanss ggé@s prenaient leurs décisions plus
rapidement, indiquant une anticipation de la dafééente et la prise en compte de la valeur
des récompenses dans leur prise de décision. IRarsi des stratégies de distraction ont été
observées durant l'attente chez les enfants plés. dgsemblerait enfin que la présence du
partenaire ait un impact positif en augmentanol@rance a I'attente.

De jeunes enfants se montrent capables de difi@retour d’'une récompense alimentaire
pendant plusieurs minutes. L’augmentation des padaces en fonction de I'age est en
accord avec le développement de I'aptitude a ctanttéur impulsivité et a évaluer le temps
d’attente en fonction de la valeur de la récompebBss stratégies d’attente plus efficaces
pourraient également expliquer cette amélioratidmirés jeunes enfants ont su contrbler leur
impulsivité malgré leur difficulté a faire face aeu perspective temporelle imprécise ; il
semble donc que le contrdle de soi soit maitriségsaenfants avant méme qu’ils integrent la
dimension temporelle de la tache. Malgré I'effetl'dge, je n’'ai pas pu établir ici la limite
maximale de la durée d'attente, ce qui révele thefant des capacités meilleures que celles
de primates non humains testés dans la méme tache.
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Abstract

The ability to wait for a reward is a necessaryacaty for economic transactions. This study
Is an age-related investigation of children’s &pito delay gratification in an exchange task
requiring them to wait for a significant reward. Wave 252 children aged 2 to 4 a small
piece of cookie, then offered them an opporturatyviait for a predetermined delay period
before exchanging it for a larger one. In a firgberiment, the children had to exchange the
initial food item for rewards two, four or eightrtes larger. Results showed that children aged
3 to 4 years old sustained longer time lags faydarewards than for smaller rewards. This
effect was not found in 2-year-old subjects. Ireeofid experiment, a reward 40 times larger
than the initial piece was offered to determine reximum waiting time that children could
sustain. All age groups increased their performsnGéder children were more successful at
waiting, but some children as young as 2 yearswate able to tolerate delays of up to 16
min. Older children who chose to give up waitingrliea than their known capacity
demonstrated anticipation skills which had not bseen in younger children, showing that
they had anticipated an increase in the time lag,that they had considered both time and
reward value when making their decision. Despite dge effect, we did not establish any
limits for delaying gratification in children. Thiudy may have educational implications for
dealing with behavioral misconduct, which is knotenbe related to impulsivity control in
young children.

Keywords:Decision-making; Delay of gratification; Exchan@gasonomics; Children
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1. Introduction

The ability to control impulsive behaviors is anpontant feature of culturally suitable
conduct, and is necessary for societies to fundiiaecessfully. How individuals exert self-
regulation clearly depends on their ability to ¢ohtheir behavior in order to obtain a given
reward at some time in the future. In everyday, Iltfee ability to delay benefits can help
individuals make optimal decisions when facing aich. The decision to wait or persevere
when facing a delay is often oriented by futureiests that guide decisions (Kacelnik, 2003;
Mischel, 1974). This is particularly true for ecoma transactions in which individuals can
wait months to obtain larger monetary rewards (ButnSpritz, & Stifter, 2002; Rachlin,
Raineri, & Cross, 1991; Tobin & Logue, 1994). Swdmtrol over impulsivity makes human
adults stand out compared to non-human animals ugodPeiia-Correal, Rodriguez, &
Kabela, 1986; Tobin, Logue, Chelonis, AckermannM&y, 1996) in which self-control is
often shown to be limited (Mazur, 1987; Richardstchkell, de Wit, & Seiden, 1997; Stevens,
Hallinan, & Hauser, 2005; Szalda-Petree, Craft,tMa& Deditius-Island, 2004; Tobin et al.,
1996). In humans, failure to control impulsivityshbeen related to numerous behavioral
problems, including substance abuse (Madden, PBaglger, & Bickel, 1997), risky sexual
behavior (Wulfert, Safren, Brown, & Wan, 1999), egggion and violence (Baumeister,
Heatherton, & Tice, 1994; Cherek, Moeller, Dougheft Rhoades, 1997; Mischel, Shoda, &
Rodriguez, 1989). This suggests that limited sefftml may be at the core of problems
affecting social relationships. The ability to urstand how far patience can be rewarded
probably involves slow maturing cognitive skillsathmay be critical for our acquisition of
economic behaviors. However, information aboutdbgelopmental stages involved in this
maturation process is scant. More specifically,deenot know to what extent children take
into account time and control over impulsivity whewaluating whether a reward is worth
waiting for or not.

In economics, the ability of adult humans to waituisually tested under conditions in
which participants can either consume immediatelglelay consumption in order to have
larger amounts (discounting). Economics usuallysater that time preference is related to
how large a reward is, and whether it is close ghano time to bring more well-being than a
more distant gratification. The size of this rewadn important question with regard to the
time value of money (Ramsey, 1928). For exampleenwaiting time increases over several
days or weeks for a mildly interesting reward, #&laind adolescents chose more immediate
rewards (Hyten, Madden, & Field, 1994; Mischel & tleer, 1962Strayhorn, 2002; Wulfert,
Block, Santa-Ana, Rodriguez, & Colsman, 2002). mother version of this delayed choice
task, 5-year-old children can wait for several n@suwhen the options are to either receive
one sticker immediately or two stickers at the ehthe game. Three-year-old children chose
the immediate reward whatever the delay (ThompBamresi, & Moore, 1997) although at
this age they can wait several minutes for the exymter to return before opening a gift box
(Vaughn, Kopp, & Krakow, 1984). In comparison, 18&mth-old children cannot resist the
temptation to touch a toy (Kochanska, Coy, & Murra901; Vaughn et al., 1984). Several
studies have identified a limited self-control @bilin younger children that hinders their
capacities to succeed in delaying gratificationsnt€xtual factors affect the willingness or
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capacity to wait in children (Forzano & Logue, 1984&schel, 1974). Children accept longer
delays if the reward is not visible (Eigsti et &006; Kochanska et al., 2001; Mischel et al.,
1989; Peake, Hebl, & Mischel, 2002; Vaughn etE#84), when they are instructed to think
about the properties of the delayed reward as seddsie item or in a negative way (Metcalfe
& Mischel, 1999; Mischel, Cantor, & Feldman, 1994jschel et al., 1989; Patterson &
Mischel, 1976; Toner, Lewis, & Gribble, 1979), whémey verbalize about rightness or
wrongness of actions (Toner & Smith, 1977; Tonerlet 1979), and when they distract
themselves or are provided with distraction durihg delay (Cournoyer & Trudel, 1991,
Miller & Karniol, 1976; Mischel, 1974; Mischel & Hiesen, 1970; Mischel, Ebbesen, &
Zeiss, 1972; O’leary, 1968; Toner & Smith, 1977hu$, when children are given adequate
means to refrain from impulsivity, their performasdn such tasks increase. Similar findings
on the ability to direct attention away from théageare obtained in non-human primates (i.e.
self-distracting strategies in chimpanzees; EvanBetan, 2007). Moreover, although they
tend to have poor control over impulsivity in cliasgasks involving delay of gratification,
they are able to accept longer waits in food exgbhaparadigms (Dufour, Pelé, Sterck, &
Thierry, 2007; Pelé, Dufour, Micheletta, & Thierry, 201Bglé, Micheletta, Uhlrich, Thierry,
& Dufour, 2011;Ramseyer, Pelé, Dufour, Chauvin, & Thierry, 20()ch means could be
necessary to improve the quality of their decisiora trading situation, especially for the
youngest children, whose self-control and antiegmatabilities are not yet fully matured
(Logue & Chavarro, 1992; Logue, Forzano, & AckermE®06; Vaughn et al1984).

In addition to self-control, children probably alseed cognitive maturation to accurately
calculate the relative value of the food to be wi®d according to the time needed to obtain
it. Children are known to differentiate betweenegaV foods of different values from their
first year of life; they can make ‘more’ and ‘les&llue judgments about discrete quantities
(Brannon, 2002; Butterworth, 2005; Feigenson, Deba& Spelke, 2004; Feigenson, Spelke,
& Carey, 2002; Lipton & Spelke, 2004; Xu, 2003). tiiregard to time understanding,
children’s skills develop slowly with age (AtanceMeltzoff, 2005). At the age of 3, children
understand the duration of their personal expeegn@®roit-Volet, 1999; Droit-Volet &
Gautier, 2000), but they are still unable to viszeah temporal distance between two events in
which they are not involved (Droit, 1995a,b; Dréitlet, 1999; Macar, 1988). It is only from
around the age of 4 or 5 that they can temporaffgréntiate between future events, and
accurately discriminate temporal distance of pashts (Atance & O’Neill, 2001; Friedman,
2000, 2005; Friedman & Kemp, 1998). Judging whetranot a reward is worth waiting for
could therefore be a difficult task for children.

As seen in human adults, common economic situatiftes involve an active partner and
mutual agreements. On the one hand, implicit otieikpgreements may lead each partner to
assume that the other side will be trustworthy.tmother hand, one might be wary of the
behavior displayed by a non-familiar partner. Ieypous delay-of-gratification tasks run with
children, the potential influence of the experingendn children’s decision to wait is often
removed, and children are left alone in the testaam (Mischel, 1974; Mischel et al., 1989).
Yet the presence of a partner could mimic the $amanponent usually involved in an
economic transaction. The involvement of the parinethe task, however neutral, could
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make the conclusion of the transaction less cedathlead children to avoid the risk of losing
what they have already obtained. Decision-makingface-to-face transactions requires
children to detect the partner’s reliability by iaigating potential cheating. Whilst children
are able to understand both the goals and intendrothers develops during the two first
years of life (Eckerman, Whatley, & Kutz, 1975; Tasello, 2007; Tomasello, Carpenter,
Call, Behne, & Moll, 2005; Warneken & Tomasello,0ZQ0 Warneken, Chen, & Tomasello,
2006), they may not recognize untrustworthy or disdst partners before the age of 4, where
they start to see others as mental agents posgdsdiefs and thoughts different from their
own (Gopnik & Astington, 1988; Perner, 1991; Swliv& Winner, 1993; Tomasello &
Rakoczy, 2003; Wellman, 1990).

In this paper we tested children in a delayed fexchange task in order to detect the full
extent of children’s ability to wait for a rewardnd the influence of the partner in this
process. We expected age-related performances diageon how children perceive the
presence of partner and calculate whether a revwgandorth waiting for. Data acquired
through the use of this experiment with non-humamates (Dufour et al., 2007; Pelé et al.,
2010, 2011) may allow us to highlight the constiaiaxperienced by children, and their
relative scores compared to animals. The task stansf giving children aged between 2 and
5 years a small initial food item, then offeringeth the opportunity to wait for a
predetermined time lag to receive larger rewamishé first experiment, children can return a
small piece of cookie to an adult to receive anoteeard differing in quantity. In a second
experiment, a reward 40 times the quantity of tm&al piece is offered to determine the
maximum sustainable time lag for children.

2. Methods
2.1. Participants and conditions

Participants were 252 children (126 males and &2afes) aged between 2 and 5 years.
Table 1 summarizes the children’s characteristittgual numbers of girls and boys were
separated into three age groups for tests: 2, 3lamehrs old. Five additional children whose
parents had given consent were excluded from tkesefanalyzed: three were outside the
appropriate age ranges, and two failed the traipiragedure (see Exchange procedure for
details). Participants were European, from midddess backgrounds, and spoke English as
their first language. Eleven children had alreadytipipated in previous experiments and
were familiar with the exchange procedure (Stedlaraerry, Whiten, Broihanne, & Dufour,
submitted).
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Table 1. Characteristics of children in Experimentsl and 2

Age Sex Sibling status
S%er) I(\Ar:(?r:lhs) Male Female Sibling(s) No sibling
Experiment1l 60 2 28.9 30 30 32 28
N =180 60 3 41.1 30 30 40 20
60 4 53.5 30 30 39 21
Experiment2 24 2 28.7 12 12 10 14
N=72 24 3 40.9 12 12 16 8
24 4 52.7 12 12 17 7

The experiment took place at the ‘Living Links tairdan Evolution’ Research Centre in
Edinburgh Zoo. Ethical authorization to work withildren was given by the University of St
Andrews ethics committee, UTREC (reference n°PSh32ildren were recruited upon their
visit to the zoo. A letter and an information sheescribing the general purpose of the study
were given to the parents, who all gave signed exnor their child’s participation. No
remuneration was offered, but children received siveets they gained during the testing
session. Additional information on whether childread siblings or twins was also recorded.

The test was conducted in a small area (2.5 m X) ZAmited by four screens allowing
complete visual seclusion from the public. Theahvias individually tested while seated on a
chair or on his/her parent's lap in front of a squable (1 m x 1 m). Sitting on parent’s laps
occurred in three 2-year-olds. A video camera m@@bithe session with prior written consent
to video the child.

2.2. Exchange Procedure

The children did not know the experimenter. Beftagting, the experimenter introduced
herself to the child to put them at ease. Pareet® wistructed not to interfere by initiating
communication or interactions during testing. Ptremere instructed to draw the child’s
attention back to the experimenter if their chibdight to interact with them, without directing
her/his response or give any hints of what s/he suggposed to do. Parents were careful to
apply these directives by staying motionless thhoug the session, making experimental
conditions similar between children tested alond @nose sat on parent’s laps. If the child
wanted to interact with the experimenter, the tattpeated the instructions but remained as
neutral as possible. Children sat on a chair oppdise experimenter during testing.
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The experiment lasted approximately 20 minutes.oietesting, each participant was
asked to select a preferred food item among diitetgpes of cereals (“cookies” in the
following). The child was then given the choicevbetn a small piece of the preferred cookie
and a larger piece of it (the reward). Each chdlsted the larger reward. During testing, an
empty plastic box, turned upside down, was pladeskecto the child and was left untouched
throughout the waiting period. For each trial, thgperimenter presented the initial piece of
cookie in one hand and the larger reward in therothhe experimenter then gave the small
piece of cookie to the child and offered him/hgvassibility to acquire more: “You can eat
the small cookie now, or you can wait a while ted¢éhe larger reward. If you put the piece
of cookie into the box when | turn it over, | wiive you the larger reward”. The larger
reward remained visible in the experimenter’s h@mdughout the time lag. At the end of the
waiting period, the experimenter turned the empaty bver, still presenting the reward in the
other hand. If the child gave back the small pieteookie by putting it into the box, s/he
received the larger reward. If the child did nategback the initial piece at the end of the time
lag, the experimenter did not reward the child amoved away the hand containing the
reward, thereby ending the trid/henever children nibbled or ate before the entheftime
lag or refused to give the cookie back at the dnthetime lag, the experimenter moved the
hand holding the larger reward away, saying “OKy yan eat/keep the piece of cookie. If
you had given me the piece of cookie, you wouldeh&ad the larger reward, do you
remember?” Children who had not eaten the cookitéyend of the trial were given a plastic
bag to store the cookies they had obtained betarérgy a new trial. Trials were separated by
10 sec intervals. The experimenter maintained @ndily demeanor throughout the trial
intervals but remained as neutral as possible duhia waiting period of the tests.

Prior to testing, the experimenter completed a detration of the procedure with a 5-sec
time lag (for a reward twice the quantity of thdial item) as she gave the instructions. The
child was then tested over the 5-sec time laghéf ¢hild did not return the piece of cookie
after the elapsed time, s/he was tested once r@ti&lren who failed again were not tested
further. Only two children of 2 years of age weresuccessful with the 5-sec time lag, and
were henceforth removed from the dataset. The athd#dren who met this criterion were
then involved in a succession of trials, with titag ranging from 15 sec to 16 min depending
on the experiment. Throughout the experiments drenpr did not ask direct questions after
each trial about the children’s understanding @& téisk or their perception of the waiting
duration, as this could have biased the childrezsponses in subsequent trials. The
involvement of 2-year-old children also meant finatructions had to be kept to a minimum.

2.3. Procedure for Experiment 1

In Experiment 1 we tested whether the duratiorhefwaiting period sustained by children
would vary according to the value of the food itebming offered. For each trial, the
experimenter presented the initial piece of coakiene hand and two, four or eight pieces of
cookies in the other (the reward). After the 54e® lag demonstration, children took part in
a succession of five trials with a time lag thatreased gradually from one trial to the next:
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15 sec, 30 sec, 1 min, 2 min, and 4 min. We reabtle failure to return the initial piece of
cookie, the type of error, the timing of error (@melapsed after the beginning of the trial in
seconds). The children’s behavior during the wgiperiod was also noted.

2.4. Procedure for Experiment 2

Experiment 2 aimed to assess whether the time lagshed in Experiment 1 were
maximal delays for each age group, or whether gdlcdould sustain longer waiting periods
when increasing the final pay-off had been incrdagildren tested in Experiment 2 were
not the same as children tested in Experiment terAhe 5-sec time-lag demonstration,
children took part in a succession of three tweltéch differed in both the time lag tested and
the quantity of the final reward: 30 sec for foueqes of cookie, 2 min for eight pieces of
cookie, and 4, 8 or 16 min for 40 pieces of cooklhildren were divided into three groups
that were randomly assigned to one of the thregdotime lags. The increased duration of
the time lag was set up in order to give childreohance to anticipate the longer waiting
periods. The procedure was the same as in Expetriinexcept that the 40 pieces of cookie
were placed on a round plastic lid (diameter 10 bei§l in the experimenter’'s hand. As in
Experiment 1, we recorded the success, timing, typerror made by children and their
behavior.

2.5. Statistical analysis

We used generalized linear models with a binomistridution and a logit (respectively
Poisson and log) link function to assess whether agx (1 for boys and 0 for girls), sibling
status (a value 1 was attributed to children withliregs, O to only children), quantity of
cookie and time lag could influence children’s pogity to wait (value 1 for successfully
waiting during the entire duration of the time kiga given trial and then returning the initial
item, O for failure to wait until the end of then lag and eating or keeping the initial item) in
Experiments 1 and 2.

An additional analysis using a generalized lineadet (binomial distribution and a logit
link function) was run on the error time, i.e. tivae at which children gave up waiting in the
failed trials. The reasoning behind the analysis teadetect whether children failed because
they reached a limit in their waiting capacity,b@mcause they judged that waiting for a given
time lag was simply not worth it. We therefore dtet whether the children who were able
to succeed in the 2-min test stopped earlier tham known capacity when giving up during
the next, longer trial (at the 4-min time lag inpgeéximent 1, and at 4-, 8- or 16-min time lag
in Experiment 2). We hypothesized that if they doalhticipate an increase in the time lag at
each trial, i.e. that the next trial should be lenthan the immediately preceding one (2 min),
they could thus stop significantly earlier thanitik@own capacity of 2 min. The analysis was
only conducted for children who had successfullysea the previous trial involving a 2-min
time lag, but who had failed at the next longeretilag. The error time was expressed as the
percentage of time elapsed according to the tiota lag in the trial.
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We used another generalized linear model to determvhether different strategies
adopted by the children helped them succeed atlditge lags. In a first analysis, the value
1 was attributed when children used distractiodit@rt attention from waiting and from the
reward (including touching, playing with, tasting gretending to taste the piece of cookie,
talking with the parent, playing alone), and théuead when they adopted passive waiting
(including holding the piece of cookie during theaiting period, looking elsewhere, or
looking at the piece of cookie, the reward or tlkpezimenter). In a second analysis, we
distinguished each strategy more specifically atiogr to whether they were treat-focused
(looking at or manipulating the piece of cookieluttng touching, playing with it, holding,
tasting or pretending to taste it) or not (lookiagthe experimenter or elsewhere, playing
alone, talking with the parent). When differenttgies were used during the waiting period
we considered the one that lasted the longest dicgpto the total percentage of waiting time.
These analyses were only conducted for trials whkildren waited for a minimum of 3 sec
during the trial.

Average values are given as means and standamdoéritte mean. The significance level
was set as 0.05.
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Fig.1. Percentage of successful children for eaclyain Experiment 1 (all sizes of cookies
combined) at each time lag (from 5 sec to 4 min;fitepanel) and Experiment 2 (when the
reward was 40 times the quantity of the initial iten) at each time lag (from 4 to 16 min;
right panel).
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3. Results
3.1. Percentage of successful return

In Experiment 1, most children were able to delwards at the 15 sec, 30 sec, 1 min, 2
min and 4 min time lags, albeit at lower percensagéh the longer time lags of 2 and 4 min
(Fig. 1). Age (GLM, z = 2.1, p < 0.001), quantiti anokies (GLM, z = 1.5, p < 0.01), and
time lag (GLM, z = 3.5, p < 0.001) affected the =28s of children. Two-year-olds failed
more often in exchanging (percentage of succe %94 than those aged 3 (74.7%, Tukey's
test, p < 0.01) and 4 (89.0%, Tukey's test, p €1D.0Children reached a significantly higher
level of return for the largest cookies than fog #mallest quantity cookies (2-fold quantity:
71.6% success rate; 8-fold quantity: 77.0%; Tuk&sss. p < 0.05). We observed that more
children were successful in exchanging for the &4 me lag (86.5%) than for the 30 sec
(79.2%, Tukey's test, p < 0.01) and longer tima I@dl: 67.3%; Tukey's test, p < 0.001 for all
comparisons). The percentage of children who exgdauthe initial item at 30 sec (79.2%), 1
min (75.8%) and 2 min (68.5%) was significantly reg than those who exchanged at 4 min
(57.6%, Tukey's test, p < 0.001 for all compari3oAdso, children with siblings were more
successful than only children (74.6% vs. 69.2%; GkM 1.7, p < 0.05). For time lags of 1, 2
and 4 min, children aged 3 and 4 years were battexchanging when the largest quantity of
cookie (8-fold) was offered in return (GLM tripleteraction age x quantity x delay, z=1.2, p
< 0.05; Fig. 2). This effect was not observed wiith 2-year-old children (Fig. 2).
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Fig.2. Percentage of successful children aged of(2), 3 (b) and 4 years (c) for each
quantity of cookie (2, 4, and 8 times the quantityf the initial piece of cookie) at each
time lag (from 5 sec to 4 min) in Experiment 1. Eror bars represent standard errors of
the mean.
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To ensure that the reward was attractive enougha# increased in Experiment 2 to 40
times the quantity of the initial piece of cooKighe time lags tested then reached 4, 8 or 16
min. Only 55.6% of children tested successfully te@ifor 16 min. The percentage of
children succeeding for the 4-min time lag increage comparison with Experiment 1,
especially for children aged 2 (Experiment 1 vs. 20.0% vs. 37.5% of success) or 3 (61.7%
vs. 87.5% of success; Fig. 1). Age (GLM, z = 1§.4 0.001) and time lag (GLM, z = 6.0, p
< 0.05) affected the success of children. The pgage of successful children significantly
decreased for the 16-min time lag in comparisorm wie 4-min time lag (41.7% vs. 70.8%,
Tukey’s test, p < 0.05). Failure to exchange wasenfi@gquent in 2-year-olds than in children
aged 4 (25.0% vs. 83.3%, Tukey's test, p < 0.00h)y two 2-year-olds succeeded at 16 min.

3.2. Timing of error

The results showed that the age of children aftetite timing of error in every failed trial
in Experiment 1 (GLM, z = 6.0, p <0.01) and 2 (GL#= 11.5, p < 0.001). Children aged 4
gave up waiting earlier (after 4.2% of the delayxperiment 1, 2.4% in Experiment 2) than
children aged 2 (after 24.4% in Experiment 1, 17i8%xperiment 2, Tukey's test, p < 0.01)
and 3 (after 21.2% in Experiment 1, 52.1% in Expent 2, Tukey’s test, p < 0.001). Figure
3 presents the timing of error in children who sadcessfully waited for at least 2 min but
failed at the next time lag. If children were atdeanticipate that the time lag would increase
at each trial, they may have taken the decisioaittter wait or to give up earlier than their
known capacity (2 min) to wait. This would thenilbgstrated by timing of error well below 2
min. This was observed in Experiments 1 and 2 lier 4-year-old children who gave up
waiting before their 2 min capacity (giving up af29% of the time lag in Experiment 1,
6.2% in Experiment 2). In 2- and 3-year-olds, giviup occurred after the threshold of 2 min
was reached (2 years: after 50.3% of the timenagxperiment 1, 50.2% in Experiment 2; 3
years: after 52.0% of the time lag in Experimeni9.3% in Experiment 2)

To add more information about the decision meclmasisve also recorded whether
children verbalized their choice with sentenceshsas “I wait/l eat it” in response to the
experimenter’s offer (to “either eat the initiaknt immediately, or wait a while to have
more”). When considering the mean of all age graigether, records indicate that 46.0%
and 26.1% verbalized their decision in Experimdngsd 2 respectively. In Experiment 1, 2-
and 3-year-old children verbalized significantlgdeoften than the mean (Binomial test, 2
years: 15.8%, p < 0.001; 3 years: 41.7%, p < OcOhjrary to the 4-year-olds who verbalized
more often (Binomial test, 80.0%, p < 0.001). IrpExment 2, 2-year-old children verbalized
significantly less often than the mean (Binomiaitt8.3%, p < 0.001) contrary to the 3- and
4-year-olds who verbalized more often (Binomial,t&years: 35.0%, p < 0.001; 4 years:
40.0%, p < 0.001).
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Fig.3. Mean error time (expressed as the percentagd time elapsed before giving up
according to the total time in the trial) at each ge in Experiment 1 for 4-min time lag
(all sizes of cookies combined) and Experiment 2 rf@l-, 8- and 16-min time lags. We
considered only children who succeeded in delayirgyatification for 2 min but failed at
the next time lag. The children’s decision to givep earlier than their known capacity to
wait (2 min) is represented by a timing of error béow the limit of 2 min (black bars).
Error bars represent standard errors of the mean.

3.3. Waiting strategies

In Experiment 1, children who distracted themseldesing the waiting period often
exchanged more successfully (percentage of suc@&s3%) than children with a passive
attitude during waiting (24.7%) (GLM, z = 1.6, p0s001). We observed an effect of the
interaction between the age and the strategy ugetliliren on success in both Experiment 1
(GLM, z = 2.0, p<0.01) and 2 (GLM, z = 1.1, p 9D). The older the children were, the
more distractive strategies were used (includinghing, playing with, tasting or pretending
to taste the piece of cookie, talking with the parelaying alone), leading to higher success
rates (mean success for distractive strategies f2ernto 4-year-olds: 46.2% to 75.1% in
Experiment 1, 19.8% to 62.5% in Experiment 2; Big.The results also showed that the “not
treat-focused” strategies improved the successibdren in Experiment 2 compared to the
“treat-focused” strategies (GLM, z = 3.1, p < 0.0Ikhis was more specifically the case for
the strategy “talk with the parent” (percentagewdécess for all ages = 55.2%; Tukey's test, p
< 0.01) and “play alone” (41.7%; Tukey's test, p.€1; Fig. 5).
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Fig.4. Distractive and passive waiting strategies sed in Experiments 1 (all sizes of
cookies and all time lags combined) and 2 (4-, 8nd 16-min time lags combined) at each
age. Trials where children failed by eating the irtial item before 3 s had elapsed were
removed from this analysis. Error bars represent sindard errors of the mean.
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Fig.5. Treat-related strategies in Experiment 2 (dlsizes of cookies and all time lags
combined) at each age. Trials where children failefy eating the initial item before 3 sec
had elapsed were removed from this analysis. Errobars represent standard errors of

the mean.
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4. Discussion

Children aged 3 to 4 years accepted longer time flagthe largest rewards. This quantity
effect was not found in 2-year-old children. Stédl| age groups succeeded more when the
delayed reward was 40 times larger than the initgah. Older children successfully waited
for up to 16 min, and although rarely observed tiwgithis long was also within the reach of
children as young as 2 years old. Older childrewsetto give up waiting earlier than younger
ones, indicating a better anticipation of the iase in the time lag. Contrary to previous
works concerning delay of gratification (see Sitman, 2003), no difference was found
according to sex.

The performances of 2-year-old children in waitiwgre lower whatever the time lag
compared to older age groups, and no improvemestalitained by increasing the quantity
of reward to eight-fold the initial item. It is ukély that these performances were due to a
lack of numerosity discrimination. Before the age ochildren easily differentiate small food
quantities of up to about three items (Butterwor@905; Feigenson et al., 2002), and
recognize larger quantities above four items, &lbeian imprecise way (Brannon, 2002;
Feigenson & Carey, 2000; Feigenson et al., 20084 20ipton & Spelke, 2004; Strauss &
Curtis, 1984; Xu, 2003; Xu & Spelke, 2000). It daa noted that, before testing, all children
selected the largest of two options (one versusragpieces of cookie) when no delay was
involved. Thus, failure in younger children was mite to a lack of preference for larger
rewards, but could rather be explained by a difficto control the impulse to eat the item in
their possession during the waiting period. Onelamngiion is that immaturity in executive
functions including memory, causal reasoning, amdenspecifically inhibition of immediate
choice (Carlson & Moses, 2001), impaired decisiaalidy. Young children generally find it
difficult to resist temptation (Kochanska et aD02; Vaughn et al., 1984). Failure to continue
waiting after several minutes (as mostly observedur study) showed that young children
are capable of controlling themselves to some éxtaut this control is not limitless. A
second possibility in line with cognitive changaghe preschool period (Olson, 1993) is that
younger children lack the capacity to compare thenédiate situation with the possible
future situation. Integrating the temporal elemehtthe task may be difficult as young
children may only have an imprecise understandihgnoe at their disposal compared to
older children (Lemmon & Moore, 2001). Two-year-akildren can imagine and talk about
themselves in the future, but previous studies akvkat they do not understand the
connection between the present and the future,hamd current events affect future ones
(Harner, 1976; Lemmon & Moore, 2007; Poole, Mill&,Church, 2006). When offered
rewards 40 times higher than the initial item inpEsment 2, however, some children as
young as 2 years old tolerated time lags of up@amin, showing that they could, to some
extent, act in their best future interest.

Children aged 3 and 4 were more capable of admdtweir waiting durations to the
quantity of rewards. They sustained longer times l&@ the largest quantity of food. The
group of 4-year-olds contrasted with the 3-yeaspls the former could give up early in the
trial despite a known capacity to wait for long@iving up or continuing to wait appears to
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result from a decisional process as the 4-year-alkts verbalized about their intention. They
anticipated that there would be some delay, anddddcearly on whether the reward was
worth it or not. For them, failure to wait was patiby less related to limited self-control than
in younger children. From around the age of 4,dtbih have temporal appreciation of the self
in the past and future (Friedman, 2000, 2003; Lem&oMoore, 2001; Povinelli, 2001).
Their episodic memory, one of the executive fundimecessary to mental time travel into
the past and future (Tulving, 2005), is also mor@ure than in younger children (Nelson,
1993; Perner & Ruffman, 1995). The notion of time3tyear-olds may differ from that of
older children (Droit, 1994, 1995a,b; Friedman, @O%ere, they did not anticipate the
duration of the expected delay for as clearly as 4kyear-olds could have done, but they
succeeded more often than the 2-year-olds at wgaitinoughout the time interval. This
indicates improved self-control compared to the ngmst children, which may also be
illustrated by the time of error results (see RY.Indeed, when trying to wait, 3-year-olds
tended to fail later on in the task than the yoshgildren. Interestingly, several studies
showed that better self-control is linked to a leighability to estimate time intervals
(Darcheville, Riviere, & Wearden, 1992; Levine & gk, 1959; Siegman, 1961). The
combination of both factors may impede the sucoéss and 3-year-olds while facilitating
the success of older children. The ability to takieire interest into account to guide current
decision is also related to the ability to engageausal reasoning at around 4 years (Das
Gupta & Bryant, 1989; Mitchell & Riggs, 2000). Irurodelay-of-gratification task, older
children were probably able to reason about cumedtfuture rewards, i.e. “If | eat one piece
of cookie now then | will not have two later”, atidus be able to make the optimal decision.

When observing the behavior of children duringwzating period, we found that children
who diverted their attention were better at delgygnatification than those waiting passively.
Treat-focused distractive strategies were, howeless efficient than distractive behaviors
which were not focused on the initial item, suchtaking with parents and playing alone.
Treat-focused strategies were shown to hinder delgyevious studies (Metcalfe & Mischel,
1999; Mischel & Ayduk, 2004; Mischel et al., 197%&here increasing success was achieved
by spontaneous or instructed distraction (MilleKé&rniol, 1976; Mischel et al., 1972, 1989,
1996; Toner & Smith, 1977). Language progress aseatly related to children’s increasing
capacity to delay gratification (Vaughn et al., 4R8Vygotsky (1962) demonstrated that
private speech, a mental tool commonly used fodiggiand managing thought and behavior,
follows a developmental pattern until the age df. 6Ae noted that the 3- and 4-year-olds
verbalized their choice, saying “I wait/l eat ifielping them to focus and maintain their
attention more efficiently than younger childrerhid result was also found in other studies
(Coates & Hartup, 1969; Flavell, Beach, & Chinsk966; Fuson, 1979; Meichenbaum &
Goodman, 1971). The age effect found in previoysearents regarding the use of other
distractive strategies (Mischel & Mischel, 1983;t&& Yates, & Beasley, 1987) is also
corroborated in this delay-of-gratification taskader children diverted their attention more
frequently, leading to a higher success rate. éstergly, previous work reported that 4-year-
olds were not as good as 8-year-olds in usingatiste methods (Yates et al., 1987). Our
results show that children as young as 4 yearsvel@ better at adopting strategies helping
them to cope with impulsivity than previously founBew 2-year-olds, however, used
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efficient distracting strategies, confirming thais difficult for young children to recognize
the efficiency of distraction to facilitate waitinglohnson & Kopp, 1981). Interestingly,
having siblings in the family is another factor tth& positively correlated to an increased
tolerance to delay. It is known that the preserfcgldings can be related to an enhancement
of intellectual development, creative potentiallf@dit & Runco, 1989; Cicirelli, 1975; Runco
& Bahleda, 1987), autonomy and skills in persisteiid¢iao, Ji, & Jing, 1986; Miller &
Maruyama, 1976). This improved efficiency was alstectable in our experimental set up. It
may be noted that bargaining is an integral parsamial games between siblings, allowing
them to gain experience in exchanging earlier tvdwg children.

In a study carried out by Lemmon and Moore (20@HiJdren aged 3 selected the
immediate sticker reward more often when offereth@ice between one sticker now and two
or four later. Although these results are not diyecomparable with ours due to differences
in procedures, the fact remains that children aeckfo wait in our study. In some respects, it
could be expected that our task was more challgnginit involved refraining from eating a
food item from the very beginning of the transactimevertheless, more than half the
children successfully waited for at least 2 minisilikely that the social component of this
exchange task, i.e. engaging in bartering with anpga, had a positive impact on the
children’s tolerance to delay. It would be worthighto test children in a food exchange
paradigm that does not involve a social componleut,use the same ratios and time lags,
with automated procedures for instance. As theyal@ér, children are encouraged to be
prosocial and patient (waiting their turn durindiasal activities, waiting for the end of the
meal to have a cookie). Most theories about banggialso state that potential punishment
increases cooperation in mutually rewarding excean@lolm, 1994, 1997). Two-year-old
children only start experiencing negative conseqgeerwhen rules are transgressed (Dunn,
1988), thus older children should be more incliteedo what a partner expects of them in the
hope of avoiding potential retaliation or punishmefhere is also some evidence that the
ability to make future-oriented decisions is asated with the development of a theory of
mind (Moore, Barresi & Thompson, 1998). For insgnMoore and Macgillivray (2004)
reported that performance on standard theory ofirtasks in 4-year-olds was correlated with
opting for delay. At around 4 years of age, chiddevelop a parallel understanding of other
individuals' beliefs and thoughts (Perner, 1991lliNgn & Winner, 1993; Tomasello &
Rakoczy, 2003; Wellman, 1990). This capacity iediy related to a better judgment of
partner expectations. Thus, we cannot exclude dbeial factors such as the presence of a
partner and the possibility of attributing menttdtes to her may largely affect children’s
performances in a delayed exchange task.

Given the long cognitive development necessary reetthildren acquire the skills to
successfully delay gratification, we expected saniles between their performances and
those of non-human primates tested in the same @sldren aged 3 and 4 sustained long
time lags significantly more often for the largésbd items (eight times) than for smaller
rewards, as previously reported for brown capuchonkeys (Ramseyer et al., 2006) and
chimpanzees (Dufour et al., 2007). Using behavistadtegies to cope with impulsivity, as
we found in 3- and 4-year-old children, is not w@do humans since chimpanzees also used
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self-distraction in a variant of this paradigm (Bs& Beran, 2007). Besides, whereas 2-year-
old children could not anticipate the duration adflays before exchanging, long-tailed
macaques and chimpanzees appeared capable of siwifigufour et al., 2007; Pelé et al.,
2010). Similarities exist between older childrem @on-human primates in the calculation of
what value of reward is worth waiting for, antidijpg the waiting period and using a waiting
strategy, but only a small minority of the non-hum@imates tested could wait the full 16
minutes, a time-lag reached by most 4-year-olddcé.

The age-related performances found in this studycansistent with an increased ability to
evaluate whether a reward is worth waiting for lakinng both time and control over
impulsivity into account (Kopp, 1982; Logue et d41996; Piaget, 1954; Vaughn et al., 1984),
leading to optimal decision-making in older childré&iven the delays we used, we did not
reach the maximum limits of delaying gratificationchildren. Our study has nevertheless
established that self-control is the first skillde mastered by children before integrating the
temporal element. In essence, this means thatrehildan make early decisions about
prospective rewards, and control their impulsivtyen when faced with an uncertain or
unclear temporal perspective. The ability to cdningpulsivity is a developmental process
that has consequences not only for the individualabso for society in general (Baumeister
et al., 1994). Children known to exert better selfitrol are also those who are seen to attain
higher socio-educational levels (Mischel et al.89) Our study can help distinguish how far
anticipation and impulsivity are involved in chascenade by children. It could also have
educational implications for designing support\atiés aimed at children aged 3 or more
who show difficulties in focusing their attentioncacontrolling their impulsivity. Adequate
advice about the best strategies to solve sucts teslild also help children in their school
achievement. Reacting at an early stage in theascbector could help diminish later
behavioral misconduct in adolescents and adulteoltal, drug, violence, risky sexual
behavior; Madden et al., 1997; Tangney, BaumeigteBoone, 2004; Wulfert et al., 1999).
Lastly, investigating whether the present resudtda have further implications in the context
of hyperactivity disorders would be another sigraft line of development for research.
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LE CALCUL DU PROFIT
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SYNTHESE DE LA RTICLE 3

L'aptitude des enfants a ajuster un investissement

a travers le calcul du bénéfice

Article en révision pouPloS ONE

L 2 2 4

es enfants s’avérent capables de contréler leuulsiyité pour obtenir une récompense

différée dans le temps. lls peuvent ajuster le tedipttente qu’ils souhaitent investir en
fonction de la valeur de la récompense a obteourtant, établir une relation entre la qualité
de l'aliment a recevoir et le colt lie a l'attenmtéest pas suffisant pour optimiser une
transaction. Dans un échange, I'écart temporeleelgrdon et le retour n’engendre pas
seulement un temps d’attente mais également uoeidg perdre. Plus l'attente est longue,
plus le partenaire est susceptible de modifieolgrat initial d’échange, de détériorer le bien
Oou ne rien retourner. Lorsque je compare mes msuli ceux d'expériences passeées, il
semble que la présence du partenaire au cours td@nkaction proposée et son engagement
en tant gu'acteur actif de I'échange, ait un efiesitif sur la tolérance a attendre des enfants.
Si la dimension temporelle et le contrdle de l'itspuité sont des éléments essentiels dans la
maximisation d’'une transaction, la composante $®@aparait déterminante dans le choix
d’investissement.

L’étude de la prise de décision des individus tbes interactions avec d’autres personnes
est un sujet majeur de I'économie. La maniere dest enfants réagissent face au
comportement d’'un autre partenaire — souvent anenymest un domaine de recherche qui
s'est beaucoup développé au cours de ces derndmeses. Dans le réseau d’échange
particulierement dense que les sociétés humaintadéorloppé, il n'est cependant pas rare de
devoir interagir simultanément avec plusieurs paites faisant des offres différentes et cela
a partir de regles de décision opposées. On sait lgsl enfants ont les compétences
nécessaires pour choisir, sur la base des intenactiassées, le partenaire le plus fiable parmi
plusieurs. En revanche, on ne dispose d’aucunenmaftion concernant leur capacité a
optimiser leur bénéfice en calculant le montant\gestir avec chacun des partenaires. La
présente étude a pour but de tester la capacitérdants a calculer leur investissement de
facon optimale dans une situation économique.ré&ehnerché 'age auquel les enfants sont
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capables d'ajuster leur investissement en fonctlea offres potentielles de différents
partenaires.

Jai étudié des enfants agés de 3 a 10 ans danstache expérimentale ou des
expérimentateurs retournaient des récompenses antitgs differentes. Chaque enfant
recevait initialement 4 items alimentaires qu’ilupait garder ou échanger. Le premier
expérimentateur offrait le double de la quantitébdabons initialement rendue par I'enfant
tandis que le second offrait systématiquement wantifé maximale de bonbons quel que
soit I'investissement initial de I'enfant. Pour nmaiser leurs gains, les enfants devaient
ajuster leur investissement de maniére différemtefanction des expérimentateurs, en
donnant le maximum de bonbons au premier et lermimi au second. Aucun enfant de 3 ans
ne s'est révélé capable d’ajuster son comportemerfonction de lI'expérimentateur. Ces
derniers rendaient rarement tous les items et cegisat souvent au moins un bonbon. Prés
d'un tiers des enfants agés de 5 ans et la présliée des 7 et 10 ans ont réussi a optimiser
leur gain en suivant différentes regles de déciaw®t chaque expérimentateur ; ils ont rendu
un maximum de bonbons a I'expérimentateur offramtdbuble de récompenses et un
minimum a celui offrant toujours une quantité fetenaximale de récompenses.

bY

La capacité des enfants a calculer un investisseepartir de I'offre se développe
essentiellement entre 4 et 7 ans. Avant cet ageméeanismes sociaux tels que le manque de
confiance accordée a un partenaire étranger peatramener les enfants a se concentrer sur
une évaluation de la fiabilité du partenaire plugbe sur la transaction. |l apparait d’ailleurs
gue des biais comme l'aversion a la perte puisgdghtencer leur prise de décision, les
conduisant parfois a ne pas prendre des décisipmmales, au méme titre que les adultes.
Certaines capacités cognitives pourraient égale@eatimpliquées dans le développement
des aptitudes a I'investissement : le développemertd théorie de I'esprit aiderait les enfants
a juger plus efficacement la fiabilité et les atitsndu partenaire d’échange ; I'entrée a I'école
s’accompagne d’'une amélioration des compétence&nmgymes permettant probablement aux
enfants de calculer plus précisément leur investisst en fonction des deux partenaires.
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Abstract

To investigate the rise of economic abilities dgrotevelopment we studied children aged
between 3 and 10 in an exchange situation requiiem to calculate their investment based
on different offers. One experimenter gave bacleward twice the amount given by the
children, and a second always gave back the samdityuregardless of the amount received.
To maximize pay-offs children had to invest a madimmount with the first, and a minimal

amount with the second. About one third of the &my@ds and most 7- and 10-year-olds
were able to adjust their investment accordinghe partner, while all 3-year-olds failed.

Such performances should be related to the risegrfitive and social skills after 4 years.

Keywords:decision-making; calculation; exchange; econonuhgddren
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Introduction

How individuals make choices in the context of iat#ions with other people is a major
topic within economics, and thinking from this d@ime has strongly influenced research on
decision-making. Trading with multiple partners ldaling different exchange rules is
commonplace in the dense social exchange netwoekelaped within human societies.
When facing partners offering different expecteg-p#s, investors are expected to optimize
their satisfaction by adjusting their decision te tmost rational choice [1]. Despite the
increasing interest of economists in how adults atholescents decide to invest according to
the behavior of other persons [2], we still do kiwbw how this ability appears and develops
in an individual. No study to date has investigatieel competence of children to calculate
investment based on the offers made by partners.

Trust is known to represent a "social lubricant"tive economic world [3], and most
models of economic interactions have demonstratat decision-making is influenced by
social preferences such as trust and reciprocily{7]4 The experimental trust game,
originally known as the investment game [8], hasrbesed in numerous studies to model the
economic behavior of people when trading. In thast,t a player typically decides what
proportion of an initial monetary endowment will geven to an anonymous player. This
amount is then tripled and the recipient decides hwch of the tripled amount will be kept
and how much will be returned to the first playExperimental results provide evidence that
decision-making is affected by cultural origins-[2]], and individual factors such as gender
or age [12]-[17]. For instance, men from westernieites invest the most [18], [19], and
therefore appear to be the most trusting [20], @id the most confident in their investment
decisions [20], [21]. Adult subjects were also moomfident than teenagers [17]. Several
studies have shown that reciprocity, trust andhéss affect the decisions of children [24]-
[26], but the influence of age on investment decisiin an exchange situation remains little
documented (see [27]).

In every transaction, partners not only decide howrade with one another, but also
choose with whom they trade. People may considerrative, better partners if the current
partners do not meet the expected cooperative wonsli In the context of public good
provision games, for instance, adults usually ddjusir investment following observation of
contributions made by partners [28], [29]. In thedstment game, interacting several times
with the same partner can create a context in wimdlviduals develop trust in previously
unknown persons. To explain how trust relationsiogis evolve over time, researchers have
commonly used repeated games in which participenésact several times with the same
partner [30]. In studies where subjects can chdbeé& partner, results show that people
prefer partners who have already provided them watine form of benefit, and the choice
made is based on the past result of their intemadi?], [31], [32]. In contrast, imposing
exchange partners on individuals may decreasectla of trust or result in more time being
required before participants trust each other [88]trusting behavior evolves with age, older
children may accept to trade with unknown partmeose easily than younger ones would, or
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they only may decide to take part in the transacbace they have estimated whether the
partners were trustworthy.

When confronted by informants who differ by themvél of reliability, children
consistently prefer the one having given the ma®iete information in the past [34]-[37].
Interestingly, an increasing number of works exam@sonomic skills and the influence of
partner’'s reliability in non-human primates [38]t]4 One study in monkeys showed that a
single individual out of twenty-one was able to @idais investment according to the
profitability of two different human partners [41].appears that taking the quality of partners
into account when trading requires complex cogaitskills. In humans, and especially in
children, it is likely that this competence develap relation with the development of the
cognitive abilities needed in any transaction: mgvito an unfamiliar person, judging the
partner's reliability by reasoning about their na¢rstate, and estimating the value of goods
[1], [42].

Studies have shown that children can spontaneaygty objects before the age of one
[43]-[45]. By 14-18 months of age, they readilyargct with unfamiliar people [45] and take
part in exchanges with unknown experimenters [f#6]]. Progressive development is also
seen in attribution of mental states. At the beigigrof the second year of life, children can
share goals and read other people' intentions,the.plan of action needed to reach goals
[45], [48]-[50]. From 4-5 years of age, childrearstto understand the beliefs and thoughts of
others, which may help them to recognize untrustwyoand dishonest partners [51]-[54].
Regarding numerical skills, children under the afdwo can make value judgments by
recognizing small discrete quantities [55]-[58]ddarger numerosities, albeit in an imprecise
way [59]-[63]. At around the age of 2, they areeabd count to about six and detect a
violation of counting [64]-[67], but children cannmaster the same counting principles as
adults before six years of age, i.e. the sequehoaraber words, the one-one correspondence
between objects and words, and the cardinal pie¢§8], [69]. By the age of 5 or 6, they
solve verbal calculation problems requiring arittimeskills [70]-[72], although younger
children can already predict the outcomes of simagiditions and subtractions [73]-[76].

We aimed to identify the developmental stage attvichildren adjust their investment in
the context of an economic transaction. We testddren between the ages of 3 and 10 in an
exchange task requiring them to calculate the amofifiood items they gave initially, in
order to maximize the food amount to be returnedtwy different experimenters. The
experimental procedure was similar to that useth wibnkeys [41]. One experimenter gave
back a reward twice the amount of the child’s atiinvestment, whereas the other always
returned the same amount, whatever the child’salnibvestment. To maximize pay-offs,
children had to respond in different ways to eagheementer, offering a maximal amount to
the first one, and a minimal amount to the second.
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Results
Returned Items

The mean number of returned items varied accortbngndividuals (Bss75= 5.5,p <
0.001; Figure 1), age and partner (3 years: mearbeuof sweets + sd = 2.35 £ 0.09, 5 years:
m = 3.06 = 0.07, 7 years: m = 2.58 £ 0.08, 10 years 2.75 £ 0.1, Es75= 9.4,p < 0.001;
doubling partner: m = 3.29 + 0.08; fixed partne2.68 + 0.09, Fs75= 58.2,p < 0.001). Given
the interaction between the individuals and pagr{&#,s7s= 2.7,p < 0.001), we compared
the performances of each child according to thdityuz partners.

Comparing the performances of 3-year-old childrecoeding to the quality of partners did
not yield significant differences (Figure 1). Chéd seldom returned all initial items, often
keeping at least one sweet (90.3% of returns).

Among 5-year-old children, five failed to adapt @w@ount of sweets given according to
the quality of their partner (Figure 1). By contrathree children showed significantly
different behavior with each experimenter. Onehein adapted his strategy from the first set
of sessions; he quickly learned to give back a mahinumber of sweets (one) to the fixed
partner, and a maximal number (four) to the dowplpartner. The other two children
modified the amount of returned sweets in the uwfsexperiments, learning to give one
sweet to the first partner and four to the othemfithe &' set of sessions onwards (Figure 1).

Among 7-year-old children, one boy did not dispsagnificant differences in his behavior
according to partner’s quality; he returned someetw to both of them (Figure 1). All the
other children were able to adjust their behavmoading to the quality of partners, most of
them learning in the first half of the study to givack a minimal amount to the fixed partner,
and a maximal amount to the doubling one (Figure 1)

Among 10-year-old children, one failed to discriate between experimenters; he
repeatedly gave back around four sweets to botimgrar All the others adapted their return
from the first sets of sessions by giving back aimal amount of sweets to the fixed partner,
and a maximal amount to the doubling one (Figure 1)
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Figure 1. Number of sweets returned by children (= 8 subjects per age group). No 3-
year-old children successfully adapted their stratgy according to the quality of
partners. At the age of 5, three subjects adaptedeir strategy according to the quality
of partners. Seven subjects successfully adaptedetih strategy according to the quality
of partners at the age of 7 and 10 respectively (\¢bxon tests, n = 10). Each plot
represents the mean number of sweets returned in ensession of ten trials, along with
standard errors.
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Table 1. Children’s net income according to the quigty of partners and difference

between the numbers of sweets received from eachrpeer.

Net incomes Difference between
. (mean number * SD) the number of P.-value

Subjects Sex sweets received (Wilcoxon

Doubling partner  Fixed partner test, N = 10)

from each partner

Three years
Ste Girl 6.3+ 0.08 9.6+ 0.11 327 <0.001
Aud Girl 6.4+ 0.07 9.3+ 0.10 286 <0.001
Mil Girl 6.2 +0.08 9.6+ 0.13 343 <0.001
Cam Girl 6.8+ 0.14 9.0+ 0.18 224 <0.001
Lou Boy 6.7+ 0.10 9.5+ 0.10 285 <0.001
Sim Boy 7.4+ 0.10 8.6+ 0.14 114 <0.001
Matt Boy 5.0+ 0.01 10.9+ 0.01 598 <0.001
Math Boy 6.0+ 0.13 9.4+ 0.17 334 <0.001
Five years
Chl Girl 6.8+ 0.12 10.1+£ 0.15 330 <0.001
Gla Girl 7.5+ 0.09 9.0+ 0.12 143 <0.001
Mas Girl 7.8+ 0.06 8.3+ 0.07 49 <0.001
Mar Girl 7.7+ 0.09 8.4+ 0.10 72 <0.001
Mil Boy 7.7+0.07 10.8+ 0.09 306 <0.001
Lea Boy 7.2 0.08 10.0+£ 0.12 277 <0.001
Lou Boy 8.0+£0 8.0+ 0 0 1
Ami Boy 6.7+ 0.10 9.4+ 0.10 275 <0.001
Seven years
Ami Girl 7.4+0.11 10.6+ 0.10 323 <0.001
Fat Girl 7.7+ 0.06 10.7+ 0.07 299 <0.001
Ana Girl 7.8+ 0.06 10.8+ 0.07 303 <0.001
Ass Girl 7.8+ 0.10 10.3+0.11 247 <0.001
Ben Boy 7.9+ 0.04 9.8+0.14 191 <0.001
Leo Boy 6.6+ 0.12 9.8+ 0.12 315 <0.001
Art Boy 8.0+ 0 10.6+ 0.10 262 <0.001
Leon Boy 7.0£0.13 8.7+ 0.39 172 <0.001
Ten years
Ali Girl 7.8 +0.06 10.7+ 0.07 289 <0.001
Aga Girl 7.8+ 0.06 10.8+ 0.07 299 <0.001
Yae Girl 7.9+ 0.06 10.6+0.14 246 <0.001
Mou Girl 8.0x0 10.6 £0.11 263 <0.001
Flor Boy 8.0+0 10.9 £ 0.05 292 < 0.001
Yan Boy 7.3+£0.08 10.2 +0.10 286 <0.001
Tho Boy 800 11.0+0.03 299 <0.001
Adi Boy 7.9+ 0.03 8.1+ 0.05 14 <0.05
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Net Incomes

By experimental design, a child's net income shaiifter according to the quality of
partners. Only one boy of 5 years old did not elgmee a significant difference of total
income between experimenters. For all the othddi@n, income was higher with the fixed
than with the doubling partner (Table 1). The défece between the numbers of sweets
gained from each partner varied from 14 to 598 ssv@@&@ble 1). It is worth noting that by the
age of 5, children regularly counted the net incoeoeived during the exchange.

Because some children were from the same schoolcawtd not control potential
communication between them about experiments, &d|yem older children. When looking
at the proportion of successful children testedcaibol versus those tested at home who did
not know each other, we found similar proportionsdecision patterns, both in 7-year-old
children (83% of success at school vs. 100% of esg@t home), and 10-year-old children
(80% vs. 100%).

Discussion

No 3-year-olds were able to adjust their behavimroading to the quality of partners.
About one third of the 5-year-old children, and adtnall children aged 7 and 10 succeeded in
optimizing pay-offs by following different decisianles according to experimenters. The fact
that the performances of the children tested abaciere not better than those of subjects
tested separately at home casts doubt on any gitgsb information transmission between
children belonging to the same school. It shouldabded that successful children did not
adjust their investment according to the qualitypaftners from the first trial of a session;
they learned to maximize their pay-off after sel/émals of the first or following sessions.
Our results confirm that the ability to calculateestment based on partners' offers develops
between 4 and 7 years of age.

It is unlikely that failures observed in 3-year-aitildren were due to their inability to
differentiate between the food amounts returne@iperimenters, since children are able to
differentiate between discrete quantities fromrtfiest year of life [59]-[62], [73], [77]. In the
present study, children sometimes returned a diftenumber of sweets to experimenters,
thus getting an opportunity to learn that partréics not respond in the same way. Despite
having experienced a difference in net income abualthree sweets between partners,
younger children did not adjust their return acaogdo experimenters’ qualities.

In terms of calculation skills, children aged 3tare able to resolve basic subtractions that
involve small number sets [70]-[72], [78]-[80]. Slar abilities are observed in monkeys
[81]. Here, children aged 3 are comparable to m@staques and capuchin monkeys tested in
the same task [41] as they could remove part oftémes before investing, but failed to adapt
their return to partners. A single monkey out oémty one was able to adapt his strategy to
both partners, which sets the performances of mgn&emewhere between those of 3- and 5-
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year-old children. This also suggests that calmnabilities may not be a limiting factor for
succeeding in such tasks.

In our experiments, children did not merely havehoose between two options, but also
had to draw different decision rules from the casiting conduct of two partners, which was
more demanding. The ability to follow multiple diteons or to switch decision rules
develops slowly during childhood [82], [83]. Wheskad to sort objects according to color,
3-year-old children are still unable to inhibitgHirst representation when required to follow
an alternative one based on the shape of obje4}4§8]. Our study shows that adequate use
of opposite decision rules is possible from the @ig®, and is fully mastered from the age of
7. Interestingly, 10-year-old children needed fewesting sessions (i.e. less than three
sessions) than younger ones (i.e. between oneianddssions) before succeeding. It cannot
be excluded that it was enough for subjects tors¢gly adjust to each of the partners they
were faced with, without comparing their returnsweéver, younger children failed in the
present task despite the fact that, at this ags, should be able to understand the intentions
of each experimenter (see [50], [88]) as a pantequiring a certain amount of food to give
rewards.

The development of a theory of mind and arithmskitls may partly explain increasing
performances in children. The success of sevesads-old children is consistent with the
fact that 4- and 5-year-old children understand tithers may have thoughts and beliefs
different from their own [51]-[54], [89], and thability can be used to detect the reliability of
a partner. With regard to arithmetic, it is knownratt the first years of schooling markedly
affect the cognitive skills of children regardingnfjuage, literacy and numeracy [90].
Although it appears sufficient to recognize magiétu- even in an imprecise way — for
children to adjust their return to partners, trektanay ask for a more demanding ability when
it comes to understanding the relation functiorwieein investing and the return of each
partner (when children have to discriminate betweatio differences). School-related
changes in counting and arithmetic abilities magdlehildren to be more efficient when
calculating investment. We did not observe childosimg counting to remove items before
exchanging, but most subjects over the age of Btapeously counted the total number of
received sweets at each trial. While Jordan, Hldtdrer and Levine (1994) [91] found that
counting objects may not be necessary to solvevednal tasks, it could help children to
differentiate the net incomes received accordintheoquality of partner and could improve
decision-making. A marked increase of performancarithmetic problem solving is reported
from the age of 5 or 6 onwards [68], [71], [72].v&n this long age-related development, it
may not be surprising that children only solved tagk from the age of 5 onwards. Thus,
counting and understanding that people can thiffierdntly may improve performance on
this task.
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Social factors could also have affected the peréorres of children, and may explain
better results found in 5-year-olds. In particukansting behavior is commonly believed to
guide the choices of economic agents in investrsgumtions [8], [92]. Repeated experiences
can establish a trust relationship between exchpagmers [30] and this leads children to
invest their attention towards how to gain moraerfrie task rather than concentrating on the
unknown partner. With increasing age, children doalso prioritize the potential to gain
more, even if they did not trust experimenters. tBa other hand, it is possible that the
capacity of younger children to focus on the tasis wnpaired by failure to overcome their
wariness of partners who were unknown and poténtiahtrustworthy. A recent study
revealed that 3-year-olds evaluate trustworthingfspartners based on the inaccuracy of
information, whereas 4-year-olds rely both on aacyrand inaccuracy [93]. As partners were
always trustworthy in our study, systematicallyiggzchildren an accurate reward, it is quite
possible that younger children may have experiem#dulty distinguishing between them.
The number of sweets that they kept could alsectfiheir hesitation to put their trust in
experimenters. Contrary to older children, 3-yeddsdept at least one sweet in almost all the
trials, thus showing a preference to avoid loshegrtinitial savings rather than acquire gains.
Such loss aversion relates to the endowment eféecipgnitive bias commonly found in
economics; it leads people to attribute a highdwes¢éo objects they own than to objects that
they do not possess. A number of experimental esudave demonstrated that adult investors
may behave in a way that may not be rational [f]]-[96]. Our results showed that children
as young as 3 years old also violate the predistadroptimal decision-making models.

Although older children understood how to maximikeir benefits, they did not appear
perfectly rational since they did not follow an iopal rule on every trial. They often
supported their decision verbally by asserting thay preferred to win less for a specific
trial, or to set their sights on the contents aetip that did not contain the maximal amount of
sweets. It should be emphasized that children wenearded regardless of the number of
sweets invested; no exchange also rewarded themtlat four sweets that they kept. The
lack of negative reinforcement for giving one quigndr another can explain that successful
children were not always optimizing investors. Seabbices probably reveal the importance
of play or exploration in their performances.

The present results show that children betweeragfes of 4 and 10 are in the process of
learning how to behave in economic situations. Bmtgnitive and social factors are likely to
be involved in their ability to calculate their stment according to the offers made by
partners, and biases appear to influence theirsibecmaking. More research will be
necessary to confirm the present results in a tasgple of subjects, and further investigate
the relationships between cognitive development amgroving economic skills. In
particular, it would be worthwhile to study children an experimental situation that does not
involve a social component, for instance, by testimem using two automated dispensers
instead of experimenters.
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Methods
Ethics Statement

The project was approved by both the Education Beamt of the Bas-Rhin (reference
DIVEL1/09-670/1J) and the district inspector foruedtion. Parents were given a letter
describing the general purpose of the study andtemriparental consent was required for
children to participate in the tests. Participatwas on an unpaid, voluntary basis, but
children kept the sweets that they won during tes®ns.

Participants

We studied 32 children (16 males and 16 femalesyl &jto 10. This sample was divided
into four age groups of eight children: 3-year-fltean age £ SEM = 41.4 + 4.0 months), 5-
year-old (m = 66.5 = 0.9), 7-year-old (m = 88.0 6)3and 10-year-old (m = 125.6 + 3.4).
The sex ratio was balanced for representativenessested equal numbers of girls and boys
in each of the four age groups, i.e. four girls &ngd boys. An additional child was excluded
from tests because he did not pay any attentitinet@xperiments.

Participants were European, from middle-class bamkgls, with French as their first
language. A majority of children belonged to thebBawsau preschool and elementary school
in Strasbourg, France. We tested seven childrearatgly (two 3-year-olds, two 7-year-olds
and three 10-year-olds) at their home, i.e., oatti@ frame of the school.

ExperimentaDesign

We studied children in two conditions involving féifent experimenters. In the first case,
the experimenter was a doubling partner, meaniagshe always returned twice the number
of rewards given by the subjects; potential rewardse presented in four cups containing
either two, four, six or eight rewards. In the set@ondition, the experimenter was a fixed
partner, meaning that she always returned eighanadsy regardless of the number of rewards
given by subjects (one to four); potential rewasdsre presented in four cups, each
containing eight sweets.

Each child took part in two sessions, one sessiofOotrials each, with each of the
experimenters. A session was composed of 10 sgbarated by pauses of 5 sec. Children
were given 5 min between the two sessions to fuliglerstand the different conduct of the
two experimenters. The net income, i.e. the amotithe rewards kept by the children plus
those received, could vary within any one sessiomf24 to 48 sweets with the doubling
partner, and from 24 to 66 sweets with the fixednm (Table 2). We counterbalanced the
role of experimenters, i.e. within each age-andggexip, one experimenter was the doubling
partner with two children, and was the fixed partngh the other two. We also alternated the
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intervention order of partners from one set to heotTo help children learn to distinguish
between both conditions, we associated them witlerdnt cues. We divided the table into
two parts, each devoted to a different set of foups, with a different color for each
condition.

Table 2. Number of rewards acquired from both expementers and children’s net
income according to the number of items returned byhildren. Within any one session,
the subjects' net income is the amount of items keégy the child plus those received
after return. Subjects maximize their gain by givirg more (4 sweets, net income 8) to the
doubling partner, and less to the fixed partner (Isweet, net income 11).

Doubling partner Fixed partner
Number of sweets returned  Reward  Net income Reward  Netincome
0 0 4 0 4
1 2 5 8 11
2 4 6 8 10
3 6 7 8 9
4 8 8 8 8

Test Procedure

We recorded whether subjects had siblings or twiNe videotaped testing sessions
whenever written consent was obtained. Childrereviested individually in a quiet room (4
m x 3 m) adjoining their classroom. The child wed to the testing room and introduced to
the two experimenters. The child then sat on arcbpposite the experimenters at a
rectangular table (0.8 m x 0.5 m).

Before testing, the experimenter gave the childpbssibility to exchange one reward for
two. If they failed, the experimenter repeatedttimd once. If the child failed again, the test
was stopped. When the child was successful, therarpnter then offered her/him the
possibility of exchanging two rewards for four.sthe failed, we repeated the offer once. All
subjects reached this stage, and were consideadg fer testing.

The two sessions lasted approximately 15 min. T frial began when the first
experimenter (doubling or fixed partner) placed dilidd the four plastic cups with the
different rewards. The experimenter then gave thkl dour sweets by placing them on the
surface of the table while saying, “Here are fonests and here are more sweets”, showing
the cups of sweets. After 3 sec, she pointed tdatiesweets, held out her hand, palm up, in
front of the child and asked, “How many of themym want to exchange?” (Note that pilot
trials run with children aged between 4 and 12 yeavealed that the sentence “Do you want
to exchange any of them?” implied that the transaatay be risky, leading children either
to accept exchanging all the items or to refusdnamging any of them. We opted for a more
precise question that made clear that the childr@mot have to return all the items).
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Every time the child returned one or several swebts experimenter thanked them and
presented the corresponding cup to the child sayig here are the rewards. Do you want
to try again?” before starting another trial. Whba child kept or consumed all sweets, the
experimenter said “OK, you can eat/keep the swedd® you want to try again?” After the
session, the experimenter said “OK, that was gidaiv you're going to play another game
with my friend". The second experimenter (doublorgfixed partner) drew attention to the
change of condition by placing and filling four ethplastic cups with a different amount of
rewards, and then began the second testing session.

Control of Information Transfer

To avoid any exchange of information between ckitdiested within the same school, the
experimenter asked the child not to talk aboutingstvith other children after the first two
sessions were completed. It is also important te tiwat younger children were not verbally
mature enough to have elaborate discussions whibo$driends [97] about how to gain more
rewards during experiments.

Statistical Analysis

We used a one-way repeated-measures ANOVA (Mawcidgt for sphericity = 0.74) to
assess the effect of the individuals, age, sexparther on the mean number of returned
items. To test whether subjects responded diffgreatthe fixed and doubling partners, we
compared their performances at the individual lexshg the Wilcoxon matched-pairs test
(exact procedure [98]) with SPSS software versior{SPSS Inc., Chicago IL, U.S.A.). The
significance level was set as 0.05. Values arenga® means and standard errors of the
means.
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CHAPITRE 6

LA PRISE DERISQUE

DANS L'ECHANGE
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SYNTHESE DE LA RTICLE 4

Les facteurs de décision chez les enfants

dans une situation d’échange a risque

Article soumis pour publication

L 2 2 4

es études précédentes ont montré que la décisiovedtir lors d’échanges avec des
L expeérimentateurs inconnus pourrait étre liée afsmcité des enfants a juger dans quelle
mesure leurs partenaires sont dignes de confiantecee qui concerne le retour
d’'investissement. Au-dela de l'estimation des resjliés a la fiabilité du partenaire, les
enfants doivent également calculer les risquesatteas de perte inhérents a toute transaction
différée. L’évaluation des bénéfices ou des pepetentiels pourrait étre un pré-requis
cognitif a I'aptitude a optimiser les gains.

Cette derniere étude s’inscrit dans une thématmagure de I'économie expérimentale,
celle du choix individuel en situation de risqueslenfants tendent a prendre plus de risque
que les adultes. Au cours des transactions écon@siqeéecessitant I'évaluation des
possibilités de gain et de perte, il se peut gaeetdants aient un seuil de tolérance a la perte
plus élevé que celui des adultes, les autorisatliea plus loin dans leur prise de risque. On
peut également penser que les mécanismes nécesaajiegement des pertes potentielles et a
la compréhension des conséquences de leurs décisemleviennent matures qu’aprés un
certain age. J'ai eu pour but d’étudier la facules enfants a maximiser leur bénéfice dans
une transaction comportant un risque de perte. ahalysé les facteurs de décision en
fonction de I'age et confronté les choix observésux prédits par les théories économiques
majeures de prise de décision chez I'étre humaavair la Théorie de I'Espérance d’Utilité
(EUT) et la Théorie des Perspectives (CPT). L'oftfjétait également de préciser si les biais
cognitifs rencontrés chez les adultes lors desxcléobnomiques (aversion a la perte ou
attirance pour le risque par exemple) pouvaiert @celés a un age précoce.

J'ai testé 288 enfants agés de 3 a 9 ans dansaahe tI'échange ou je leur offrais un
biscuit de dimension moyenne en présentant sixmpeases potentielles de dimensions
différentes : les récompenses représentaient swoitgain, soit une perte, soit étaient
équivalentes au biscuit initialement offert. Sinfant acceptait de rendre le biscuit en sa
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possession, il recevait de maniéere aléatoire ldesesix récompenses. Afin de mesurer si les
probabilités de gain et de perte influencent lagde décision des enfants a s’engager dans
I'échange, différentes combinaisons de récompeostgté proposées aux enfants durant le
test. Les résultats montrent que les enfants deqaéub ans s’engagent plus souvent dans un
échange risqué que les enfants de 3 et 4 ans.€b&ig@ n'ont pas été capables d’adapter leur
taux d’échange en fonction des combinaisons dampenses contrairement aux enfants plus
agés. La proportion de choix de la loterie faceyaim certain est plus importante lorsque les
choix sont proposés en séquence décroissante peplis le sont en séquence croissante
d’espérance mathématique. Cet effet est connu atitérature sous le nom deffet de
présentationf(aming effect Parmi les facteurs de décision, la probabil#épeérte apparait
comme la plus importante chez les enfants de ptu$ @ns. L'analyse des performances
observées a la lumiére de la théorie de l'espérahaité révele un comportement de
préférence pour le risque chez les plus de 5 amsxohérence de nos observations avec les
principes de la théorie des perspectives nous agmefin que ces derniers sont averses aux
pertes.

Les enfants de plus de 5 ans sont donc capablgalaés le risque de gain et de perte
relatif a une transaction risquée afin de maximlsar bénéfice. Quand on confronte leur
choix aux théories économiques, il apparait qudssedent une aversion a la perte, un biais
cognitif susceptible de limiter leur maximisatiomsdgains au méme titre que chez les adultes.
En effet, un coefficient d’aversion aux pertes’dedre de 2 implique que face a une décision
risquée avec une possibilité de perdre, les ind&id’acceptent de participer que si cette
décision peut également induire un gain d’'unedaill moins deux fois supérieure a celle de
la perte. Une telle attitude les améne a consdeurinvestissement plus longtemps, ce qui
peut conduire a des rendements moindres a longeteEn cas de crise financiéere, la
perspective d’'une perte importante peut égalemeaartemles individus a investir de facon
excessive et dangereuse. L'aversion aux perte® aéectée dans la plupart des pays. Il
existe cependant chez les adultes de fortes diiféseinterindividuelles dont les facteurs de
variation (niveau de confiance, de richesse, d’atloc) pourraient se mettre en place dés
I'enfance.
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Abstract

Taking risk is an integral part of children's atttes. We compared the response of children aged
between 3 and 9 years to the theoretical modekpe&ed Utility Theory (EUT) to investigate the
rationality of their decision-making and what fastainderlie their choice to trade in a food-
gambling task. We gave children the opportunity exchange a piece of cookie with an
experimenter for pieces of larger, equal or smallees. The chances of losing or gaining were
manipulated via successive combinations of rewprdsented in six aligned cups. Results showed
that children aged 3 to 4 years old were unabladgimize their benefit by adapting their exchange
behavior to the combinations of rewards. From Sryehildren traded according to the offered
combinations, and their decisions were negativajuced by the probability of losing. Better
abilities in estimating probabilities may help cinén to adjust their behavior. Children’ observed
decisions are subject to a framing effect, thoagiagy with winning combinations exchanged more
than those starting with losing combinations. Confing data to the EUT model indicates that
children aged over 5 were risk-seekers but alsealed inconsistencies in their choices. We show
that, according to Cumulative Prospect Theory (CRgy exhibited loss aversion. These findings
demonstrate that adult-like economic biases ocatly & childhood.

Keywords:gamble; exchange; decision-making; economicsgdadml; EUT; CPT
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1. INTRODUCTION

Throughout our daily activities we face choicesaiving some degree of uncertainty. This is true
in different social contexts and in particular fopbst transfers of goods or services. The expected
outcome of helping someone may be uncertain, f&aince, and it can be that even the promise of
return by the partner should not be trusted. Sudumstances occur early in life and taking risk is
an integral part of children's games; a commoniriigids that children are greater risk takers than
adults (e.g., Reyna & Ellis 1994; Schlottmann 208arbaughet al. 2002; Levin & Hart 2003). It
could be that they fail to understand the riskyuretof their surroundings, but it may be also that
they have a better tolerance to loss, or a poandenstanding of the consequences of one own
decision.

Classical economy developed different models ofsitme-making to account for behaviors of
individuals under risk. A situation is qualified asky when one can evaluate the odd of winning
and losing, but cannot predict the exact outcomehefdecision (Knight 1921). The Expected
Utility Theory (EUT), introduced by Von Neumann aktbrgenstern (1944) states that individuals
choose among risky prospects by comparing theieeeg utility values, based on their respective
probabilities (see Mas-Coletdlt al. 1995, and electronic supplementary material pBrtA rational
individual who is offered a choice between a Igtt@nd a certain amount is supposed to choose the
option with the higher expected value to maximimedxpected utility. Facing two choices offering
the same expected utility, risk-averse individusg#ect the certain outcome and risk-prone select
the lottery. When identical options are presentedifferent formats or in different wording,
rational individuals should not alter decisions €iisky & Kahneman 1981)

Adults are generally rational decision-makers @\ager 2005), but their decisions sometimes
deviate from EUT predictions (Tversky & KahnemarB19Plott & Smith 2008). For instance,
human buy lottery tickets although, according toTEthe expected value of the game (the chance
to win) is negative. Overweighing the probability unlikely outcomes is one of the cognitive
biases seen in risky contexts (Tversky & Kahnenm2ird11981; Kahneman & Tversky 1979). The
consequences of these biases are important in medixhere errors in probabilistic reasoning
sometimes lead overconfidence in assessing the afdaparticular diagnosis (Eddy 1982). These
biases are also detected in the financial worldreviemay involve strong losses (DelLoegal.
1990; Shiller & Summers 1990; Daniel al. 1998; Shiller 2002). Several errors in the judghudn
risk in adolescents have also been reported (@sffl990, 1995; Lamboat al. 2007). Children
appear to develop an understanding of risky econaituiations similar to the adult one at around
11-12 years of age (Murnighan & Saxon 1998; Reyrial& 1994; Harbaugket al. 2002; Levin &
Hart 2003). Children as young as 2 years of age emaer in exchanges with experimenters
(Steelandtet al. 2012), and from 4-5 years they display a good itiws understanding of
probability concepts in risky decision-making (Amsten 1991; Schlottmann 2001; Deniseinal.
2006). Harbauglet al. (2002) tested 5- to 13-year-old children in a gamhere they could choose
between a sure outcome (gain or loss) and a lottéhythe same expected value. Winning led to
obtain tokens that could be used afterwards totbyyg. They found that children underweighted
low-probability events and overweighed high-probigbiones. However, these results cannot be
generalized in the context of EUT since childrersdoh their value judgment on secondary
reinforcement and not on a direct evaluation ofitutiBesides, most experimental studies show
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important variation about how children evaluatkyigontexts. Classical economic models may
need to be adjusted to explain more reliably thasitens of children.

In this work, we tested the attitude towards riglkcloildren aged between 3 and 9 years in a
simple choice between a lottery and a certain euécdChildren were first endowed with an initial
piece of cookie that they could exchange for thetexat of one cup chosen at random among Six
visible. The food rewards contained in the cupdate larger, equivalent, or smaller in size than
the initial endowment making it possible to evatualirectly the utility of the outcome. We
manipulated the chances to win or lose and cordwbthie observed choices to the prediction of
rationality from the EUT model, i.e. the maximizatiof the expected utility. By investigating how
young children make decisions under risk, we aitoaedketermine the age at which economic biases
may occur, and which factors underlie their chaccgade or not.

2. METHODS
(a) Participants and conditions

Participants were 288 children (144 boys, 144 yfrtsm 3 to 9 years old, equally divided between
six age-groups (3- to 8-year-olds) of 48 childreache (24 girls and 24 boys) (see electronic
supplementary material part 1). Participants weteogean from middle-class backgrounds, with
English as their first language. The experimenkiplace at the Living Links to Human Evolution’
Research Centre in Edinburgh zoo. Ethical authbozao work with children was given by the
University of St-Andrews ethics committee, UTREEf¢rence n°PS5528). Children were recruited
upon their visit to the “Budongo trail”.

Children were first familiarized to the exchangsktan an initial training phase (see electronic
supplementary material part Il). Tests were coretliagh a small area (2.5 x 2 m) limited by four
occluders allowing an entire visual seclusion frpablic. Children were individually tested while
seated on a chair or on their parent's lap in fobrt square table (1 x 1 m). The apparatus causist
of six aligned plastic cups containing pieces ajkies of various dimensions.

(b) Exchange procedure

In each trial the experimenter first presentedrie band the initial piece of cookie of 4 x 0.5 & O.
cm, and in the other six aligned plastic cups dairtg pieces of cookie of various dimensions: 1 x
0.5 x 0.5 cm (small size), 4 x 0.5 x 0.5 cm (medgize) and 4 x 2 x 0.5 cm (large size - sequence
of four 4 x 0.5 x 0.5 cm pieces of cookies) (figue The experimenter gave the initial medium
piece of cookie to the child, and held out her gntyand offering the child the chance to give the
initial item back “Here is a piece of cookie andéhare others cookies. Do you prefer to keep the
cookie or do you want to swap it to have one og¢hene?”. If the child returned it, s/he received
the content of one cup chosen randomly. If thedattiose to keep the initial item, the experimenter
ended the trial, allowing the child to consume ithigal item or store it into a bag. Whatever the
choice of the child, the experimenter proceededh Wie next trial. The probability to lose and to
gain was manipulated via 11 combinations of twal¢reach (table 1). A first half of children were
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run in Condition A presenting a step by step desgea the chances to win from combinations # 0
to # 10 then a step by step increase in the chanogs from combinations # 10 to # 0. The other
half was run in Condition B presenting first graluancreasing chances to win then decreasing
chances.

R

Figure 1. Six plastic cups containing two pieces @bokie of 4 x 2 x 0.5 cm (sequence of four 4
x 0.5 x 0.5 cm - left position), two pieces of coigkof 4 x 0.5 x 0.5 cm (middle position) and two
pieces of cookie of 1 x 0.5 x 0.5 cm (right positip corresponding to the combination of
rewards #4.

Table 1. Number (#) and content of cups for each oabination of rewards. Small black
squares represent pieces of cookie of dimension 105 x 0.5 cm, medium black squares
represent pieces of cookie of 4 x 0.5 x 0.5 cm, atatge black square represent pieces of
cookie of 4 x 2 x 0.5 cm (sequence of four 4 x 6c®.5 cm pieces of cookie).

Combinations of rewards

# Content of cups # Content of cups

o
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(c) Analysis procedure and theoretical predictions

Under EUT, we assume that subjects evaluate valueatcomes in terms of utility, measured by
the area of each piece of cookie, because thegamsumption amounts (Clearfield & Mix 1999;
Mix et al. 2002). The item area of each option are weightethbir respective probabilitigs and
compared by the individuals as follows (see elentreaupplementary material part 11l and table
S1):

w(W) =) palx)

The utility function can take different mathematif@ms, but we chosa(y)=y° 7y, wherey is

the quantity of item andis the risk aversion parameter. Under the assempkiat children were
risk neutral § = 1), they should exchange rather than keep theumedem from combination # O
to # 8 when the expected utility was equal to ghkr than the utility of the certain initial amount
(see electronic supplementary material part Il talde S1). Conversely, children should refuse to
exchange in the last combinations (# 9 and # 10aume the expected utility was lower than the
utility of the certain outcome. As subjects are alptays neutral when facing risk (for risk neutral
individuals,d = 1), we need to assess a risk aversion pararde@nildren are risk aversé € 1)
when, between two options with identical expectaldies, they preferred the safer option, and risk-
seeking § > 1) when they choose the risky option (McCoy &tPR005). Detecting at which
combination children become indifferent between tisky and the certain item can be used to
deduce the risk aversion parameter values.

3. RESULTS

The decision to exchange was affected by age (GLM,2.6, p < 0.001), the younger children
exchanging less than the older children (figureT2js was particularly true for the 3- and 4-year-
olds (percentage of return = 25.8% and 42.2%) coedpt other groups (5 years: 54.3%; 6 years:
58.2%; 7 years: 56.3% and 8 years: 56.9%; seeratectsupplementary material table S2).
Children exchanged more (GLM, z = 1.4, p < 0.0@)“Wvinning only” (64.1%, combination # 0)
and “zero chances to lose” combinations (54.5%, kipation # 6) than for “losing only”
combination (26.2%; combination # 10). A combiné@éa of age and combination affected their
responses. Before 5 years, children discriminatdy lmetween “no chances to win” (combination #
10) and “no loss” (combinations # 0 and/or # 1).ox 5 years, all age groups discriminated
between “no loss” (combination # 0) and “no winbdiebination # 1), and both these combinations
were significantly discriminated from most of ththers (see electronic supplementary material
table S3). With respect to conditions — conditionvéh increasing chances to win then decreasing
chances, and condition B with decreasing chanaas iticreasing — we observed a framing effect;
children starting with winning combinations exchadgmore often than children starting with
losing combinations (GLM, z = 2.2, p < 0.05). Exabe rates were low for combinations with
highest probability of loss (# 9 and # 10) regasdlef the condition (GLM interaction condition x
combination, z = 1.2, p < 0.001).
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Figure 2. Percentage of returned items for each ageccording to the combination of rewards.
The bar indicates the threshold of 50% of exchangeCombinations with no common letters
differ significantly at P < 0.05.

We further assessed the effect of age, probalilitgain R, probability of losing B and
variables resulting from previous outcomesp:(@utcome received at the previous trialg O
cumulative outcome since the start of the mid-coowli Ocym: cumulative outcome since the start
of the testing session) on the response of childfeere was no significant effect of outcomes on
the percentage of exchange (GLM5:@=0.7,p=0.18;©z=0.1,p=099; @u:z=0.1, p =
0.94). Age (GLM, z = 5.8, p < 0.001), and probdiat of gaining (GLM, z = 4.5, p < 0.001) or
losing (GLM, z = -6.7, p < 0.001) significantly affted responses (table S4). The probability of
losing affected the responses of the 5-, 6- andaf-gplds more than any other factor. The 8-year-
old children took both the probability of gainingdathe probability of losing into account. A
similar trend was observed in 7-year-olds. The grage or return decreased with decreasing
expected utility and children exchanged signifibariéss often when the expected utility was
inferior to the certain amount (i.e. 1, for the donations # 9 and # 10).
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Table 2. Student's t-tests on the percentage of ah for each combination. Italic values indicate tlat the mean number of return for a
combination is significantly smaller than 50%; non-italic values indicate thatthe mean number of return for a combination issignificantly
higher than 50%. In dark grey: combinations for which children accepted to exchange for a specific cdmmation, but refused for the
following one; in light grey: combinations offeringthe same evaluation in the EUT at which childrentsould exchange at the same rate.

o Number of cups 3-4 years 5-6 years 7-8 years mean percent
Combinations -
4 Large Medium Small tvalue p t value p t value p of return
0 6 0 0 -1.73 0.09 7.09 <0.001 7.83 <0.001 64.07
1 4 2 0 -2.31 <0.05 4.23 <0.001 2.21 <0.05 54.34
2 4 0 2 -3.78 <0.001 2.44 <0.05 3.14 <0.01 51.90
3 3 1 2 -3.85 <0.001 2.92 <0.01 2.75 <0.01 52.30
4 2 2 2 -4.58 <0.001 1.85 0.07 1.18 0.25 48.09
5 2 0 4 -3.86 <0.001 -0.15 0.88 1.16 0.25 46.52
6 1 5 0 -5.05 <0.001 4.80 <0.001 4.32 <0.001 54.53
7 1 2 3 -3.29 <0.01 0 1 0.13 0.90 46.01
8 1 1 4 -4.78 <0.001 -0.31 0.76 1.73 0.09 45.13
9 1 0 5 -4.58 <0.001 2.42 1.96 49.31
10 0 0 6 -7.97 <0.001 -6.42 - -6.18 - 26.22
33.95 56.34 56.62
mean percent of return (3 years = 25.76; (5 years = 54.27, (7 years = 56.34;
4 years = 42.15) 6 years = 58.42) 8 years = 56.91)
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In view of the previous results, we conducted asedyon the three age categories: 3-4
years, 5-6 years, and 7-8 years to test whetharrisponse fitted with EUT. We compared
the frequency of choices of the lottery against 50% the frequency obtained if children
decided randomly whether to exchange or not. Irom@eance with EUT the percentage of
returned items for each age decreased from the icatidn of rewards # 0 to # 10. All
children presented a percentage of return sigmfigamaller than 50% only for combination
# 10 (table 2), which was not consistent with EU&dicting that, under risk neutrality €
1), children should not exchange for combinatior®sahd # 10 (see electronic supplementary
material part Ill and table S1). Given that riskutrality could not explain the behaviour of
children, we inferred the risk aversion parametgidbtecting the combination at which the
percentage of return became significantly lowemtb@% (i.e. the moment at which they
judged the transaction too risky). The low retuates of 3-4 years for most combinations
(inferior to 50%) did not allow finding this valu€or children aged 5-6 and 7-8 years, only
the certain loss combination (# 10) was the onevuch the percentage dropped under 50%
(table 2); we found > 1.17 which is > 1 and indicates that they werk-sisekers. Thus, risk
seeking children could be sequentially consistatit ®UT. Note that in the context of EUT
children should also exchange at the same ratedmbinations # 5 and # 6, offering the
same evaluation in the EUT (i.e. 1.5, see eleatranipplementary material table S1).
Contrary to this prediction, children aged 5-6 anfl years exchanged more often for the
combination # 6 than # 5 (table 2). Under EUT, sk parameter value can explain both
refusal to exchange for combination # 10, and peeiee to exchange for combination # 6
compared to # 5.

To account for children’s deviation from the ra@brchoice predicted by EUT, we
investigated whether their response can be betfgaiaed by another theoretical model, the
Cumulative Prospect Theory (CPT, see electroniplsapentary material part IV and table
S5). In this model, value is assigned to gains lasdes relative to a reference point rather
than to final wealth (Tversky & Kahneman 1992). €kes can depend on the level of the loss
aversion parameter and the level of the weightimgtion parameter, i.e. how children distort
probabilities. Although the utility of combinatio#s5 and # 6 is equivalent, the presence of
the potential for loss (presence of small piecesookies) in combination # 5, and its absence
in combination # 6, may explain the responses dfli@n. To examine this hypothesis, we
first made the assumption of no probability distort (fixing arbitrarilyy= 1), and we
determined the corresponding level of the losssawrmparameterA) based on the return rate
of the combinations # 5 and # 6. The return ratehdtiren aged 5-6 and 7-8 was higher than
50% for combination # 5 and # 6 (albeit not sigrafit for combination # 5, table 2), thus we
search the value of for which children accepted the gamble for botmbmmations, and for
which they exchanged more for combination # 6 thdan We found 1 < 2 for both age
categories (figure 3a); this indicates that chitdaged over 5 were highly loss averse: when a
loss was at stake, subjects accepted to exchartbe ifet potential gain was higher than at
least 1 ta2 times the loss.

If we make the assumption of no loss aversionr{fparbitrarilyh = 1), we can employ the
Kahneman and Tversky’s probability weighting funatiin order to findy, the probability
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distortion parameter. For both age groups, we deted the value of for which children
accepted the gamble for combinations # 5 and #i6exchanged more for combination # 6
than # 5. We found 0.32 < 1 for both age groups (figure 3b). This valueng®iat a strong
probability distortion. The function takes the sbag an inverse S-shaped with an inflexion
point close to a probability of 0.15; individualerpeived low probabilities under 0.15 higher
than their actual value, and high probabilitiesroDel5 lower than their actual value (see
electronic supplementary material figure S2B). Hesve for these values ofwe cannot
explain why children rejected the gamble for conakion # 10.

The loss aversion parametkrand the probability distortion parametercan also be
assessed together. For both categories, we detsintiie values ok andy based on the
conditions previously used, i.e. the return ratecombinations # 5 and # 6, and the
combination after which children rejected the gamblNe found that values ofwere
acceptable only whexn> 1 (figure 3c), indicating that loss aversion wasical in the choices
of 5-6 and 7-8 years old. For the probability distm parameter, all values ofwere
acceptable (< or > 1; figure 3c). For instanke; 2.5 andy = 0.6 meant that children were
loss averse, and overweighed low-probability evevitde underweighting high-probability
ones. As another example for acceptable valhiesl.5 andy = 1.3 meant that children were
loss averse, and underweighted low-probability e/evhile overweighting high-probability
ones. These results on loss aversion hold if thbalility weighting function is either convex
(or concave) for gains, and concave (or convex)dsses. Therefore, the non-linearity of the
value function (loss aversion) override the nomdinty of the weighting function, making
loss aversion the main discriminatory criteriorchoices of children aged over 5.
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Figure 3. Estimation of the loss aversion parameteh and the probability distortion
parameter y: a. Under the assumption of no probability distorton (fixing arbitrarily y=
1, grey continuous line), 1 A < 2; b. Under the assumption of no loss aversion xing
arbitrarily A = 1, grey continuous line), 0.32 < 1; c. Acceptable values for both loss
aversion and probability distortion parameters (grey area).
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4. DISCUSSION

All children engaged in a trading game providingyg@ical risky economic situation. Children
aged 3 to 4 years old displayed an exchange ré&gednto 50%, so we could not identify
risk-related biases in their decision-making. Astage, children display good performances
in delay-of-gratification tasks, including the eacige task (Mischedt al. 1989; Steelandtt

al. 2012); thus, the ability to control impulsivityei keeping the initial endowment instead of
eating it, was not a limiting factor in this studyesser abilities in probabilistic evaluation
may explain this failure as they only discriminatbdtween the no gain and no loss
combinations. In everyday life children commonlyceuanter binary choices (“you will have
or you won’'t have a dessert”), but are seldom sttkohito choices offering probabilities
(“you have a one in five chance to have a desseRd)lure in adapting their return to
combinations may also be due to the use of hetsjstie. intuitive judgment; for example
they may have used a rule consisting in summingctimeent of the six cups (‘I see a lot of
cookies, | try”).

Children aged 5-6 years were able to adapt thairnmeaccording to the combinations of
rewards. Responses were mainly based on the pfitpabilosing. This finding is consistent
with the development of probability estimation lgeab (Anderson 1991; Reyna & Brainerd
1994; Schlottmann 2001; Pange & Talbot 2003). Altftoprobably incomplete (Schlottmann
& Anderson 1994yan Leijenhorset al. 2008), the understanding of probabilistic rule$4in
year-old children, and its development with agévedd them to attempt optimizing their
benefits. Better performances were observed inratidren, aged 7-8 years, as they were
more discriminative with the combinations. Stihgtdecision was not always optimal given
that some children kept on exchanging for the “mo’wombination, and refused for the “no
loss” combination.

Our results show that decision-making was affedtgdseveral judgment errors. We
detected a framing effect; children starting wiilghhprobabilities of gain exchanged more
than children starting with low probabilities ofigaVariations in framing are known to affect
significantly decisions and risk-aversion in ad(lolt & Laury 2002; Lévy-Garbouat al.
2011). Individuals are risk-averse when presentét walue-increasing options, but more
risk-taking when faced with decreasing values (&hdl985; Linveille & Fischer 1991,
Kessleret al. 1996). Recent studies have reported that behaviesponses to framing may
vary according to the set-up used (Lévy-Garbetual. 2011). For example, high incentives to
win can have more impact on risk aversion than iloventives. Future research will have to
compare the framing effects detected in childreth Wiose found in adults.

When confronting data to the expected utility mod&ich states that agent are rational
decision-makers, we found that even if childrendageer 5 appeared to behave consistently
with EUT model with a risk-seeking attitude, sonesuits could not be explained in this
framework. Instead, the CPT model could explairteoethe biases observed. Specifically,
implementing a loss aversion parameter stronglyagx@d deviations from rational behavior.
The acceptable values of loss aversion parameteongrised between 1 and 2, which is
closed to Kahneman and Tversky's experimentallydatdd value of 2.25 for adults and
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adolescents (Kahneman & Tversky 1979; Tversky & m&@han 1992). This means that,
facing a risky decision, children accept to exclearighe net potential gain is higher than at
least 1 ta2 timesthe loss. In adults studies showed strong interdddal differences in loss
aversion, depending on the initial wealth and gl of trust and education (Feldman 2011).
The value of the parameter found in children suggdsat these factors may already affect
their behavior when facing risk. A second paramktewn to affect decision-making in risky
situations is probability distortion. It is ofteeported for adults in circumstances involving
extreme probabilities such as lotteries (Barberibldang 2008). Here, we found probability
distortion with children overweighting or underwelimg probabilities. However, the value
function (loss aversion) overrode the nonlineaoityhe weighting function. This makes loss
aversion the main process explaining children’ssies-making.

From an early age, children exhibit deviations fr@tional decision-making that appear to
be similar to adults. In the latter, some biase&h as loss aversion were shown to conduct to
negative profitability (Feldman 2011). Loss avemsican induce investors to keep their
investment for too long instead of selling asse&sulting in lower ex-post long-term
earnings, a well-known pattern of bias referredoathe disposition effect (Odean 1998). The
prospect of an important loss can lead people tesxrisk taking. Adult-like loss aversion in
children confirms that economic biases appear eirlghildhood. More generally, this
finding may have educational implications for deglwith risk-oriented attitudes. Children
aged over 5 years old can detect and try to athustisky situation, but they also start to take
more risk. This period appears determinant for parand teachers when teaching children
about risky behaviors and their negative conseggenc

The research was supported by a grant fromAtience Nationale de la RecherqAdNR-08-
BLAN-0042-01). The authors are grateful to all tiparents and children for their
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Electronic supplementary material
I/ Participants and conditions

The sample of 288 children was divided into six-ggeups: 3 years old (mean age + SEM =42.3 £
2.2 months), 4 years old (mean age = 54.3 + 4.2gdss old (mean age = 65.5 £ 1.9), 6 years old
(mean age = 78.0 + 3.4), 7 years old (mean age388.6) and 8 years old (mean age = 100.0 =
4.0). Equal numbers of girls and boys were testedaich of groups. Twelve additional children
whose parents had given consent were tested, vatexeluded from the dataset analyzed for being
outside of the appropriate age ranges, or for agtng attention to the tests. Eleven children had
already participated in previous experiments andewmiliar with the exchange procedure
(Steelandet al. submitted).

A letter and an information sheet describing theegal purpose of the study were given to the
parents who gave signed consent for their childrg@alrticipation. No financial remuneration was
offered, but children received the sweets they wlaring the testing session. A video camera
recorded the session after parental written cortsathbeen obtained.

[I/ Exchange procedure

The experimenter was unfamiliar to the childrenfoBe testing the experimenter introduced herself
to the child to put them at ease. Only one pareag allowed to stay with the child during testing.
Parents were instructed not to interfere by inft@communication or interactions during testirfg; i

a child sought interaction with parents, they wasked to draw the child’s attention back to the
experimenter without directing her/his responsgiee any hints of what s/he was supposed to do.
If the child wanted to interact with the experimamtshe repeated the instructions and encouraged
her/him to redirect her/his attention to the taBkiring testing children were seated on a chair
across from the experimenter.

The experiment lasted approximately 20 minutes.iriguthe training phase, each child was
asked to indicate a preference for either a smedlegpof cookie of dimension 1 x 0.5 x 0.5 cm or a
larger piece of cookie of dimension 4 x 0.5 x Ond. &€ach child selected the larger reward. Then,
the child was given the small piece of cookie, ad invited to return it to obtain the larger olie.
the child exchanged successfully, the test stattesihe failed, the request was repeated twice. If
nothing happened after 5 s, testing ending. Thiel els given a plastic bag to save cookies s/he
had obtained before the start of a new trial.

[1I/ Expected Utility Theory

Economic theoretical models require individualgdepect first-order stochastic dominance which
translate in our study by always exchanging whebPd@hances of winning and never exchanging
when 100% chances of losing. In our dataset, 24f7#e children always accepted to exchange at
the combination # 0 (no loss) and always refusetth@tcombination # 10 (no gain). Because the
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percentage of return at each combination betweesetlthildren and the whole population was
similar according to age, we further included thgadf all the tested children in the models.

Von Neumann and Morgenstern (1944) introduced thgpeBted Utility Theory stating
individual preferences with a mathematical functi@med as “utility function”. The utilities values
of options are weighted by their respective proliteds and compared by the individuals to
determine their choice. Lat= ((x, p),i = 1,...,n)denote a lottery whereis thei-th outcome, and
pi the corresponding probability. Rational individwétho is offered a choice between the lottery
and a certain amouriV is supposed to choose the option with the highgreeted value
maximizing their expected utility and to keep tlegtain amount if:

u(W) = Eflu(x)] & uw(W) = Zpiu(xij

The utility function may take different mathematif@rms, but we choose(y)=y°, /7y, wherey is

the quantity of item and is the risk aversion parameter. Evaluating eaem ivaluey is a
straightforward way to measure the item area. Thomller pieces of cookies of 1 x 0.5 x 0.5 cm
were valued 0.25, pieces of cookie of 4 x 0.5 xdrbwere valued 1, and larger pieces of cookie 4
x 2 X 0.5 cm were valued 4. As children could abtane randomly chosen piece of cookie among
the six offered, the evaluation of each combinatbrewards is described in table S1. For instance,
the combination # 3 containing 2 small, 1 mediunmd & large rewards was evaluated
E[u(#3)]=(2/6x0.28) + (1/6x¥) + (3/6x4) in EUT.

In each trial the experimenter offered the medit@mj and children had to choose between
keeping it or giving it back in order to obtain ooep of rewards. According to EUT children
should prefer the gamble to the medium item if éixpected utility of the gamble exceeded the
utility of the certain outcome (table S1). For arste, in #3 the gamble was preferred[if(#3)]>

(1)°.

IV/ Cumulative Prospect Theory

Under CPT, subjects evaluate the opportunity toy gle lotteryx = ((%, p),i = 1,...,n) by
computing a valuation functiovi(x) defined as follows:

n

VO =V(X)+VR)= Y 2R+ €3

i=m+1 i=1
wherex” = max(0,x); x=-max(0,-x)

The first element of CPT is to defime@n terms of net gains and losses, and to rank tiheomes of
the lottery in increasing order. The evaluationchion is defined over these two domains with
different decisions weightg and a specific value functior(.). The value function is analogous to
the utility function of EUT but is defined differtyp over gains and losses:
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y* .. y=0
v(y) = if
(y) {_Ayﬁ y<0

with A > 1 (loss aversion) and Ocsf < 1 (diminishing sensitivity)

The value function is generally concave on gaimsvex on losses, and kinked at 0. The loss
aversion parameterindicates that subjects are loss averaesifl, which means that in any choice
where a loss Kk is at stake, subjects accept the bet if the nieinpial gain is higher thak timesk.
Tversky and Kahneman (1992) experimentally idegdifa median value of = 2.25, indicating
pronounced loss aversion. In our study this valwellds mean that children accepted to lose a
medium piece of cookie if s/he could gain a pielcecokie with a size 2.25 times the medium piece
of cookie.

Here, gains and losses were amounts of cookieswbet directly consumed by children in
excess or less than the reference consumption artotio simplify, we used=p=1 (for piecewise
linear functions, figure S1). For instance, forldten using CPT in their choice, combination # 3
was perceived as an opportunity to realize 3 géinsarge instead of 3 medium items), each
evaluated 3 (4 - 1), and to incur 2 losses (2 sinatkad of 2 medium items), each evaluated -0.75
(0.25 - 1).

The second element explaining the choice of childuieing CPT in decision-making is the
weighting parameter. Individuals use weights ottontes instead of probabilities, represented by a
non-linear functionw(.) that is defined separately on the cumulative prdipabistribution of gains
(+) and losses (-):

ny = w (p)

i=1

T =w (ExD-w (Flr-))=w" (Zp}-) —w” (Zp}-) for2=i=m
j=1

=1

mf = wh (1 E(xi-0) —wr (L —E(x)) = w? ( p}-) —w* ( > p}-) form=t<n
1 j=i+1

i=

whereFy is the cumulative distribution function of lottexyThe probability weighting function put
forward in the literature is generally inverse $yséd. To simplify, we used (.) = w(.)=w (.) and
made our computations with the Tversky and Kahnefh@82) probability weighting function:
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p}’
(@ + (1 —p))

w(p) =

wherey is the probability distortion parameter, w (0) afid w (1) =1

This specific probability weighting function takése shape of an inverse S if /< 1, which is a
common characteristic of all weighting functionsofZalez & Wu 1999). In this functioy,both
controls for the level of the inflexion point anor fthe curvature. Tversky and Kahneman (1992),
Camerer and Ho (1994) and Wu and Gonzalez (199&) hatimated the weighting function to a
value of 0.56, 0.61 and 0.71, respectively. FigB&A gives an example with a valye= 0.6
estimated by Tversky and Kahneman, meaning thaéststperceive low probabilities (under 0.35)
higher and high probabilities (over 0.35) lowerrthaeir actual value. In adults studies showed
risk-seeking over small-probability gains and hggbbability losses, and risk-aversion over high-
probability gains and small-probability losses (lBky & Kahneman 1992).

The evaluation of each combination deeply depemdsabues chosen foy andA. Table S6
presents CPT evaluations of all combinations ofarels with no probability distortion, i.g.= 1,
and with no loss aversion, i.e= 1. For instance, foy= 1 (no probability distortion a&(p)=p)
andA = 2.25 (loss aversion), we would get V(# 3) = 1v@8ch would indicate that, according to
CPT, children should accept to exchange the initexh. A negative value would indicate that
children should keep the initial item.

Camerer, C. & Ho, T. 1994 Violations of the betwaess axiom and nonlinearity in probabilidy.
Risk Uncert8, 167-196.

Gonzalez, R. & Wu, G. 1999 On the shape of the gty weighting function.Cogn. Psychol.
38, 129-166.

Steelandt, S., Thierry, B., Whiten, A., Broihanié,-H. & Dufour, V. (submitted) The early
development of gifts and exchanges in children.

Tversky, A. & Kahneman, D. 1992 Advances in prospéeory: cumulative representation of
uncertaintyJ. Risk Uncert5, 232—-297.

von Neumann, J. & Morgenstern, O. 1944 Theory ahem and economic behavior. Princeton:
Princeton University Press.

Wu, G. & Gonzalez R. 1996 Curvature of the probgbilveighting function.Manag. Sci.42,
1676-1690.

- 134 -



Table S1. Evaluation of each combination of reward&llowing the Expected Utility Theory (&

is the risk aversion parameter), withd = 1 (neutral facing risk behavior). From combinaton #

0 to # 7, the expected utility is superior to theertain amount, and children should exchange.
For combination # 8, the expected utility is equatio the certain amount. For combinations # 9
and # 10, the expected utility is inferior to the ertain amount, thus children should not
exchange.

# EUT o=1 EUT evaluation

0 £ .(6/6) 4

1 R.(416)+P.(2/6) 3

2 £ .(4/6)+0.25.(2/6) 2.75 %

3 £ (3/6)+1.(1/6)+0.25.(2/6) 2.25 §

4 L.(2/6)+1.(2/6)+0.25.(2/6) 1.75 %

5 £ .(2/6)+0.25.(4/6) 1.5 é

6 £.(1/6)+L.(5/6) 1.5

7 £.(1/6)+1.(2/6)+0.25.(3/6) 1.125
s £ (UeP.(16)+028.406) 1 | EU = certain amount
9 Aweprosse) 0875 JEE

10 0.25.(6/6) 0.5 ogE
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Table S2. Comparisons of the mean percentage of veh between the different age-groups
using Tukey HSD pairwise comparison post-hoc tests.

Tukey HSD pairwise comparison test

age Z value p
3-4 3.37 0.13
3-5 5.94 <0.001
3-6 6.96 <0.001
3-7 6.40 <0.001
3-8 6.30 <0.001
4-5 2.59 <0.05
4-6 3.61 <0.05
4-7 3.03 <0.01
4-8 2.96 <0.01
5-6 1.03 0.91
5-7 0.42 0.99
5-8 0.39 0.99
6-7 -0.62 0.99
6-8 -0.64 0.98
7-8 -0.03 1
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Table S3. Tukey HSD pairwise comparison post-hocgés for combinations significantly differing by themean percentage of return.

3 years 4 years 5 years 6 years 7 years 8 years
combinations Z value p Z value p Z value p Zvalue p Z value p Z value p

1-0 -3.29 <0.05
4-0 -3.43 <0.05 -3.30 <0.05 -3.29 <0.05
5-0 -3.58 <0.05 -4.14 <0.0 -3.30 <0.05
7-0 -3.24 <0.05 -4.42 <0.001 -4.27 <0.001 -3.58 <0.05
8-0 -3.41 <0.05 -4.56 <0.001
9-0 -3.24 <0.05
10-0 -3.63 <0.05 -4.05 <0.01 -7.19 <0.001 -6.56 .080 -6.50 <0.001 -7.13 <0.001
10-1 -3.97 <0.01 -6.46 <0.001 -4.90 <0.001 -3.63 <0.05 -5.47 <0.001
10-2 -5.40 <0.001 -4.16 <0.001 -4.47 <0.001 335. <0.001
10-3 -5.24 <0.001 -5.33 <0.001 -4.61 <0.001 O07%5. <0.001
10-4 -5.55 <0.001 -3.57 <0.05 -3.63 <0.05 -4.39<0.001
10-5 -4.13 <0.01 -3.63 <0.05 -4.53 <0.001
7-6 -3.31 <0.05
8-6 -3.46 <0.05
10-6 -6.46 <0.001 -5.61 <0.001 -4.75 <0.001 0066. <0.001
10-7 -4.45 <0.001 -4.12 <0.001
10-8 -4.29 <0.001 -3.77 <0.01 -4.80 <0.001
10-9 -4.45 <0.001 -4.89 <0.001 -3.91 <0.01 04.8 <0.001
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Table S4. Influence of the probability of losing P (getting a small piece of cookie in this
trial), the probability of gaining P¢ (getting a large piece of cookie in this trial), ad the
interaction P_ x Ps on the exchange behaviors of children.

Variables 3 years 4 years 5 years 6 years 7 years8 years
z=-1.081 z=-0.345 z=-4267 z=-3.303 z=-2554 z=-3.777
™ (p=0.28) (p=0.73) (p<2e-5 (p<9e-4) (p<0.05 (p<2e-4)
z=1407 z=1499 z=0305 z=1370 z=1670 z=0.991
e (p=0.16) (p=0.13) (p=0.76) (p=0.17) (p=0.10) (p=0.32)
. z=0.683 z=-0364 z=1414 z=0.861 z=1866 =z=1.994
e (p=050) (p=0.72) (p=0.16) (p=0.39) (p=0.06) (p<0.05)

Table S5. Evaluation of each combination of rewardfollowing the Cumulative Prospect
Theory (without probability distortion and loss aversion).

CPT CPT
# no probability distortiony = 1 no loss aversiork = 1
0 0 6.(1-w(1))
1 3 6.(1-w(1/3))
2 4-0.5\ 6.(1-w(1/3))-3.375.w(1/3)
3 3-0.5\ 6.(1-w(1/2))-3.375.w(1/3)
4 2-0.5\ 6.(1-w(2/3))-3.375.w(1/3)
5 2-A 6.(1-w(2/3))-3.375.w(2/3)
6 1 6.(1-w(5/6))
7 1-0.75\ 6.(1-w(5/6))-3.375.w(1/2)
8 1-\ 6.(1-w(5/6))-3.375.w(2/3)
9 1-1.25\ 6.(1-w(5/6))-3.375.w(5/6)
10 1-1.5\ 6.(1-w(1))-3.375.w(1)
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Figure S1. Kahneman and Tversky evaluation functiofor a= = 1, A =2.25, and a
reference point of 1.
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Figure S2. A. Kahneman and Tversky probability weidpting function for y = 0.6 The

inflexion point is close to a probability of 0.35;individuals perceive low probabilities

under 0.35 higher than their actual value and highprobabilities over 0.35 lower than

their actual value. B. Probability weighting function for children aged over 5 years (0.32
< y< 1). For y=0.33, the inflexion point is close to a probability of 0L5; individuals

perceive low probabilities under 0.15 higher than heir actual value and high

probabilities over 0.15 lower than their actual vale.
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CHAPITRE 7

DISCUSSIONGENERALE
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A u cours de cette thése, j'ai cherché a déterncim@ment les compétences économiques
se mettent en place chez I'enfant. Dans un pretereps, j'ai étudié le développement
du don et de I'échange chez les enfants pour salisipouvaient les utiliser comme moyens
permettant de maximiser leur gain (Chapitre llIand une seconde partie (Chapitre V), jai
étudié la capacité des enfants a s’engager dansamsaction offrant un profit différé dans le
temps. La troisieme partie (Chapitre V) a eu pduectif de tester la capacité des enfants a
calculer leur investissement de facon rationnellels base de différentes offres. Enfin, dans
la derniere partie (Chapitre VI), j'ai étudié lactdté des enfants & maximiser leur bénéfice
dans une situation économique risquée.

Au terme de ce travail, plusieurs éléments de répgreuvent étre apportés concernant les
performances économiques des enfants. Il appardidtabord que les compétences de base
nécessaires a l'optimisation des bénéfices au cdumse transaction se mettent en place
progressivement au cours du développement. L'aitipmgies premiéres compétences, telles
que l'aptitude a donner ou a s’engager dans unn@eha’amorce des la premiére année de
vie avant méme que l'enfant puisse communiquer deniéne efficace avec son
environnement. Vers cing ans, les principales cdemp&s économiques semblent acquises
chez la plupart des enfants, bien que certainegssé#ent encore quelques années de
développement pour arriver a I'optimisation dess&muences de leurs décisions. La fin de la
petite enfance laisse place a des agents éconosnigpables de maximiser leur satisfaction
au cours d’'un échange avec une autre personneeadia contréle de I'impulsivité, le calcul
de l'investissement et I'appréciation du risquedli& transaction.

Le développement des compétences économiqueslise eraparalléle a I'acquisition des
outils cognitifs. Le fait que dans des environnetsewcioculturels variés les enfants suivent
une séquence similaire de développement socio4itbguiggere que l'apprentissage est
contraint par des mécanismes innés. Il en est pletrent de méme pour les compétences
economiques, ce qui peut expliquer les différep@sodes d’acquisition mises en évidence
dans cette étude.

1. LE DEVELOPPEMENT DES COMPETENCES ECONOMIQUES

Les recherches menées au cours de ce travail ontigpele préciser les compétences
économiques des enfants : leur engagement dansit@naction avec un partenaire inconnu,
leur tolérance face a une transaction offrant wfitpdifféré dans le temps, leur capacité a
calculer un investissement sur la base de I'offrediférents partenaires, et leur aptitude a
maximiser le bénéfice dans une situation risquéacduisition de ces compétences
correspond a ce que l'on connait des stades delogg@ement des capacités de calcul
numerique, de jugement temporel et de compréhenlgsretats mentaux d'autrui. La figure 2
présente sur une méme échelle temporelle les @awlitrouvés entre les périodes de
développement des compétences économiques migesdence dans cette these et les stades
connus de développement des capacités cognitivescales chez I'enfant. Mes résultats
mettent en évidence deux grands stades dans legsude développement des compétences
economiques, vers 2 ans et 4-5 ans.
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Figure 2 : Période d’émergence et de développemethes compétences économiques (données issues dafeétralisées au cours de cette
theése) et des capacités cognitives et sociales amgmdes enfants agés de 6 mois a 10 ans.
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4 ans : comprend 5-6 ans : résout des additions et
les probabilités soustractions orales
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1.1.Le bouleversement de la deuxieme année

Toute transaction implique un transfert de valesoas forme d’objets (ATICLE 1) ou
d’items alimentaires (ATICLES 1 a 4). Par conséquent, il était nécessaire gueréants
soient en mesure d’évaluer ce qui est donné etaageours des échanges proposés afin de
faire des choix optimaux. Des leur premiére anreeid, les enfants savent discriminer et
juger la valeur de quantités discrétes d’items t@utorth, 2005 ; Lipton & Spelke, 2004).

L’aptitude a estimer la valeur des récompenses,egtiun pré-requis indispensable a la
maximisation des bénéfices, n'a donc pas représentécteur limitant pour les enfants.

L’analyse des résultats de la premiére étude maptedes enfants reconnaissent trés tot
leur propre intérét au cours d’une transactionquesdes enfants refusant de donner un objet
a un partenaire acceptent de s’engager dans I'§ehborsque celui-ci leur propose une
récompense en retour RAICLE 1). Les enfants peuvent donc utiliser les aut@sgnnes
dans le but de maximiser leurs gains. Cependanggdanse principale des enfants révele
aussi une attitude pour le don dénuée d'intér&prps. La plupart des jeunes enfants peuvent
en effet donner facilement a un expérimentateurfaonilier, et chez les plus timides, le fait
d’avoir des freres et sceurs permettrait de conftrabar cette timidité. La maximisation des
bénéfices est plus tardive lors des échanges dai#stiet qualitatifs, les enfants acceptant de
s’engager dans I'échange a partir de 15 et 16 maspectivement (ATICLE 1). Il est
intéressant de noter que cette compétence seagiise durant '’émergence de I'aptitude a
attribuer des états mentaux a autrui, c'est-a-eltee 9 et 18 mois (Tomasello, 2007). Au
cours de cette période, les enfants comprennentleurs partenaires sont des agents
intentionnels, ce qui les aide a s’engager dansadigtés sociales (Tomasello, 1995). Peu
avant deux ans, ils améliorent cette faculté elagent activement avec le partenaire a la fois
les buts et les intentions des actions (Bratmaf2 19Tomasello, 2007 ; Tomasello et al.,
2005), ce qui peut rendre compte de 'augmentades performances d’échange vers 18-22
mois (ARTICLE 1). L’acquisition précoce d'une théorie de I'esmxplique également que la
plupart des enfants aient accepté de s’engager léandifférentes transactions avec un
partenaire inconnu. lls étaient en mesure de camdpeele but recherché et la maniere de
I'atteindre : utiliser 'échange pour maximiserbdénéfice méme s'il leur fallait attendre un
certain temps (ATICLE 2), et cela méme si le partenaire ou la transacgadait I'issue de
I'interaction incertaine (ATICLES 3 et 4). Ajoutons que la compréhension de ce gnsgou
croit le partenaire au cours de l'interaction apftabeaucoup plus tardivement (Gopnik &
Astington, 1988 ; Tomasello & Rakoczy, 2003 ; Welm 1990) et ne serait donc pas
nécessaire pour qu’un enfant maximise ses gaimseeptant de s’engager dans un échange.
Il N’en demeure pas moins que cette aptitude eshéranisme qui peut permettre de mieux
reconnaitre les attentes du partenaire et leslplites de tricherie associées a la transaction
(cf. section suivante). Outre I'effet probable decoompréhension du rble des autres dans
I'amélioration des performances des enfants, urdleneicontréle de soi pourrait également
leur permettre d’atteindre de meilleures perfornean¢ARTICLE 1). La progression des
enfants dans la premiére expérience coincide eh &fec ce que I'on sait de I'amélioration
des performances en termes de controle de I'imptdsaprés 18 mois.
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L’étude de la dimension temporelle de I'échangeodgpégalement de nouveaux éléments
de réponse dans ce domaine. Seuls deux enfantsade @&ur 24) confrontés a une longue
période d’attente ont été capables d’attendre pmatenir une récompense finale. Les
performances des enfants de 3 et 4 ans se sogeaviettement meilleures§ACLE 2). Cela
nous apprend que l'aptitude a contréler I'impulgvau cours d’'une transaction pourrait
émerger peu avant 2 ans. Plusieurs études ontaténstie acquisition de la maitrise de soi
entre 12 et 18 mois puis une amélioration rapidecet8 et 30 mois (Kopp, 1982 ; Piaget,
1952, 1954 ; Vaughn et al., 1984). Mes résultaeamnvent confirmer cette évolution dans un
contexte social d’échange dans lequel les enfamm$ Séquemment impliqués (échange

différé de cartes ou de billes a la récréationepample).

Notons que la fin de la premiére année de vielamtuisition du langage, dans le sens de
la communication linguistique (Owens, 2008 ; Tonlas€008). Avant méme qu'’ils puissent
communiquer de maniere efficace au travers du FmdgaVest & Rheingold, 1978), les
enfants de 14 mois comprennent comment maximisgrbdénéfice en s’engageant dans un
échange (ARTICLE 1). Méme si l'apprentissage du langage se pouastitela des 3 ans, c'est
principalement avant cet age que les transformatitenla communication verbale orale sont
les plus remarquables tant en compréhension quétugtion. L'acquisition du langage par
I'enfant se déroule en paralléle avec le dévelogp¢rde nombreuses aptitudes sociales et
cognitives (Carpenter et al., 1998). Notamment,rdalisation de certaines interactions
coopératives s’améliore avec son développementCl®96) ; bien que le langage ne soit
pas indispensable a I'enfant pour partager le hutedautre personne, son développement
facilite 'engagement actif des enfants avec leantgnaire (Carpenter et al., 1998 ; Tomasello
et al., 2005), et plus tardivement la compréhensierleurs états mentaux (Flavell, 1999 ;
Malle, 2002). Vygotsky (1962) a également mis earav'importance du langage en tant
gu’instrument utilisé dans le contréle de I'impul& ; mes données supportent cette idée,
puisque les enfants qui utilisaient des stratéggedistraction consistant a communiquer avec
leur parent avaient de meilleures performancesettite (ARTICLE 2).

Un long processus de développement apparait néeegsar que I'enfant devienne un
agent économique capable d’optimiser ses décisianpremier changement majeur se situe
durant la deuxieme année de vie quand I'enfant centbque s’engager dans I'échange peut
lui permettre de tirer des bénéfices immédiatsifférds dans le temps. Cette compétence se
développe durant une période clé d’acquisition Wsigurs facultés cognitives (évaluation
des biens échangés et compréhension du but dmkattion), située juste avant 2 ans et mise
en avant par plusieurs chercheurs (Eckerman & iPater2001 ; Piaget, 1972 ; Tomasello,
2007).

1.2.Vers la période décisive des 4-5 ans

L’aptitude précoce des enfants en termes d'évalmates quantités leur permet de
comparer sans difficulté la valeur des items doretéecus (Butterworth, 2005 ; Lipton &
Spelke, 2004). Pourtant, I'optimisation du compoat lors de transactions requérant un
calcul de l'investissement @YICLE 3) ou lors de transactions risquéeK{ELE 4) nécessite
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le développement de capacités arithmétiques phlmétes telles que compter ou estimer des
probabilités de gain et de perte. L’école joue @&l majeur dans I'apprentissage littéraire et

mathématique entre 3 et 11 ans (Esquivel et &b7R®ien que les enfants étaient en mesure
de maximiser la satisfaction retirée de leurs tmatisns au cours d’un investissement en se
basant uniguement sur des mécanismes approxirdatidalcul (rendre ou garder le plus ou le

moins d’items possibles selon le partenaire), les pe 5 ans comptaient spontanément le
nombre de récompenses finales obtenuesTIAE 3). Chez ces derniers, des capacités
arithmétiques plus avancées (Butterworth, 2005daloet al., 1992 ; Levine et al., 1992) ont

pu les aider a comparer les gains nets recus di&sedts partenaires et ainsi guider leur

décision. C’est également vers 5ans que se dégeltgp compréhension du concept de

probabilité (Acredolo et al., 1989 ; Denison et 8D06 ; Schlottmann, 2001), une capacité

ayant probablement contribué au succes des ergargsagés qui ont adapté leurs choix aux
combinaisons de récompenses offrant des probabilisriables de gains et de pertes

(ARTICLE 4).

Les enfants sont capables d’'attendre entre 5 $ ehrl afin de maximiser leurs gains
(ARTICLE 2). A 4 ans, ils font preuve d’anticipation quaitgl sont soumis a des délais
d’attente croissants. L’analyse du temps de rermoené dans la seconde étude montre en
effet qu’'ils prennent rapidement la décision dwathe ou non en fonction de la durée
(ARTICLE 2), ce qui indiqgue gu’ils anticipent que I'obtemti de la récompense leur
demanderait d’attendre plus longtemps qu'a l'egsacédent. J'ai pu démontrer des
mécanismes de décision similaires chez les enfdant8 et 4 ans chez qui la valeur de la
récompense offerte définissait leur décision degager dans la transaction : ces derniers
soutenaient des délais plus longs lorsque la réens®y plus importante, valait la peine
d’attendre, c’est a dire représentait une quaétie a au moins huit fois la quantité de I'item
initial (ARTICLE 2). Un tel comportement est rationnel, dans urem@ation colts/bénéfices,
quand le colt de l'attente est supérieur au biemnai au bénéfice retiré immédiatement. On
peut expliquer les performances croissantes a@ge lpar la notion qu’'ont les enfants de la
durée. L'aptitude a estimer la durée d’événementa comprendre le lien entre une décision
présente et ses consequences futures s’améliogs dpans (Friedman, 2003 ; Lemmon &
Moore, 2007 ; Poole et al., 2006). Certains auteurggérent également qu’'un meilleur
contrle de soi pourrait étre lié a la capacitéstimeer les intervalles de temps entre deux
evénements (Darcheville et al.,, 1992 ; Siegman,1)19&ette compréhension tardive des
durées pourrait expliquer les meilleures perforreanabservées chez les enfants plus agés.
Ajoutons que mon étude corrobore parfaitementéssitats de recherches montrant que les
enfants qui se donnent les moyens de freiner tapuisivité par des comportements d’auto-
distraction peuvent attendre plus longtemps (Mi#&eKarniol, 1976 ; Mischel et al., 1989,
1996 ; Toner & Smith, 1977). En effet, les enfgitss 4gés qui tentaient régulierement de se
distraire avaient plus de facilité a tolérer unegioe période d’attente ; en particulier, ceux
optant pour des stratégies non focalisées surdaitre étaient plus performants KACLE
2).

Dans un échange, une certaine maitrise de soigider a une prise de décision optimale.
On constate en effet que c’est entre 3 et 5 andeguenfants parviennent a maximiser leur
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bénéfice en calculant leur investissement facedifférents retours de partenaires d’échange
(ARTICLE 3) ; C’est également a partir de 5 ans que leanémfajustent leur comportement
face aux risques de gains et de pertes de la t@msan cours (ATICLE 4). Un contrble de
I'impulsivité mieux maitrisé avec I'adge pourraitrpeettre aux enfants de prendre le temps de
la réflexion avant de s’engager dans I'échange, éitant ainsi de se précipiter dans un
choix de consommation immédiat du ou des item(®rigé) avant méme que I'échange ne
Soit proposé par I'expérimentateur.

Il n’est pas rare de voir des enfants s’engaget deex camarades dans deux transactions
a la fois (échange de stickers) puis décider dioptair I'une ou l'autre des transactions ou
d’adapter leurs échanges en conséquence (BarrBtickanan-Barrow, 2005). La troisieme
étude révele que c’est assez tardivement au caurdéedfance, entre 4 et 7 ans, que les
enfants sont en mesure d'optimiser leur satisfacéa ajustant de fagon rationnelle leur
investissement sur la base du retour de différpatsenaires d’échange gAICLE 3). Ce
résultat a une implication majeure concernant Istige de deux conflits économiques en
parallele par les enfants : une telle compétenceadde une période de développement de
plusieurs années avant d’étre totalement maitrisée.

Malgré des facultés qui apparaissent matures dasgeprs domaines, I'étude de la prise
de décision des enfants met en évidence de nondsrearseurs cognitives. Mes résultats
montrent que certains biais rencontrés chez ledtemdyKahneman & Tversky, 1979 ;
Kahneman et al., 1982) peuvent étre détectés Gtéshez les enfants ; ces bais influencent
leurs décisions, les conduisant a ne pas prendradéeisions optimales. C’est le cas par
exemple de l'aversion a la perte détectée cheer&mts de 3 ans qui, pour éviter de perdre
totalement leur dotation initiale, préféraient gar@u moins un item alimentaire & chaque
essai (RTICLE 3). Ce méme biais est décelé plus tard dans kaiélne étude chez les plus de
5 ans qui acceptaient de s’engager dans une ttarsacsquée si le gain potentiel était
supérieur a au moins une a deux fois la perte itml’initial (ARTICLE 4). Ainsi, on peut
constater que certaines situations sont favorablesme détection plus précoce des biais
cognitifs. La situation d’échange risquée propas@e enfants a mis en évidence un effet de
présentationf(aming effedt un biais classique chez les adultes, indiquamt la maniéere
dont sont présentés les termes d’'un choix détertemeéponses des individus (Tversky &
Kahneman, 1981). Jai en effet observé qu'une ssice de combinaisons avec une
probabilité décroissante de gains incitait les etsfa échanger plus souvent que ceux testés
initialement avec des combinaisons présentant mperitante probabilité de perte (séquence
croissante de gains RAICLE 4). Ce biais est similaire a I'erreur de raisonaetic de la série
gagnante » fréquemment retrouvée chez les jouaursadino (Croson & Sundali, 2005 ;
Tversky & Kahneman, 1971). Un joueur manifesteidéshde « la série gagnante » lorsqu’une
succession de gains lui fait surestimer ses chategagner au prochain tour. Une différence
cependant existe avec ce que j'ai pu observer #asens ou les enfants débutant avec des
combinaisons offrant des probabilités importantegydins n’étaient pas assurés d’avoir une
suite de bénéficeDes biais cognitifs, présents a I'age adulte etepitsbles de limiter la
maximisation des gains, peuvent donc déja étretitentre 3 et 5 ans.
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2.LE DEVELOPPEMENT SOCIAL ET SES INFLUENCES

Nous venons de voir que le développement des cemged économiques se réalise de
facon paralléle a celui des facultés cognitivesdéeeloppement des capacités sociales parait
suivre le méme cours et constitue un indice supphdaire en faveur d’une évolution majeure
des compétences vers 4-5 ans. L'implication aaive partenaire d’échange tout au long de
la transaction a ajouté une composante social@’jasgégligée dans les recherches. Malgré
le caractére non familier du partenaire et le esdune potentielle défection de sa part, les
enfants ont accepté de s’engager dans les dif&syemansactions @iCLES 1 a 4). Les
résultats obtenus indiquent que la maitrise deotaptéhension des états mentaux vers 4-5
ans pourrait également jouer un réle important dBasiélioration des performances
economiques des enfants. C’est la période de déveoent au cours de laquelle les enfants
commencent a considérer les autres comme des agentaux susceptibles de posséder des
croyances et des pensées qui different des leuls let réalité (Tomasello & Rakockzy, 2003
; Wellman, 1990). Une meilleure compréhension defsea représente pour I'enfant un
moyen efficace de déterminer si le partenaire iggtedde confiance et détecter d’éventuelles
tricheries de sa part. La confiance facilite lam&ration sociale (Berg et al., 1995 ; Fehr &
Rockenbach, 2003 ; Fukuyama, 1995 ; Putnam, 1998pasidérée comme subjective, elle
permet de s’engager sur la base de croyancestetnd&s (Gambetta, 1988). Les enfants plus
agés ont pu ainsi accorder leur confiance au pairte(toujours honnéte dans la mesure ou il
ne changeait pas les régles de retour initialemenbncées), ce qui leur a permis de ne pas se
limiter a I'évaluation de sa fiabilité et de calkeuleur investissement en tempxRACLE 2) ou
en biens (RTICLE 3) et les risques liés a la transactior{&LE 4).

Deux des études ont mis en évidence I'importancBedgironnement social dans lequel
les enfants évoluent. J’ai montré que les enfaydsitades freres et sceurs s’engageaient plus
facilement dans le don et I'échange avec leur paremun partenaire étranger§AcCLE 1), et
gu'ils étaient capables d’attendre plus longtemgagr ppbtenir une récompenseRACLE 2).

De nombreux travaux nous avaient déja appris dotetaction entre fréeres et sceurs est un
facilitateur de socialisation qui leur permet dengjager plus facilement que les enfants
uniques dans une transaction avec un partenairdéanaiher (Grusec & Hastings, 2007). Par
ailleurs, le troc et le don sont parties intégrardes jeux sociaux entre enfants de la méme
famille qui expérimentent donc plus souvent legriattions économiques et apprennent les
normes associées a de tels échanges. La fratoedawegalement la capacité des enfants a se
contrdler : attendre son tour ou laisser se termine conversation sont autant d’expériences
leur permettant d’étre plus tolérants que les awdrdants face a I'attente.

On sait que le milieu social influence le potentigatif des enfants et le développement
de la théorie de I'esprit (Cicirelli, 1975 ; Jiabak, 1986 ; Miller & Maruyama, 1976 ; Runco
& Bahleda, 1987). Par exemple, les enfants ayamfréees et sceurs prennent conscience des
états mentaux d’autrui plus tét que les enfantquas, et ils réussissent plus précocement les
taches de fausse croyance qui leurs sont prop¢&esser & Keller, 2009 ; Youngblade &
Dunn, 1995). La vitesse de développement de larithée I'esprit est influencée par des
conversations plus fréquentes au sujet d’expérempessées et futures (Sutton & Keogh,
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2000). La participation a des jeux de simulatiomdaes de situations économiques, tels que
les jeux de faux semblant (Caravita et al., 2088)révele particulierement favorable aux

enfants qui endossent différents roles et comprengee ces roles induisent différents

comportements (Vygotsky, 1978). Le développemeétqre de la théorie de I'esprit associé
a I'expérience socio-communicative apportée paprissence d’une fratrie donne donc un

avantage considérable aux enfants pour appréhehderapidement le réle que le partenaire

va jouer au cours de la transaction, évaluer $alifeaet comprendre que sa coopération est
nécessaire pour maximiser leurs bénéficasr(@LES 1 a 4).

Au-dela de I'influence du nombre de fréres et sgaliserait nécessaire de poursuivre les
recherches en étudiant la place occupée par I'efarsein de la fratrie (réalisée a ce jour
uniquement dans la premiere étude) ainsi que Bhde sexe des freres et sceurs. Il se peut en
effet que des enfants ayant une différence d’agguéa n’aient pas la méme influence I'un
sur l'autre que des enfants d’ages rapprochés. ddebreuses études ont montré que, par
rapport a leurs ainés, les enfants derniers néslafipent des compétences sociales plus
rapidement car ils ont a la fois les adultes etrslefueres et sceurs comme modeles et
stimulateurs (McArthur, 1956 ; Miller & Maruyama916 ; Sutton-Smith & Rosenberg,
1966). Enfin, des enfants de méme sexe pourrarésepter des interactions plus riches que
des enfants de sexes différents (Dunn & Kendri€i81). Chez les investisseurs adultes, on a
mis en évidence des différences de comportemeldn #&s sexes en matiére d'épargne et
d’investissement, les hommes ayant tendance pRiseoptimistes, a avoir plus confiance en
leurs qualités d’investisseur et a prendre plusstpie que les femmes (Mangot, 2005). Bien
que l'effet du sexe des enfants sur leurs compagsnd’échange n’ait pas été démontré dans
mon travail, la premiere étude a mis en évideneeinteraction avec la présence de freres et
sceurs dans la fratrie R&ICLE 1) : les filles avec des fréres et sceurs avaemiance a
s’engager dans une transaction plus souvent queléssuniques et les gargcons ayant ou non
des freres et sceurs. Les choix économiques desterfaurraient donc dépendre en partie
d’une relation étroite entre leur sexe et I'envivement familial et social dans lesquels ils
évoluent.

3. COMPARAISON AVEC LES AUTRES PRIMATES

Le modele expérimental de I'échange utilisé chezpiemates non humains a permis de
comprendre dans quelle mesure ils pouvaient s'engdgns des transactions et quelles
facultés étaient nécessaires a leurs émergences. d@atravail de recherche, les procédures
expérimentales similaires appliquées aux enfantsnfesent ainsi une base comparative
importante. Les données acquises et les difficu#gsontrées chez d’autres especes dans ces
mémes taches permettent de mieux appréhenderpesses des enfants et de souligner les
contraintes qu'ils ont pu expérimenter.

S’engager dans des transactions sur la base destldiféchanges d’objets et de nourriture
est une activité maitrisée a la fois par les ees¢s enfants @ICLE 1) et les primates non
humains (Drapier et al., 2005 ; Lefebvre, 1982 mRayer et al., 2006 ; Westergaard et al.,
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2004). Tous possedent les compétences d'évaludtola valeur des biens nécessaires a
I'optimisation des bénéfices. Alors qu’ils ont difficultés a contréler leur impulsivité dans
des taches de choix de gratification retardée (Mibet al.,, 1989 ; Rosatt al, 2007 ;
Szalda-Petreet al, 2004), il apparait que les enfantRACLE 2), les singes capucins, les
macaques et les chimpanzés (Dufour et al., 2004¢& &t al.,2010, 2011 ; Ramseyer et al.,
2006) peuvent accepter des délais plus importantsque la procédure impligue une
composante sociale, c'est-a-dire au cours d'unngehéconomique. La seconde étude révele
en particulier que les enfants ages de 3 et 4 #endant plus longtemps pour des
récompenses plus importantes, de la méme manieréegisinges capucins (Ramseyer et al.,
2006) et les chimpanzés (Dufour et al., 2007).plbaaait également que la difficulté des
enfants de 2 ans a intégrer I'élément temporehdédhe ne constitue pas une limite chez des
enfants plus agés et chez les primates non humBies. similitudes entre espéces ont
également été trouvées en ce qui concerne le coempent des individus au cours de
I'attente. Utiliser des stratégies comportementgi@sr combattre son impulsivité n’est pas
exclusif des chimpanzés (Evans & Beran, 2007) paidgs enfants de 3 et 4 ans tentent
régulierement de détourner leur attention de litamtial ou de la récompense par des
comportements d’auto-distraction§ACLE 2).

Un résultat majeur de la seconde étude concernealgscités d’anticipation constatées
chez les primates non humains et les enfants s @joe les 2-3 ans ne parviennent pas a
anticiper les délais d’attente de plus en plus $oARTICLE 2), les autres especes de primates
en ont été capables (Dufour et al., 2007 ; Pebd.eP010), soulignant chez ces derniers des
capacités comparables en termes d’anticipatiorl@sa#’enfants agés d’au moins 4 ans. Les
résultats n’ont pas permis de révéler la limiteésigure a partir de laguelle une classe d’age
donnée ne tolére plus I'attente. Quelques enfant® ans ont en effet été capables d’attendre
16 min, la limite maximale fixée dans cette étullieserait nécessaire de renouveler cette
expérience avec des enfants de moins de 14 meisgobiune difficulté puisse résider dans le
besoin de maintenir leur attention et leur intéo@t au long de la séance de test. La plupart
des enfants de 3 et 4 ans se sont révélés capkbtamtréler leur désir de consommer I'item
initial durant 16 min, un temps atteint par quekyseajets non humains uniquement ; un tel
résultat suggére que les enfants de 3-4 ans pessamte aptitude a tolérer une gratification
retardée qui est en général supérieure a celleapegins, macaques et chimpanzés.

Au cours de la troisieme étude, j'ai montré quajtirement aux 3 ans, les enfants de
5 ans étaient en mesure d’ajuster leur investisserte fonction de la profitabilité de deux
partenaires d’échange gAICLE 3). Chez les primates, seul un macaque de Tonaean
réussir cette tache GXICLE 5 de I'annexe) indiquant des performances sendsadlcelles
des enfants de 3 a 5 ans. Les enfants de plus dan présentent donc de meilleures
capacités a calculer leur investissement que iesapes non humains. Bien que ces derniers
soit capables de prendre en compte la fiabilitépdetenaires d’échange sur la base de leurs
expériences communes passées (Brosnan & de W&, ;20hen et al., 2006 ; Mitchell &
Anderson, 1997), il est vraisemblable qu'un plusithaiveau de compréhension des états
mentaux d’autrui, développé chez les enfants vets ahs, leur procure des indices
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supplémentaires qui leur permettent d’adapter kwatégie d’échange face a plusieurs
partenaires.

L’analyse des résultats de la quatrieme étude mante les enfants, au méme titre que les
primates non humains, peuvent s’engager avec ugriexgntateur dans un échange de
nourriture comportant un risque de perte. Chezelgants de plus de 5 ansRACLE 4),
comme chez les orangs-outangs, les macaques deetld@a capucins bruns (Pelé et al.,
soumis), la probabilité de perte influence la déaoisde s’engager dans une transaction
risquée. On observe enfin une aversion a la per@rwne aux capucins bruns (Chen et al.,
2006) et aux enfants de plus de 5 ansT{8LE 4), un biais qui parait limiter la rationalité de
leur choix.

4.PERSPECTIVES

Au cours de ce travail, j’ai étudié chez I'enfapsdtompétences nécessaires pour optimiser
une transaction économique : donner et échangegpter de recevoir un bien différé dans le
temps, adapter son investissement au comportenesnpattenaires d’échange, accepter ou
non le risque inhérent a I'échange. Cette listestnfas exhaustive et d’autres compétences
peuvent étre utiles lors d’interactions économigu@s sait par exemple que l'aptitude a
négocier est couramment mise en ceuvre chez lestefans le cadre familial (chantage avec
les parents) ou scolaire (marchandage de cartesea jlurant les récréations). Etre capable de
faire monter le prix d’'un bien que I'on souhaiteerdre a une autre personne serait donc un
outil important dans la maximisation des bénéfi(érkrey, 1961). En dehors de toute
considération morale, un second atout résiderais tlaptitude & tromper le partenaire sur le
bien vendu, ou faire attribuer a I'acheteur plusvddéeur au bien vendu, des pratiques
couramment utilisées chez certains vendeurs ouldarsiratégies de marketing. Comprendre
a quel age les enfants peuvent utiliser le menspogearriver a tromper 'autre sur la valeur
d’'un objet reste encore a définir. A I'inversege#it fondamental d’étre en mesure de juger
rapidement et avec précision de la fiabilité d'amtenaire pour optimiser ses investissements.
On peut noter que les études réalisées au coucsttiethése impliquaient un ou plusieurs
partenaires honnétes qui offraient systématiquemaericompense espéeréer(dcLES 1 a 3)
ou qui ne changeaient pas les régles de retoialantent établies (ATICLE 4). La confiance
jouant un rdle majeur dans la décision d'invesiirest probable que les enfants ne
s’engageraient pas de la méme maniere dans desgéshdans lesquels le partenaire n’est
pas digne de confiance. L'étude du développememtlds compétences devrait faire I'objet
de recherches ultérieures.

Par ailleurs, le risque lié a la transaction eli&me a un impact important sur les décisions
des enfants. Nos résultats ont permis de décekedepenfants 4gés de 3 & 5 ans peuvent
présenter une certaine aversion a la peregA.ES 3 et 4), un biais couramment détecté chez
les adultes. La réticence a perdre I'item initiadgtnrecu n’est cependant pas le monopole de
tous les enfants, et on observe des différencesrindividuelles importantes. Il est
vraisemblable que la valeur accordée aux bienaxesarvices échangés differe d’'un enfant a
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'autre — et également d’'une culture a une autes énfants ne sont pas préts a céder un
méme objet pour le méme prix, ce qui laisse enirdaonécessité de mesurer pour chacun
d’entre eux leur attachement a I'item initial aval® pouvoir conclure sur leur aptitude a
s’engager dans une transaction et a maximisertisfagdion qu’ils en retirent. Dans cette
optique, on peut se demander si les enfants atrales de facilité a céder un item qui est
donné a chaque essai (comme je le proposais dardifiérentes études) ou bien I'un des
items gagnés précédemment et faisant alors pagtiewd cagnotte personnelle. On sait en
effet que les adultes ont tendance a prendre mussdue avec l'argent qu’ils viennent de
gagner, gu’il ne considéere pas encore comme le (effiet « argent du ménage »). L'age
auquel les enfants pourraient développer ce méaig taste a déterminer.

Mes recherches ont révelé I'importance de I'enviement familial et en particulier la
présence d’une fratrie sur les performances desnenflLes données recueillies n'ont pas
permis d’établir le réle pourtant non négligeabés gparents qui participent a I'apprentissage
de I'’économie chez leurs enfants et les familiatiserec les concepts économiques en portant
leurs discours sur les notions d’argent, de publiocu de profit (Chan & McNeal, 2003 ; Rose
et al., 1998). Les enfants parlant régulierementé@mnomie avec leurs parents pourraient
ainsi appréhender plus rapidement les notions diepet de bénéfices. Le milieu scolaire
joue un rbéle complémentaire a celui des parents dammise en place des compétences
économiques. On observe de grandes variationsrelldtsl dans I'enseignement : I'absence
d’école, une scolarisation tardive, des programrd&iucation scolaire différents ou
I'inadéquation du systeme scolaire aux besoinsri#gidus sont autant de facteurs pouvant
provoquer des décalages plus ou moins importants dfage d’acquisition des outils
cognitifs nécessaires au développement des congastéconomiques.

Un dernier point a approfondir concerne les difi€es interculturelles. Mes résultats
reposent sur I'étude d’enfants occidentaux en Fratcau Royaume-Uni. Il convient de se
demander dans quelle mesure les conclusions titéese travail sont généralisables a des
sociétés non occidentales. Il est probable queéleldppement des aptitudes cognitives
nécessaires a l'acquisition des compétences écquemisoit guidé par les contraintes du
milieu dans lequel I'enfant évolue, c’est-a-direttansmission des normes culturelles, les
habitudes sociales et les régles morales rencenéngasein de cultures différentes. Il se peut
également que la transmission du savoir nécesasaxénteractions économigues soit adaptée
a la maniere de vivre de chaque groupe, les comgeEdeétant acquises uniquement si elles
sont nécessaires a I'économie locale. Notons dnteitview des populations est longtemps
restée le moyen le plus répandu pour appréhendmntiue des aptitudes cognitives de
différents groupes culturels. Les approches a@sgeplus expérimentales, se devront d’étre
standardisées afin d’adapter les tests cognitdfesaenfants scolarisés ou non (Alcock et al.,
2008). Poursuivre ce travail chez des culturesdifférent par leurs normes économiques,
culturelles et sociales permettrait d’évaluer lgrdede généralité des résultats obtenus dans
cette these.

- 152 -



REFERENCES

- 153 -



Ackert, L.F., Charupat, N., Church, B.K., & DeavBs,(2006) An experimental examination
of the house money effect in a multi-period settiexperimental Economic¢8, 5-16.

Acredolo, C., O’'Connor, J., Banks, L., & Horobin, KL1989) Children’s ability to make
probability estimates: skills revealed through agtion of Anderson’s functional
measurement methodologyhild Developmen60, 933-945.

Addessi, E., Crescimbene, L., & Visalberghi, E.q2PDo capuchin monkey€e€bus apelln
use tokens as symbolBPoceedings of the Royal Society: Biological Scésn274, 2579-
2585.

Addis, D.R., Wong, A.T., & Schacter, D.L. (2008) &gelated changes in the episodic
simulation of future event®sychological Scien¢d9, 33-41.

Adler, R.P., Lesser, G.S., Meringoff, L.K., RobertsT.S., Rossiter, J.R., & Ward, S. (1980)
The effects of television advertising on childresview and recommendatiansexington
MA: D.C. Heath.

Akerlof, G.A. (1970) The market for lemons: qualitgcertainty and the market mechanism.
Quarterly Journal of Economic84, 485-500.

Albert, R.S., & Runco, M.A. (1989) Independence awhnitive ability in gifted and
exceptionally gifted boyslournal of Youth and Adolescend8, 221-230.

Alcock, K.J., Holding, P.A., Mung'ala-Odera, V., Bewton, C.R.J.C. (2008) Constructing
tests of cognitive abilities for schooled and umsdéd childrenJournal of Cross-Cultural
Psychology39, 529-551.

Allais, M. (1955) Fondements d’'une théorie des choix comportant sque Annales des
Mines.

Alter, A.L., & Oppenheimer, D.M. (2006) From a fik@an on sports to an exploration of
mechanism: the past, present, and future of hadl n@esearchThinking & Reasoningl?2,
431-444.

Anderson, N.H. (1991) Probability development. ITHNAnderson (Ed.)Contributions to
information integration theory: Vol. Ill. Developm@l. Hillsdale, NJ: Erlbaum, pp. 83-
108.

Anderson, S.P., Goeree, J.K., & Holt, C.A. (1998)th&oretical analysis of altruism and
decision error in public goods gamdeurnal of Public Economi¢§0, 297-323.

Andreoni, J.A., & Miller, J.H. (1993) Rational cosqation in the finitely repeated prisoner's
dilemma: experimental evidendeconomic Journall03 570-585.

Andreoni, J., & Miller, J.H. (2002) Giving accordjirto GARP: an experimental test of the
consistency of preferences for altruiggconometrica70, 737-753.

- 154 -



Aristote (1992)Ethique a NicomaquéParis : Librairie Générale Francaise.

Arrow, K.J. (1974)The limits to organizationdNew York: Norton.

Ashley, J., & Tomasello, M. (1998) Cooperative peoir-solving and teaching in
preschoolersSocial Development, 143-63.

Astington, J.W., Harris, P.L., & Oslon, D.R. (1983¢veloping theories of min€€Cambridge:
Cambridge University Press.

Atance, C.M., & Meltzoff, A.N. (2005) My future gelyoung children’s ability to anticipate
and explain future state€ognitive Developmen20, 341-361.

Atance, C.M., & O’Neill, D.K. (2001) Episodic futarthinking.Trends in Cognitive Science
5, 533-539.

Ayton, P., & Fischer, I. (2004) The hot hand fajlaand the gambler's fallacy: two faces of
subjective randomness$femory and Cognitior82, 1369-1378.

Axelrod, R., & Hamilton, W. (1981) The evolution cdoperationScience211, 1390-1396.

Baillargeon, R. (1994) Physical reasoning in younfants: seeking explanations for
impossible eventBritish Journal of Developmental Psychologg, 9-33.

Bakeman, R., & Adamson, L. (1984) Coordinatingratten to people and objects in mother-
infant and peer-infant interactiorShild Development5, 1278-1289.

Barberis, N., & Huang, M. (2008) Stocks as lotterighe implications of probability
weighting for security pricesmerican Economic Revie@8, 2066-2100.

Barberis, N., Huang, M., & Santos, T. (2001) Prasgbeory and asset priceQuarterly
Journal of Economicg,16, 1-53.

Barner, D., Thalwitz, D., Wood, J., Yang, S., & €arS. (2007) On the relation between the
acquisition of singular—plural morpho-syntax and ttonceptual distinction between one
and more than on®evelopmental Scienc&0, 365-373.

Barnett, K., Darcie, G., Holland, C.J., & KobasiggvwA. (1982) Children's cognitions about
effective helpingDevelopmental Psychologi8, 267-277.

Baron, J., Granato, L., Spranca, M., & Teubal, ©93) Decision-making biases in children
and early adolescents: exploratory studidstrill-Palmer Quarterly 39, 23-47.

Baron-Cohen, S., Leslie, A., & Frith, U. (1985) Bothe autistic child have a “theory of
mind”? Cognition 21, 37-46.

Baron-Cohen, S., Tager-Flusberg, H., & Cohen, [1993) Understanding others minds:
perspectives from autislew York: Oxford University Press.

- 155 -



Barrett, M., & Buchanan-Barrow, E. (200®)hildren’s understanding of societyHove:
Psychology Press.

Barth, H., La Mont, K., Lipton, J., Dehaene, S.ni@sher, N., & Spelke, E. (2006) Non-
symbolic arithmetic in adults and young childr@uognition 98, 199-222.

Barth, H., La Mont, K., Lipton, L., & Spelke, E.@R5) Abstract number and arithmetic in
preschool childrenProceedings of the National Academy of SciencetheofUSA 102,
14116-14121.

Bartsch, K., & Estes, D. (1996) Individual diffees in children’s developing theory of mind
and implications for metacognitiobearning and Individual Difference8, 281-304.

Bauer, P.J., Hertsgaard, L.A., & Dow, G.A. (1994)eEts of experience and reminding on
long-term recall in infancy: remembering not toget. Journal of Experimental Child
Psychology59, 353-382.

Baumeister, R.F., Heatherton, T.F., & Tice, D.MR4924)Losing control: how and why people
fail at self-regulation San Diego, CA: Academic Press.

Bechara, A., & Damasio, A.R. (2005) The somatic kaarhypothesis: a neural theory of
economic decisiorfzcames and Economic BehayisR, 336-372.

Bellemare, C., & Kroger, S. (2006) On represengtbocial capitalEuropean Economic
Review51, 183-202.

Beran, M.J. (2008) Capuchin monkey€epus apellp succeed in a test of quantity
conservationAnimal Cognition11, 109-116.

Beran, M.J., Evans, T.A., Leighty, K.A., Harris,He. & Rice, D. (2008) Summation and
quantity judgments of sequentially sets by capuchonkeys Cebus apella American
Journal of Primatology70, 191-194.

Berg, J., Dickhaut, J., & McCabe, K. (1995) Trustiprocity, and social historggames and
Economic Behavigrl0, 122-142.

Berti, A.E., & Bombi, A.S. (1988)The child's construction of economic€ambridge:
Cambridge University Press.

Bideaud, J., & Houdé, O. (1987) Représentationcayiqlie et résolution du probleme dit
d’inclusion.Archives de Psychologib5, 281-303.

Bijeljac-Babic, R., Bertoncini, J., & Mehler, J.993) How do 4-day-old infants categorize
multisyllabic utterancesRevelopmental Psycholog®9, 711-721.

Birch, S.A.J., Vauthier, S.A., & Bloom, P. (2008hr€e- and four-year olds spontaneously
use others' past performance to guide their legr@lognition 107, 1018-1034.

- 156 -



Bjorklund, D.F., & Kipp, K. (1996) Parental investmt theory and gender differences in the
evolution of inhibition mechanismBsychological Bulletin120, 163-188.

Blake, P.R., & Rand, D.G. (2010) Currency value srates equity preference among young
children.Evolution & Human BehavioB1, 210-218.

Blake, P.R., & McAuliffe, K. (2011) “I had so mudh didn’'t seem fair”: eight-year-olds
reject two forms of inequityCognition 120, 215-224.

Blaye, A., & Bonthoux, F. (2001) Thematic and taaomc relations in preschoolers: the
development of flexibility in categorization chogceBritish Journal of Developmental
Psychology19, 395-412.

Blaye, A., Chevalier, N., & Paour, J.-L. (2007) Tdevelopment of intentional control of
categorization behaviour: a study of children’satienal flexibility. Cognition, Brain,
Behavior 11, 791-808.

Blount, S. (1995) When social outcomes aren’t fiie effect of causal attributions on
preferencesOrganizational Behavior and Human Decision Proces§8, 131-144.

Bolton, G.E., & Ockenfels, A. (2000) A theory of wty, reciprocity and competition.
American Economic Revie@0, 166-193.

Bonvillain, N. (2010)Cultural anthropologyUpper Saddle River, NJ: Prentice Hall.

Bornhorst, F., Ichino, A., Kirchkamp, O., Schlag,, & Winter, E. (2004)How do people
play a repeated trust game? Experimental evideRNtmeo: University of Mannheim.

Bornhorst, F., Ichino, A., Kirchkamp, O., SchlagHK & Winter, E. (2006) Similarities and
differences when building trust: the role of cudisrExperimental Economic4,3, 260-
283.

Boyer, P. (2008) Evolutionary economics of mentakttravel.Trends in Cognitive Science
12, 219-223.

Boysen, S.T., & Berntson, G.G. (1995) Responsegumtity: perceptual versus cognitive
mechanisms in chimpanzeeRaf troglodytes Journal of Experimental Psychology:
Animal Behavior Processg?l, 82-86.

Brannon, E.M. (2002) The development of ordinal edoal knowledge in infancy.
Cognition 83, 223-240.

Brannon, E.M., Abbott, S., & Lutz, D.J. (2004) Nuenkbias for the discrimination of large
visual sets in infancyCognition 93, B59-B68.

Bratman, M.E. (1989) Intention and personal poficRhilosophical Perspectives, 443-
469.

- 157 -



Bratman, M.E. (1992) Shared cooperative actityilosophical Reviewl01, 327-341.
Bratman, M. (1992) Shared cooperative activitye Philosophical RevieW01, 327-341.

Braynov, S., & Sandholm, T. (2002) Contracting witircertain level of trusComputational
Intelligence 18, 501-514.

Breslow, L. (1981) Reevaluation of the literaturetbe development of transitive inferences.
Psychological Bulletin9, 325-351.

Bretherton, 1., & Beeghly, M. (1982) Talking abonnher states: the acquisition of an explicit
theory of mindDevelopmental Psychologi8, 906-921.

Broihanne, M-H., Merli, M., & Roger, P. (200B)nance comportemental&conomica.

Brookshire, D.S., & Coursey D.L. (1987) Measurihg walue of a public good: an empirical
comparison of elicitation procedur@snerican Economic Review7, 554-566.

Brosnan, S.F., & de Waal, F.B.M. (2009ebus apellaolerate intermittent unreliability in
human experimenterkiternational Journal of Primatologys0, 663-674.

Brosnan, S.F., Jones, O.D., Lambeth, S.P., MafenG,, Richardson, A.S., & Shapiro, S.J.
(2007) Endowment effects in chimpanzeesrrent Biology 17, 1704-1707.

Brossier, J. (1989) Risque et incertitude dansekstign de I'exploitation agricole : quelques
principes méthodologiques. In M. Eldin & P. Mill#ei (Eds.),Le risque en agriculture
Paris : Institut Francais de Recherche Scientifiomer le Développement en Coopération,
pp. 25-46.

Brunnermeier, M., & Parker, J. (2005) Optimal Exp#ions. American Economic Review
95, 1092-1118.

Buchan, N.R., Croson, R., & Solnick, S.J. (2008ustrand gender: an examination of
behavior and beliefs in the investment gandeurnal of Economic Behavior and
Organization 68, 466-476.

Buckner, R.L., & Carroll, D.C. (2007) Self-projemti and the brainTrends in Cognitive
Sciencesl], 49-57.

Bullock, M., Gelman, R., & Baillargeon, R. (1982hd development of causal reasoning. In
W.J. Friedman (Ed.)The developmental psychology of tiMiew York: Academic Press,
pp. 209-254.

Burris, V. (1982) The child’'s conception of econecmielations: a study of cognitive
socialization Sociological Focusl5, 307-325.

Burris, V. (1983) Stages in the development of ecoic conceptsHuman Relations36,
791-812.

- 158 -



Busby, J., & Suddendorf, T. (2005) Recalling yestgrand predicting tomorrovCognitive
Development20, 362-372.

Butterworth, B. (2005) The development of arithroati abilities. Journal of Child
Psychology and Psychiatrg6, 3-18.

Call, J. (2000) Estimating and operating on digrguantities in orangutand?gngo
pygmaeuys Journal of Comparative Psycholagyl4, 136-147.

Camerer, C., & Colin, F. (1998) Bounded rationality individual decision making.
Experimental Economicg, 163-183.

Camerer, C., & Ho, T. (1994) Violations of the beemness axiom and nonlinearity in
probability.Journal of Risk and Uncertaint§, 167-196.

Camerer, C., Issacharoff, S., Lowenstein, G., O@yhue, T., & Rabin, M. (2003)
Regulation for conservatives: behavioral economa&sd the case for asymmetric
paternalismUniversity of Pennsylvania Law Revigl®1, 1211-1254.

Canobi, K.H., & Bethune, N.E. (2008) Number wordsyoung children's conceptual and
procedural knowledge of addition, subtraction, arversion.Cognition,108 675-686.

Caplan, M., Vespo, J.E., Pedersen, J., & Hay, [L.891) Conflictand its resolution in small
groups of one- and two-year-old3hild Development62, 1513-1524.

Capon, N., & Kuhn, D. (1980) A developmental stuafyconsumer information-processing
strategiesJournal of Consumer Researdb, 77-94.

Caravita, S.C.S., Di Blasio, P., & Salmivalli, @009) Unique and interactive effects of
empathy and social status on involvement in buflyBocial Developmen18, 140-163.

Carlson, S.M., & Moses, L.J. (2001) Individual diftnces in inhibitory control and
children’s theory of mindChild Developmen2, 1032-1053.

Carpenter, T.P., & Moser, J.M. (1984) The acqusitf addition and subtraction concepts in
grades one through threlurnal for Research in Mathematics Educatibf, 179-202.

Carpenter, M., Nagell, K., & Tomasello, M. (1998dct&l cognition, joint attention, and
communicative competence from 9 to 15 months of Mgmographs of the Society for
Research in Child Developmef8, 1-174.

Carpenter, M., Tomasello, M., & Striano, T. (206&%)le reversal imitation and language in
typically developing infants and children with ami. Infancy, 8, 253-278.

Case, R. (1992The mind’s staircase: exploring the conceptual upgings of children’s
thought and knowledgélillsdale, NJ: Lawrence Erlbaum Associates.

- 159 -



Cepeda, N.J., Kramer, A.F., & Gonzalez de Sath€r, (2001) Changes in executive control
across the life span: examination of task-switchipgrformance. Developmental
Psychology37, 715-730.

Chan, K., & McNeal, J.U. (2003) Parent-child comneations about consumption and
advertising in ChinaJournal of Consumer Marke20, 317-334.

Charness, G., Du, N., & Yang, C.-L. (2010) Trusd a@rustworthiness reputations in an
investment gamdésames and Economic Behavi@R, 361-375.

Charness, G., & Rabin, M. (2002) Understanding aopreferences with simple tests.
Quarterly Journal of Economic417, 817-869.

Chen, M.K., Lakshminarayanan, V., & Santos, L.RI0&) How basic are behavioral biases?
Evidence from capuchin monkeys trading behawowurnal of Political Economyl14,
517-537.

Cherek, D.R., Moeller, F.G., Dougherty, D.M., & Riules, H. (1997) Studies of violent and
nonviolent male paroles: Il. Laboratory and psycktim measures of impulsivity.
Biological Psychiatry41, 523-529.

Chien, Y.C,, Lin, C., & Worthley, J. (1996) Effeat framing on adolescents’ decision making.
Perceptual and Motor Skil|83, 811-819.

Christie, R., & Geis, F. (197%tudies in Machiavelianisrilew York: Academic Press.

Cicirelli, V.G. (1975) Effects of mother and oldgbling on the problem solving behavior of
the older childDevelopmental Psychologyl, 749-756.

Cipriani-Crauste, M. (2000) Le jeu de pogs, un eplendle sociabilité enfantine. In D. Saadi-
Mokrane (Ed.)Sociétés et cultures enfantinédle : Université de Lille I, pp. 83-92.

Clark, H.H. (1996)Jsing languageCambridge, England: Cambridge University Press.

Clearfield, M.W., & Mix, K.S. (1999) Number versusontour length in infants’
discrimination of small visual seBsychological Scienc&0, 408-411.

Clearfield, M.W., & Mix, K.S. (2001) Infants' usd area and contour length to discriminate
small setsJournal of Cognition and Developme8f 243-260.

Clément, F., Koenig, M., & Harris, P.L. (2004) Ttwetogenesis of trusMind and Language
19, 360-379.

Clifton, R. (2001) Lessons from infants: 1960-20@@ancy, 2, 285-309.

Clotfelter, C.T., & Cook, P.J. (1993) The “gamb¢efallacy” in lottery play.Management
Science39, 1521-1525.

- 160 -



Coates, B., & Hartup, W.W. (1969) Age and verbdima in observational learning.
Developmental Psychology, 556-562.

Cochard, F., Nguyen Van, P., & Willinger, M. (2004)usting behavior in a repeated
investment gamelournal of Economic Behavior & Organizatidsb, 31-44.

Cohen, D. (2006)The development of play™3:dition New York: New York University
Press.

Conway, M.A. (2005) Memory and the seléurnal of Memory and Language3, 594-628.

Cook, K.V. (1977) The verbal and nonverbal sharing of 2- and 3-yedr-children.
Unpublished masters' thesis, University of Nortlaiaa at Chapel Hill.

Cooper, R.G. (1984) Early number development: disdiag number space with addition and
subtraction. In C. Sophian (EdQrigins of cognitive skillsHillsdale, NJ: Erlbaum, pp.
157-192.

Cooper, R., Dejong, D.V., Forsythe, R., & Ross, T(\096) Cooperation without reputation:
experimental evidence from the prisoner's dilemmamegs. Games and Economic
Behavior 12, 187-218.

Coricelli, G., Fehr, D., & Fellner, G. (2004) PastrSelection in Public Goods Experiments.
Journal of Conflict Resolutigd8, 356-378.

Corriveau, K.H., & Harris, P.L. (2009) Choosing yanformant: weighing familiarity and
recent accuracypevelopmental Scienc&2, 426-437.

Corriveau, K.H., Meints, K., & Harris, P.L. (200Bgrly tracking of informant accuracy and
inaccuracy by young childreBritish Journal of Developmental Psychology, 331-342.

Cournoyer, M., & Trudel, M. (1991) Behavioral cdates of self-control at 33 montHafant
Behavior and Developmerit4, 497-503.

Coursey, D.L., Hovis, J.J., & Schulze, W.D. (198He disparity between willingness to
accept and willingness to pay measures of valle Quarterly Journal of Economics
102, 679-690.

Cox, J.C. (2004) How to identify trust and reciptpcGames and Economic Behavids,
260-281.

Cram, F., & Ng, S.H. (1999) Consumer socialisatiyoplied Psychology8, 297-312.

Crone, E.A., Ridderinkhof, K.R., Worm, M., Soms&hJ.M., & van der Molen M.W. (2004)
Switching between spatial stimulus-response magpireggy developmental study of
cognitive flexibility. Developmental Sciencé, 443-455.

- 161 -



Croson, R., & Buchan, N. (1999) Gender and cultimgernational experimental evidence
from trust gamesAmerican Economic RevieRapers and Proceeding89, 386-391.

Croson, R., & Gneezy, U. (2009) Gender differenicepreferencesJournal of Economic
Literature, 47, 1-27.

Croson, R., & Sundali, J. (2005) The gambler’'saia}l and the hot hand: empirical data from
casinosJournal of Risk and Uncertaint80, 195-209.

Crozier, W.R. (2000phyness: development, consolidation, and changedon: Routledge.

Damon, W. (1980) Patterns of change in childreotsas reasoning: a two-year longitudinal
study.Child Developmen61, 1010-1017.

Daniel, K., Hirschleifer, D., & Subrahmanyam, A9@B) A theory of overconfidence, self-
attribution, and security market under and ovectieas.Journal of Finance53.

Danziger, K. (1958) Children’s earliest concepti@missconomic relationslournal of Social
Psychology7, 231-240.

Darcheville, J.C., Riviere, V., & Wearden, J. (19%2xed-interval performance and self-
control in childrenJournal of the Experimental Analysis of Behayif, 187-199.

Das Gupta, P., & Bryant, P.E. (1989) Young chiltserausal inference€hild Development
60, 1138-1146.

Davidson, D. (1991) Developmental differences inldthn’s search of predecisional
information.Journal of Experimental Child Psycholqg@2, 239-255.

Davidson, D., & Hoe, S. (1993) Children’s recalldarecognition memory for typical and
atypical actions in script-based storidsurnal of Experimental Child Psycholqogdys,
104-126.

Delalande J. (2003)a récré expliquée aux parents : de la maternell&éole élémentaire,
la vie quotidienne dans une cour d’écdparis: Louis Audibert.

DelLong, J.B., Shleifer, A., Summers, L.H., & Waldma&.J. (1990) Noise trader risk in
financial marketsJournal of Political Econom\8, 703-738.

Denant-Boémont, L., Malgrange, P., Masclet, D., &r¢marquette, C. (2008) L’économie
expérimentale comme outil d’aide a la décisioonomie et Prévisiqri82 1-6.

Denison, S., Konopczynski, K., Garcia, V., & Xu, 2006) Probabilistic reasoning in
preschoolers: random sampling and base rate. 8BuR.& N. Miyake (Eds.)Proceedings
of the 28 Annual Conference of the Cognitive Science Socidghwah, NJ: Erlbaum
Boston, pp. 1216-1221.

- 162 -



Desmezieres, C., & Lehodey, F. (19945 enfants et le machiavélisn@aen : Université de
Caen, Centre de Psychologie Sociale.

Dittmar, H. (1902)The social psychology of material possessions:awehs to beHemel
Hempstead, UK: Harvester Wheatsheaf.

Doherty, M., & Perner, J. (1998) Metalinguistic aem@ess and theory of mind: just two
words for the same thing?ognitive Development 3, 279-305.

Douglas, D.D., & Holt, C.A. (1993Experimental economic$’rinceton University Press,
Princeton: New Jersey.

Drapier, M., Chauvin, C., Dufour, V., Uhlrich, R, Thierry, B. (2005) Food-exchange with
humans in brown capuchin monkefsimates 46, 241-248.

Droit, S. (1994) Temporal regulation of behaviorttwian external clock in 3-year-old
children: differences between waiting and respordigation tasks.Journal of
Experimental Child Psycholog§8, 332-345.

Droit, S. (1995) Learning by doing in 3- and 4-ye#t children: adapting to tim&uropean
Bulletin of Cognitive Psycholog$4, 283-299.

Droit, S. (1995) Representing and adapting to timpreschool children. In M. Richelle, V.
De Keyser, G. D'Ydevalle & A. Vandierendonck (Ed3ime and the dynamic control of
behavior Liege, Belgium: Pdle d'attraction interuniversgapp. 167-179.

Droit-Volet, S. (1995) Learning by doing in 3- adtk-year-old children: adaptation to time.
Current Psychology of Cognitipf4, 283-299.

Droit-Volet, S. (1999) Time estimation in young Idnen: effects of response type and
familiarity. Current Psychology of Cognitiot8, 27-44.

Droit-Volet, S. (2000) L’estimation du temps : pegstive développementald.’année
psychologiquel00, 443-464.

Droit-Volet, S., & Gautier, T. (2000) Time estinatiin 3- and 5 %2 -year-old children: the
role of instructions as a function of the type esponseCurrent Psychology of Cognition
19, 263-276.

Dufour, V., Pelé, M., Sterck, E.H.M., & Thierry, B2007) ChimpanzeeP@n troglodytek
anticipation of food return: coping with waitingme in an exchange tasBournal of
Comparative Psycholog{21, 145-155.

Dunn, J. (1988The beginnings of social understandi@pambridge, MA: Harvard University
Press.

- 163 -



Dunn, J., & Kendrick, C. (1981) Social behavioryafung siblings in the family context:
differences between same-sex and different-sexsd@idld Development2, 1265-1273.

Eber, N., & Willinger, M. (2005).’économie expérimental®aris : Editions La Découverte.

Eckel, C.C., & Wilson, R.K. (2004) Whom to trust’hdice of partner in a trust game.
Unpublished

Eckerman, C.O., Whatley, J., & Kutz, S. (1975) THnewth of social play with peers during
the second year of lif@evelopmental Psychologil, 42-49.

Eckerman, C.O., Davis, C.C., & Didow, S.M. (198%ddlers’ emerging ways of achieving
social coordination with a peethild Developmen60, 440-453.

Eckerman, C.O., & Peterman, K. (2001) Peers arahtrgocial/communicative development.
In G. Bremner & A. Fogel (Eds.Blackwell handbook of infant developmehtalden,
MA: Blackwell, pp. 326-350.

Eddy, D.M. (1982) Probabilistic reasoning in clalienedicine: problems and opportunities.
In D. Kahneman, P. Slovic & A. Tversky (EdsJydgment under uncertainty: heuristics
and biasesCambridge: Cambridge University Press. pp. 24B-26

Eigsti, .M., Zayas, V., Mischel, W., Shoda, Y., dk, O., Dadlani, M.B., Davidson, M.C.,
Aber, J.L., & Casey, B.J. (2006) Predicting cogmiticontrol from preschool to late
adolescence and young adulthoBdychological Sciencé7, 478-484.

Eisenberg, N., & Fabes, R.A. (1998) Prosocial dgwelent. In N. Eisenberg (EdHandbook
of child psychology: Vol. 3, Social, emotional, gmersonality developmeniew York:
Wiley, pp. 701-778.

Esquivel, G.B., Lopez, E.C., & Nahari, S. (200Mandbook of multicultural school
psychology: an interdisciplinary perspectidahwah, NJ: Erlbaum.

Evans, T.A., & Beran, M.J. (2007) Chimpanzees @fedistraction to cope with impulsivity.
Biology Letters3, 599-602.

Evans, A.M., & Krueger, J.I. (2011) Elements ofstrurisk taking and expectation of
reciprocity.Journal of Experimental Social Psycholody, 171-177.

Fabricius, W.V., & Schwanenflugel, P.J. (1994) Tdlder child’s theory of mind. In A.
Demetriou & A. Efklides (Eds.)Intelligence, mind, and reasoning: structure and
developmentAmsterdam: Elsevier, pp. 111-132.

Falk, A., & Fischbacher, U. (2006) A theory of qacicity. Games and Economic Behavior
54, 293-315.

- 164 -



Fan, C.-P. (2000) Teaching children cooperatiom -application of experimental game
theory.Journal of Economic Behavior & Organizatiocfil, 191-209.

Fehr, E. (2004) Don’t lose your reputaticdature 432, 449-450.

Fehr, E., Bernhard, H., & Rockenbach, B. (2008)liEg&nism in young childrenNature
454, 1079-1083.

Fehr, E., Fischbacher, U., von Rosenbladt, B., fghu., & Wagner, G.G. (2002) A
nationwide laboratory. Examining trust and trustivoress by integrating behavioral
experiments into representative surve§shmoller's Jahrbughi22 519-542.

Fehr, E., & Gachter, S. (2000) Cooperation and ghunent in public goods experiments.
American Economical Revie@0, 980-994.

Fehr, E., & Gachter, S. (2002) Altruistic punishmenhumansNature 415 137-140.

Fehr, E., & Rockenbach, B. (2003) Detrimental dfeof sanctions on human altruism.
Nature 422 137-140.

Fehr, E., & Schmidt, K. (1999) A theory of fairnesempetition, and cooperatioQuarterly
Journal of Economicg,14, 817-868.

Feigenson, L., & Carey, S. (200@pontaneous ordinal judgments by pre-verbal infants
Poster presented at the International Conferendefant Studies. UK: Brighton.

Feigenson, L., & Carey, S. (2003) Tracking indiatku via object-files: evidence from
infants’ manual searclRevelopmental Sciencé, 568-584.

Feigenson, L., & Carey, S. (2005) On the limitsimfants' quantification of small object
arrays.Cognition 97, 295-313.

Feigenson, L., Carey, S., & Hauser, M.D. (2002) Tapresentations underlying infants’
choice of more: object files versus analog magmeisudsychological Sciencé&3, 150-156.

Feigenson, L., Carey, S., & Spelke, E.S. (2002pntd’ discrimination of number vs.
continuous extenCognitive Psychology4, 33-66.

Feigenson, L., Dehaene, S., & Spelke, E.S. (200de Gystems of numbeilrends in
Cognitive Sciences, 307-314.

Feldman, T. (2011) Behavioral biases and investfopmance.Algorithmic Finance.In
press.

Fershtman, C., & Gneezy, U. (2001) Discriminatioraisegmented society: an experimental
approachQuaterly Journal of Economic$16, 351-377.

- 165 -



Finucane, M.L., Slovic, P., Mertz, C.K., Flynn, &,Satterfield, T.A. (2000) Gender, race,
and perceived risk: the ‘white male’ effeekealth, Risk and Societ®, 159-172.

Fivush, R. (1984) Learning about school: the dgualent of kindergartners’ school scripts.
Child Developmen65, 1697-1709.

Fivush, R., Gray, J., & Fromhoff, F. (1987) Two-gedds talk about the pas€ognitive
Development2, 393-409.

Flavell, J.H. (1986) The development of childrekreowledge about the appearance-reality
distinction.American Psychologis#1, 418-425.

Flavell, J.H. (1992) Perspectives on perspectikenta In H. Beilin & P. Pufall (Eds.),
Piaget’s theory: prospects and possibilitiélisdale, NJ: Erlbaum, pp. 107-139.

Flavell, J.H. (1999) Cognitive development: childee knowledge about the mindnnual
Review of Psycholog$0, 21-45.

Flavell, J.H., Beach, D.R., & Chinsky, J.M. (19&§ontaneous verbal rehearsal in a memory
task as a function of ag€hild Developmen®B7, 283-299.

Flavell, J.H., Green, F.L., Flavell, E.R., & Lin,. N (1999) Development of children’s
knowledge about unconsciousne&shild Developmen0, 396-412.

Flavell, J.H., & Miller, P.H. (1998) Social cogmti. In D. Kuhn & R.S. Siegler (Eds.),
Handbook of child psychology, vol. 2: Cognitionrqeption, and languages” ed. New
York: Wiley, pp. 851-898.

Forzano, L.B., & Logue, AW. (1994) Self-control iadult humans: comparison of
gualitatively different reinforcerd.earning and Motivation25, 65-82.

Forzano, L.B., & Logue, A.W. (1995) Self-controldarmpulsiveness in children and adults:
effects of food preferencedournal of the Experimental Analysis of Behay&t, 33-46.

Fox, K.F.A., & Kehret-Ward, T. (1990) Naive thearief price: a developmental model.
Psychology and Marketing, 311-329.

Friedman, W.J. (1990) Children’s representationghef pattern of daily activitiehild
Development6l, 1399-1412.

Friedman, W.J. (2000) The development of childrekr®wledge of the times of future
eventsChild Developmen®1, 913-932.

Friedman, W.J. (2003) Arrows of time in early chibabd.Child Developmen4, 155-167.

Friedman, W.J. (2005) Developmental and cognitigespectives on humans’ sense of the
times of past and future evenitearning and Motivation36, 145-158.

- 166 -



Friedman, W.J., & Kemp, S. (1998) The effects aipskd time and retrieval on young
children’s judgments of the temporal distancesastgventsCognitive Developmenl 3,
335-367.

Friedman, W.J., & Kemp, S. (1998) The effects aipskd time and retrieval on young
children’s judgments of the temporal distancesastgventsCognitive Developmenl 3,
335-367.

Frith, U. (1989) Autism and "theory of mind". In Gillberg (Ed.),Diagnosis and treatment
of autism New York: Plenum Press, pp. 33-52.

Fukuyama, F. (1995)rust New York: Free Press.

Furnham, A.F. (1996) The economic socializationcbiidren. In P. Lunt & A. Furnham
(Eds.), Economic socialization: the economic beliefs anthadveours of young people
Cheltenham, UK: Edward Elgar, pp. 11-34.

Furnham, A. (1999) Economic socialisation: a studyadults' perceptions and uses of
allowances (pocket money) to educate childr&mitish Journal of Developmental
Psychologyl7, 585-604.

Furnham, A., & Lewis, A. (1986The economic mind. The social psychology of ecanomi
behaviour Brighton, UK: Wheatsheaf Books.

Furth, H. (1980)he world of grown-upfNew York: Elsevier.

Fuson, K.C. (1979) The development of self-regotataspects of speech: a review. In G.
Zivin (Ed.), The development of self-regulation through privggieechNew York: Wiley,
pp. 135-217.

Fuson, K.C. (1982) An analysis of the counting-ofuson procedure in addition. In T.P.
Carpenter, J.M. Moser & T.A. Romberg (EdsAddition and subtraction: a cognitive
perspectiveHillsdale, NJ: Erlbaum, pp. 67-81.

Gambetta, D. (1988) Can we trust trust? In D. Gatal&d.), Trust: making and breaking
cooperative relationsNew York: Blackwell, pp. 213-237.

Gasser, L., & Keller, M. (2009) Are the competdm tmorally good? Perspective taking and
moral motivation of children involved in bullyin§ocial Developmeni8, 798-816.

Gelman, R., & Meck, E. (1983) Preschoolers’ cougtiprinciples before skillCognition 13,
343-359.

Gergely, G., Nadasdy, Z., Csibra, G., & Biro, 998) Taking the intentional stance at 12
months of ageCognition 56, 165-193.

Ghetti, S., & Lee, J. (2011) Children’s episodicrnoey. WIRE’s Cognitive Science@, 365-
373.

- 167 -



Gilbert, D.T., & Wilson, T.D. (2007) Prospectionxperiencing the futureScience,317,
1351-1354.

Gilovich, T., Vallone, R., & Tversky, A. (1985) Thhot hand in basketball: on the
misperception of random sequendgsgnitive Psychologyl 7, 295-314.

Gonzalez, R., & Wu, G. (1999) On the shape of ttodgbility weighting functionCognitive
Psychology38, 129-166.

Gopnik, A., & Astington, J.W. (1988) Children’s wmdtanding of representational change
and its relation to the understanding of false dfelind appearance-reality distinction.
Child Development9, 26-37.

Griffiths, M.D. (1990) The cognitive psychology gambling.Journal of Gambling Studies
6, 31-42.

Griffiths, M.D. (1994) The role of cognitive biasd skill in fruit machine gamblindritish
Journal of Psychology85, 351-369.

Griffiths, M.D. (1995)Adolescent gambling.ondon: Routledge.

Grusec, J.E., & Hastings, P.D. (200Handbook of Socialization: theory and researblew
York: Guilford.

Guth, W., Schmittberger, R., & Schwarze, B. (1982)experimental analysis of ultimatum
bargainingJournal of Economic Behavior and Organizati@n367-388.

Guth, W., & Tietz, R. (1990) Ultimatum bargaininghavior - a survey and comparison of
experimental resultdournal of Economic Psychologyl, 417-449.

Hamond, N.R., & Fivush, R. (1991) Memories of migkeouse: young children recount their
trip to Disneyworld Cognitive Developmen®, 433-448.

Handlon, B.J., & Gross, P. (1959) The developméstharing behaviorJournal of Abnormal
and Social Psycholog$9, 425-428.

Hanus, D., & Call, J. (2007) Discrete quantity jodants in the great apelBgn paniscusPan
troglodytes Gorilla gorilla, Pongo pygmaelsthe effect of presenting whole sets versus
item-by-item.Journal of Comparative Psychologhy21, 241-249.

Harbaugh, W.T., & Krause, K. (2000) Children's @km in public good and dictator
experimentsEconomic Inquiry38, 95-109.

Harbaugh, W.T., Krause, K., & Berry, T.R. (2001) BR for kids: on the development of
rational choice behavioAmerican Economic Revie@l, 1539-1545.

Harbaugh, W.T., Krause, K., & Liday, S.G. (2003)rg&ining by children. University of
Oregon (manuscript non publi€).

- 168 -



Harbaugh, W.T., Krause, K., & Vesterlund, L. (200A)e adults better behaved than
children? Age, experience, and the endowment effattnomics Letters0, 175-181.

Harbaugh, W.T., Krause, K., & Vesterlund, L. (2002¥k attitudes of children and adults:
choices over small and large probability gains lmsdes Experimental Economic$, 53-
84.

Hardin, G. (1968) The tragedy of the commddsiencel62 1243-1248.

Harner, L. (1976) Children’s understanding of liragic reference to past and futudeurnal
of Psycholinguistic Research, 65-84.

Harris, P.L., Donnelly, K., Guz, G.R., & Pitt-WatsdR. (1986) Children's understanding of
the distinction between real and apparent emo@bimd Developmen7, 895-909.

Hauk, E., & Nagel. R. (2001) Choice of partnersnaltiple two-person prisoner’s dilemma
games: an experimental studgurnal of Conflict Resolutigd5, 770-793.

Hauser, M.D., Carey, S., & Hauser, L.B. (2000) Sppoaous number representation in semi-
free-ranging rhesus monkey&roceedings of the Royal Society: Biological Scsn267,
829-833.

Hauser, M.D., MacNeilage, P., & Ware, M. (1996) Naroal representation in primates.
Proceedings of the National Academy of SciencekSéf 93, 1514-1517.

Hawkes, K. (1991) Showing off: tests of an hypoih@bout men’s foraging goalsthology
and Sociobiologyl?2, 29-54.

Hay, D.F. (1979) Cooperative interactions and stggbetween very young children and their
parentsDevelopmental Psychologis, 647-653.

Hay, D.F., Caplan, M., Castle, J., & Stimson, Q. 2091) Does sharing become increasingly
“rational” in the second year of lifd?evelopmental Psychologg7, 987-993.

Hay, D.F., & Murray, P. (1982) Giving and requegtisocial facilitation of infants’ offers to
adults.Infant Behavior and Developmest 301-310.

Hayden, B.Y., & Platt, M.L. (2007) Temporal discoimgy predicts risk sensitivity in rhesus
macaquesCurrent Biology 17, 49-53.

Hinz, R.P., McCarthy, D.D., & Turner, J.A. (1997yéAwomen conservative investors?
Gender differences in participant-directed pendiorestments. In M.S. Gordon, O.S.
Mitchell & M.M. Twinney (Eds.),Positioning Pensions for the Twenty-First Century
Philadelphia: University of Pennsylvania Press,9ip103.

Hitchcock, D.F.A., & Rovee-Collier, C. (1996) Thdfest of repeated reactivations on
memory specificity in infantslournal of Experimental Child Psycholg@2, 378-400.

- 169 -



Hoemann, HW., & Ross, B.M. (1971) Children’s uredanding of probability concepts.
Child Developmen#2, 221-236.

Hoffman, M.L. (1982) Development of prosocial mativwn: empathy and guilt. In N.
Eisenberg (Ed.)The development of prosocial behavidew York: Academic Press, pp.
281-338.

Holm, H.J., & Nystedt, P. (2005) Intra-generatiotrakt - a semi-experimental study of trust
among different generation¥ournal of Economic Behavior & OrganizatidsB, 403-419.

Holt, C.A., & Laury, S.K. (2002) Risk aversion anttentive effectsAmerican Economic
Review92, 1644-1655.

Howe, N., & Ross, H.S. (1990) Socialization, pecsipe-talking, and the sibling relationship.
Developmental Psycholog®6, 60-65.

Howes, C. (1987) Social competence with peers imgachildren: developmental sequences.
Developmental Review, 252-272.

Hudson, J.A. (1990) The emergence of autobiographimemory in mother-child
conversations. In R. Fivush & J. Hudson (Ed&howing and remembering in young
children New York: Cambridge University Press, pp. 166-196

Hudson, J.A., Fivush, R., & Kuebli, J. (1992) Stsipnd episodes: the development of event
memory.Applied Cognitive Psycholog, 483-505.

Hudson, J.A., & Nelson, K. (1983) Effects of scrigitucture on children’s story recall.
Developmental Psychologi®, 625-635.

Hudson, J.A., Shapiro, L.R., & Sosa, B.B. (1995aring in the real world: preschool
children’s scripts and plans for familiar ever@ild Developmen66, 984-998.

Hughes, M., & Donaldson, M. (1979) The use of hidgames for studying the coordination
of perspectives€=ducational Revieywsl, 133-140.

Hughes, C., & Lecce, S. (2010) Early social cognitiin R.E. Tremblay, R.G. Barr, R.D.
Peters & M. Boivin (Eds.)Encyclopedia on early childhood developmekitontréal,
Québec: Centre of Excellence for Early Childhood@&@epment, pp. 1-6.

Huttenlocher, J., Jordan, N., & Levine, S.C. (1994)mental model for early arithmetic.
Journal of Experimental Psycholagh23 284-296.

Hyten, C., Madden, G.J., & Field, D.P. (1994) Exaj@delays and impulsive choice in adult
humansJournal of the Experimental Analysis of Behay&it, 225-233.

Isaac, M., Walker, J., & Williams, A. (1994) Grosjze and the voluntary provision of public
goods: experimental evidence utilizing large groujesirnal of Public Economi¢c$4, 1-
36.

- 170 -



Jahoda, G. (1979) The construction of economicityedly some Glaswegian children.
European Journal of Social Psycholo@y115-127.

Janssen, M., & Ahn, T.K. (2003) Adaptation vs. @pttion in public-good games. In J.
Rouchier, B. Edmonds & D. Hales (EdsProceedings of Model to model workshop
Marseille, France : GREQAM, pp. 16-35.

Jaswal, V.K., & Neely, L.A. (2006) Adults don't aws know best: preschoolers use past
reliability over age when learning new wor@sychological Sciencé,/, 757-758.

Jenkins, J.M., & Astington, J.W. (1996) Cognitivectors and family structure associated
with theory of mind development in young childré&evelopmental Psycholog82, 70-
78.

Jiao, S., Ji, G., & Jing, Q. (1986) Comparativedgtaf behavioral qualities of only children
and sibling childrenChild Development7, 357-361.

John, D.R. (1999) Consumer socialization of chitdra retrospective look at 25 years of
researchJournal of Consumer Resear@®6, 183-237.

Johnson, K., & Kopp, C.B. (1981)se of diversionary strategies: 2-year-olds in dagle
situation Paper presented at a meeting of the Society dse&ch in Child Development,
Boston, MA.

Jones, B., Steele, M., Gahagan, J., & Tedeschi1968) Matrix values and cooperative
behavior in the prisoner’s dilemma gardeurnal of Personality and Social Psycholp8y
148-153.

Jordan, N.C., Huttenlocher, J., & Levine, S.C. @9®ifferential calculation abilities in
young children from middle- and low- income fansli®evelopmental Psycholog28,
644-653.

Jordan, N.C., Huttenlocher, J., & Levine, S.C. @PBAssessing early arithmetic abilities:
effects of verbal and nonverbal response typesercalculation performance of middle-
and low-income childreri.earning and Individual Difference§, 413-432.

Kacelnik, A. (2003) The evolution of patience. In ®ewenstein, D. Read & R. Baumeister
(Eds.), Time and decision: economic and psychological pEospes on intertemporal
choice New York: Russell Sage Foundation, pp. 115-138.

Kahneman, D., Knetsch, J., & Thaler, R. (1990) Expental tests of the endowment effect
and the Coase theoreduaurnal of Political Econom\98, 1325-1348.

Kahneman, D., Knetsch, J.L., & Thaler, R.H. (198hpmalies: the endowment effect, loss
aversion, and status quo bidkte Journal of Economic Perspectiy8s193-206.

Kahneman, D., Slovic, P., & Tversky, A. (198R)dgment under uncertainty: heuristics and

-171 -



biases New York: Cambridge University Press.

Kahneman, D., & Tversky, A. (1979) Prospect thean: analysis of decision under risk.
Econometricad7, 263-291.

Kahneman, D., & Tversky, A. (1984) Choices, valaad framesAmerican PsychologisB9,
341-350.

Kahneman, D., & Tversky, A. (200@hoices, values, and frameSambridge: Cambridge
University Press.

Kessler, E.H., Ford, C.M., & Bailey, J.R. (1996)j&t valence as a moderator of the framing
effect on risk preferencdournal of Economic Behavior and Organizati@0, 241-256.

Knetsch, J. (1989) The endowment effect and eviel@ficion reversible indifference curves.
American Economic Reviewo, 1277-1284.

Knetsch, J. (1992) Preferences and non-reversibdit indifference curvesJournal of
Economic Behavior and Organizatiali, 131-139.

Knez, P., Smith, V.L., & Williams, A.W. (1985) Inddual rationality, market rationality, and
value estimationAmerican Economic Review®s, 397-402.

Knight, F.H. (1921Risk, uncertainty, and profiBoston: Houghton Mifflin.

Kochanska, G., Coy, K.C., & Murray, K.T. (2001) Tevelopment of self-regulation in the
first four years of lifeChild DevelopmenZ2, 1091-1111.

Kopp, C. (1982) Antecedents of self-regulation:eaalopmental perspectivBevelopmental
Psychology18, 199-214.

Kouider, S., Halberda, J., Wood, J., & Carey, 206 Acquisition of English number
marking: the singular-plural distinctiohanguage Learning and Developmg2t1-25.

Kreitler, S., & Kreitler, H. (1986) Development pfobability thinking in children 5 to 12
years oldCognitive Development, 365-390.

La Freniéere, P.J., & Ménard, J.-M. (1990) Le déppkment de la tromperie tactique chez le
jeune enfantEnfance 43, 361-373.

Lakshminaryanan, V., Chen, M.K., & Santos, L.R.(J2pD Endowment effect in capuchin
monkeys. Piiosophical Transactions of the Royal Society: Bgital Sciences363 3837-
3844.

Lambert, R., & Zaleska, M. (1966). Choix d'une stgie en fonction du mode de
présentation d’'une série aléatoire imaginaire d@guence connue et déterminants du
comportement rationneBulletin C.E.R.B.15, 17-38.

- 172 -



Lambos, C., Delfabbro, P.H., & Pulgies, S. (208dplescent gambling in South Australia
Adelaide: Report prepared for the Independent Gangdluthority of South Australia.

Lassarre, D. (1996) Consumer education in frenafilies and schools. In A. Furnham & P.
Lunt (Eds.),Economic socialization: the economic beliefs ankdav@urs of young people
Cheltenham: Edward Elgar, pp.130-148.

Lassare, D., & Roland-Levy, C. (1989) Understandihgdren’s economic socialization. In
K.G. Grinert & F. Olander (Eds.)nderstanding economic behaviouDordrecht, NL:
Kluwer Academic Publishers, pp. 347-368.

Leary, M.R. (1986) Affective and behavioral compotseof shyness: implications for theory,
measurement, and research. In W.H. Jones, J.M.kC&e®.R. Briggs (Eds.)Shyness:
perspectives on research and treatméfdw York: Plenum, pp. 27-38.

Ledyard, J.O. (1995) Public goods: a survey of érpental research. In J. Kagel & A. Roth
(Eds.),Handbook of Experimental Economid¢&inceton, NJ: Princeton University Press,
pp. 111-194.

Lefebvre, L. (1982) Food exchange strategies innéemt chimpanzeeJournal of Human
Evolution 11, 195-204.

Lefort, C. (2000)Les formes de I'histoire : essais d'anthropologitigue. Paris: Gallimard.

Leiser, D., Sevon, G., & Lévy, D. (1990) Childre@sonomic socialization: summarizing the
cross-cultural comparison of ten countrigsurnal of Economic Psychologyl, 591-614.

Lemmon, K., & Moore, C. (2001) Binding the selftime. In C. Moore & K. Lemmon (Eds.),
The self in time: developmental perspectinahwah, NJ: Lawrence Erlbaum Associates,
pp. 163-179.

Lemmon, K., & Moore, C. (2007) The development nidgence in the face of varying future
rewardsDevelopmental Scienc#0, 502-511.

Lempers, J.D., Flavell, E.R., & Flavell, J.H. (197he development in very young children
of tacit knowledge concerning visual percepti@®netic Psychology Monographsb, 3-
53.

Leslie, A.M. (1987) Pretense and representatiore trigins of “theory of mind”.
Psychological Reviey@4, 412-426.

Levin, I. (1977) The development of time conceptsybung children: reasoning about
duration.Child Developmen#8, 433-444.

Levin, I. (1986)Stage and structure. Reopening the debdtewood, NJ: Ablex.

- 173 -



Levin, I.P., & Hart, S.S. (2003) Risk preferences yioung children: early evidence of
individual differences in reaction to potential mgiand losseslournal of Behavioral
Decision Making16, 397-413.

Levin, I.P., Hart, S.S., Weller, J.A., & Harshm&nA. (2007) Stability of choices in a risky
decision-making task: a 3-year longitudinal studghwchildren and adultsJournal of
Behavioral Decision Makin@0, 241-252.

Levine, S.C., Jordan, N.C., & Huttenlocher, J. @P9Bevelopment of calculation abilities in
young childrenJournal of Experimental Child Psycholqds, 72-103.

Levine, M., & Spivack, G. (1959) Incentive, timenoeption and self-control in a group of
emotionally disturbed boydournal of Clinical Psychology, 110-113.

Lévy-Garboua L., Maafi H., Masclet D., & Terracol A. (A) Risk aversion and framing
effects.Experimental Econommich press.

Linveille, P.W., & Fischer, G.W. (1991) Preferendes separating or combining events.
Journal of Personality and Social Psycholo§§, 5-23.

Lipton, J.S., & Spelke, E.S. (2003) Origins of niankBense: large number discrimination in
human infantsPsychological Scien¢cé5, 396-401.

Lipton, J.S., & Spelke, E.S. (2004) Discriminatioinlarge and small numerosities by human
infants.Infancy, 5, 271-290.

Liszkowski, U., Carpenter, M., Striano T., & TombseM. (2006) 12- and 18-month-olds
point to provide information for othergournal of Cognition and Developmeft 173-
187.

Logue, A.W., & Chavarro, A. (1992) Self-control aimdpulsiveness in preschool children.
Psychological Recordl2,189-204.

Logue, AW., Forzano, L.B., & Ackerman, K.T. (199&elf-control in children: age,
preference for reinforcer amount and delay, anduage abilityLearning and Motivation
27, 260-277.

Logue, A.W., Peiia-Correal, T.E., Rodriguez, M.&.Kabela, E. (1986) Self-control in adult
humans: variation in positive reinforcer amount aleday. Journal of the Experimental
Analysis of Behavio#d6, 159-173.

Lundeberg, M.A., Fox, P.W., & Punccohar, J. (198#ghly confident but wrong: gender
differences and similarities in confidence judgnsedournal of Educational Psychology
86, 114-121.

Macar, F. (1988) Temporal regulation in childrerBeto 5-year-oldCahiers de Psychologie
Cognitive,8, 39-51.

- 174 -



Madden, G.J., Petry, N.M., Badger, G.J., & Bick&.K. (1997) Impulsive and self-control
choices in opioid-dependent patients and non-dsiggucontrol participants: drug and
monetary reward€xperimental and Clinical Psychopharmacolp§y256-262.

Malinowski, B. (1922)Argonauts of the western Pacific. An account ofwea¢nterprise and
adventures in the archipelagoes of Melanesian Neim&a London: Routledge & Kegan
Paul.

Malinowski, B. (1926)Crime and custom in savage societtpndon: Routledge & Kegan
Paul.

Malle, B.F. (2002) The relation between languagé #eory of mind in development and
evolution. In T. Givon & B.F. Malle (Eds.)The evolution of language out of pre-
language Amsterdam: Benjamins, pp. 265-284.

Mangot, M. (2005Psychologie de l'investisseur et des marchés firasdunod.

Marks, R. (1951) The effect of probability, desitdyg and ‘privilege’ on the stated
expectations of childredournal of Personalityl9, 332-351.

Marshall, H.R. (1964) The relation of giving chidr an allowance to children’s money
knowledge and responsibility and to other practioésparents.Journal of Genetic
Psychology104, 35-51.

Marshall, H.R., & MacGruder, L. (1960) Relationgveen parent money education practices
and children’s knowledge and use of morélild DevelopmenBl, 253-284.

Masangkay, Z.S., McCluskey, K.A., Mcintyre, C.W.imS-Knight, J., Vaughn, B.E. &
Flavell, J.H. (1974) The early development of iefezes about the visual percepts of
others.Child Development5, 357-366.

Mas-Colell, A., Whinston, M.D., & Green, J.R. (1996licroeconomic theory Oxford:
Oxford University Press.

Mauss, M. (1967The gift: forms and functions of exchange in arclencietiesNew York:
Norton.

Mazur, J.E. (1987) An adjusting procedure for singydelayed reinforcement: the effects of
delay and intervening events on reinforcement vdludl.L. Commons, J.E. Mazur, J.A.
Nevin & H. Rachlin (Eds.)Quantitative analyses of behavidtillsdale, NJ: Erlbaum, pp.
55-73.

McArthur, C. (1956) Personalities of first and sedahildren Psychiatry 19, 47-54.

McCoy, A.N., & Platt, M.L. (2005) Risk sensitive uv®ns in macaque cingulate cortex.
Nature Neuroscien¢®, 1220-1227.

- 175 -



McCrink, K., & Wynn, K. (2003) Large-number additicand subtraction by 9-month-old
infants.Development Scienceb, 776-781.

McNeal, J.U. (1964)Children as consumersAustin, TX: Bureau of Business Research,
University of Texas.

McNeal, J.U. (1992) The littlest shoppetsnerican Demographic4d4, 48-53.
McNeal, J.U. (1999T he kids market. Myths and realitidthaca, NY: James Madden.

McNeal, J.U., & McDaniel, S.W. (1981) Children’srpeption of retail stores: an exploratory
study.Akron Business and Economic Revig® 39-42.

Meichenbaum, D., & Goodman, J. (1971) Training iteme children to talk to themselves: a
means of developing self-contrdburnal of Abnormal Psychology7, 115-126.

Metcalfe, J., & Mischel, W. (1999) A hot/cool-systeanalysis of delay of gratification:
dynamics of willpowerPsychological Reviey, 3-19.

Miller, G.A., & Johnson-Laird, P.N. (1976)language and perceptionCambridge:
Cambridge University Press.

Miller, D.T., & Karniol, R. (1976) Coping strategieand attentional mechanisms in self-
imposed and externally imposed delay situatiofmurnal of Personality and Social
Psychology34, 310-316.

Miller, N., & Maruyama, G. (1976) Ordinal positioand peer popularityJournal of
Personality and Social Psycholg@g, 123-131.

Mischel, W. (1966) Theory and research on the adtexts of self-imposed delay of reward.
Progress in Experimental Personality Reseaf;l85-132.

Mischel, W. (1974) Processes in delay of gratifarat In L. Berkowitz (Ed.) Advances in
Experimental Social Psychologyew York: Academic Press, pp. 249-292.

Mischel, W., & Ayduk, O. (2004) Willpower in a coigne-affective processing system: the
dynamics of delay of gratification. In R.F. Baunteis& K.D. Vohs, (Eds.)Handbook of
self-regulation: research, theory, and applicatioNew York: Guilford Press, pp. 99-129.

Mischel, W., Cantor, N., & Feldman, S. (1996) Piites of self-regulation: the nature of
willpower and self-control. In E.T. Higgins & A.V\Kruglanski (Eds.)Social psychology:
handbook of basic principledlew York: Guilford Press, pp. 329-360.

Mischel, W., & Ebbesen, E.B. (1970) Attention inlade of gratification. Journal of
Personality and Social Psycholggy6, 329-337.

Mischel, W., Ebbesen, E.B., & Zeiss, A. (1972) Gtge and attentional mechanisms in
delay of gratificationJournal of Personality and Social Psycholpg$, 204-218.

- 176 -



Mischel, W., & Metzner, R. (1962) Preference folaged reward as a function of age,
intelligence, and length of delay intervaburnal of Abnormal and Social Psycholog¥,
425-431.

Mischel, H.N., & Mischel, W. (1983) The developmaeuit children's knowledge of self-
control strategie<hild Development4, 603-619.

Mischel, W., Shoda, Y., & Rodriguez, M.L. (1989)IBg of gratification in childrenScience,
244, 933-938.

Mitchell, R.W., & Anderson, J.R. (1997) Pointingitmholding information, and deception in
capuchin monkey<Jebus apella Journal of Comparative Psycholggyll, 351-361.

Mitchell, P., & Riggs, K.J. (2000Lhildren’s reasoning and the mindHove: Psychology
Press.

Mix, K.S., Huttenlocher, J., & Levine, S.C. (200Quantitative development in infancy and
early childhood New York: Oxford University Press.

Molm, L.D. (1994) Is Punishment effective? Coercsteategies in social exchandggocial
Psychology Quarterlyb67, 75-94.

Molm, L.D. (1997) Coercive power in social exchang€ambridge, UK: Cambridge
University Press.

Moore, C., Barresi, J., & Thompson, C. (1998) Thagritive basis of future-oriented
prosocial behavioiSocial Developmen?, 198-218.

Mortimer, J.T., Finch, M.D., Dennehy, K., Lee, & Beebe, T. (1994) Work experience in
adolescencelournal of Vocational Education Resear®, 39-70.

Moschis, G.P. (1987Consumer socialization: a life-cycle perspectitexington, MA:
Lexington Books.

Moses, L.J., Baldwin, D.A., Rosicky, J.G., & Tidhats. (2001) Evidence for referential
understanding in the emotions domain at twelve eaglditeen monthsChild Development
72, 718-735.

Mueller, E., & Brenner, J. (1977) The origins ot®d skills and interaction among playgroup
toddlers.Child Development8, 854-861.

Molm, L.D. (1997) Coercive power in social exchang€ambridge, UK: Cambridge
University Press.

Moore, C., Barresi, J., & Thompson, C. (1998) Thagritive basis of future-oriented
prosocial behavioiSocial Developmen?, 198-218.

-177 -



Moore, C., & Macgillivray, S. (2004) Social undemsting and the development of prudence
and prosocial behavior. In J. Baird & B. Sokol (Bd&ew directions for child and
adolescent developmer@an Francisco, CA: Jossey-Bass, pp. 51-62.

Mueller, E., & Brenner, J. (1977) The origins ot skills and interaction among playgroup
toddlers.Child Development8, 854-861.

Mumme, D.L., & Fernald, A. (2003) The infant as aoler: learning from emotional
reactions observed in a television scendZinld Developmen®4, 221-237.

Mundry, R., & Fischer, J. (1998) Use of statistipapgrams for nonparametric tests of small
samples often leads to incorrect P values: examiptes Animal Behaviour Animal
Behaviouy 56, 256-259.

Murnighan, J.K. (1991Yhe dynamics of bargaining gamé&nglewood Cliffs, NJ: Prentice
Hall.

Murnighan, J.K., & Saxon, M.S. (1998) Ultimatum gaining by children and adult3ournal
of Economic Psycholog$9, 415-445.

Murray, F. (1983) Learning and development throwgtial interaction and conflict: a
challenge to social learning theory. In L. Libend(k Piaget and the foundations of
knowledgeHillsdale, NJ: Erlbaum, pp. 231-247.

Myers, N.A., Clifton, R.K., & Clarkson. M.G. (198%Vhen they were very young: almost
threes remember two years alydant Behavior and Developmed0, 123-132.

Myers, N.A., Perris, E.E., & Speaker, C.J. (199#)yFmonths of memory: a longitudinal
study in early childhoodviemory 2, 383-415.

Neelin, J., Sonnenschein, H., & Spiegel, M. (1988)further test of non-cooperative
bargaining theoryAmerican Economic Revie®8, 824-836.

Nelson, K. (1993) The psychological and social iosgof autobiographical memory.
Psychological Sciencd, 7-14.

Nelson, K., & Fivush, R. (2004) The emergence dbbhiographical memory: a social cultural
developmental theorysychological Reviewl11, 486-511.

Neugebauer, T., Perote, J., Schmidt, U., & Loos, (RD09) Selfish biased conditional
cooperation: on the decline of cooperation in regg@ublic goods experimentiournal
of Economic Psycholog80, 52-60.

Niederle, M., & Vesterlund, L. (2007) Do women shway from competition? Do men
compete too muchQuarterly Journal of Economi¢c422 1067-1101.

Nofsinger, J.R. (2005Jhe psychology of investment® 2dition Upper Saddle NJ: Prentice
Hall.

- 178 -



Nukaga, M. (2008) The underlife of kids' schooldhtime: negotiating ethnic boundaries and
identity in food exchangdournal of Contemporary Ethnograpi87, 342-380.

Odean, T. (1998) Are investors reluctant to reatmar losses3dournal of Finance53, 1775-
1798.

O’Leary, K.D. (1968) Effects of self-instruction ommmoral behavior. Journal of
Experimental Child Psycholog§, 297-301.

Olson, M. (1965)rhe logic of collective actiofCambridge, MA: Harvard University Press.

Olson, D. (1993) The development of representatitims origins of mental lifeCanadian
Psychology34, 293-306.

Owens, R.E. (2008)anguage development: an introductieii' edition). Boston, MA: Allyn
& Bacon.

Palan, K.M., & Wilkes, R.E. (1997) Adolescent-pdrertieraction in family decision-making.
Journal of Consumer Researdd, 159-169.

Pange, J., & Talbot, M. (2003) Literature surveyl amildren and their perception of risk.
ZDM, 35, 182-186.

Pasquini, E., Corriveau, K., Koenig, M., & HarriB,L. (2007) Preschoolers monitor the
relative accuracy of informantevelopmental Psychologg3, 1216-1226.

Patterson, C., & Mischel, W. (1976) Effects of teatpn-inhibiting and task-facilitating
plans on self-controllournal of Personality and Social Psycholp8g, 209-217.

Peake, P.K., Hebl, M., & Mischel, W. (2002) Strategttention deployment for delay of
gratification in working and waiting situatiori3evelopmental Psychology8, 313-326.

Pelé, M., Broihanne, M.H., Thierry, B., Call, J.,Bufour, V. (soumis) To bet or not to bet?
Decision-making under risk in non-human primates.

Pelé, M., Dufour, V., Micheletta, J., & Thierry, B2010) Long-tailed macaques display
unexpected waiting abilities in exchange tagksmal Cognition13, 263-271.

Pelé, M., Micheletta, J., Uhlrich, P., Thierry, B.,Dufour, V. (2011) Delay maintenance in
Tonkean macaquesVicaca tonkeanaand brown capuchin monkey€dbus apelln
International Journal of Primatolog\d2, 149-166.

Perner, J. (1991)nderstanding the representational miri@ambridge, MA: MIT Press.

Perner, J., & Lang, B. (1999) Development of themfrynind and executive contrdirends in
Cognitive Science8, 337-344.

- 179 -



Perner, J., Leekam, S.R., & Wimmer, H. (1987) Thyear-olds difficulty with false belief:
the case for a conceptual defi@titish Journal of Developmental Psycholog§y125-137.

Perner, J., Mauer, M.C., & Hildenbrand, M. (201dégntity: key to children’s understanding
of belief. Science333 474-477.

Perner J., & Ruffman, T. (1995) Episodic memory aadtonoetic consciousness:
developmental evidence and a theory of childhoodemma.Journal of Experimental Child
Psychology59, 516-548.

Perner, J., Ruffman, T., & Leekam, S.R. (1994) Thed mind is contagious: you catch it
from your sibs Child Developmen65, 1228-1238.

Perris, E.E., Myers, N.A., & Clifton, R.K. (1990)ohg-term memory for a single infancy
experienceChild Developmen6l, 1796-1807.

Phillips, A.T., Wellman, H.M., & Spelke, E.S. (200mhfants’ ability to connect gaze and
emotional expression to intentional acti@Qugnition 85, 53-78.

Piaget, J. (1926Jhe language and thought of the chidew York, NY: Harcourt Brace.
Piaget, J. (1952 he child’s conception of numbérondon: Routledge & Kegan Paul.

Piaget, J. (1954)he construction of reality in the chiltlew York: Basic Books.

Piaget, J. (1972) Development and learning. In CaSattelly & F. Stendler (Eds.Reading
in child behavior and developmeiew York: Hartcourt Brace Janovich.

Piaget, J., & Inhelder, B. (1966&p psychologie de I'enfanParis: Presses Universitaires de
France.

Piaget, J., & Inhelder, B. (1979he origin of the idea of chance in childrdParis: Presses
Universitaires de France.

Pinker, S. (2003) Language as an adaptation todpeitive niche. In M.H. Christiansen & S.
Kirby (Eds),Language evolutiarOxford: Oxford University Press, pp. 16-37.

Plott, C.R., & Smith, V.L. (2008Handbook of experimental economics resulisisterdam:
North Holland Press.

Poole, C., Miller, S.A., & Church, E.B. (2006) Agasd stages-how children develop a sense
of time. Early Childhood Today20, 20-25.

Popper, E.T. (1979). Mothers mediation of childsepurchase requests. In N. Beckwith
(Ed.), AMA Educator’s Proceeding<hicago, IL: American Marketing Association, pp.
645-648.

- 180 -



Potter, M.C., & Levy, E. (1968) Spatial enumeratigithout counting.Child Development
39, 265-272.

Povinelli, D.J. (2001) The self: elevated in conssiness and extended in time. In C. Moore
& K. Lemmon (Eds.),The self in time: developmental perspectivB&ahwah, NJ:
Lawrence Erlbaum Associates, pp. 75-95.

Premack, D., & Woodruff, G. (1978) Does the chingmn have a theory of mind?
Behavioral Brain Sciengd, 515-526.

Putnam, R. (1993Wlaking democracy work: civic traditions in modetaly. Princeton, New
Jersey: Princeton University Press.

Putnam, S.P., Spritz, B.L., & Stifter, C.A. (200@pther—child coregulation during delay of
gratification at 30 month$nfancy, 3, 209-225.

Quiggin, J. (1982) A theory of anticipated utilityournal of Economic Behavior and
Organization 3, 323-343.

Rachlin, H., Raineri, A., & Cross, D. (1991) Suljee probability and delaylournal of the
Experimental Analysis of Behavj&b, 233-244.

Ramsey, F. (1928) A mathematical theory of saviigpnomic Journal38, 543-549.

Ramseyer, A., Pelé, M., Dufour, V., Chauvin, C. T&ierry, B. (2006) Accepting loss: the
temporal limits of reciprocity in brown capuchin nkeys. Proceedings of the Royal
Society: Biological Sciencegd73 179-184.

Repacholi, B.M. (1998) Infants’ use of attentiomales to identify the referent of another
person’s emotional expressiddevelopmental Psychology4, 1017-1025.

Reyna, V.F. (1996) Conceptions of memory develogmeth implications for reasoning and
decision makingAnnals of Child Developmeri2, 87-118.

Reyna, V.F., & Brainerd, C.J. (1994) The originspobbability judgment: a review of data
and theories. In G. Wright & P. Ayton (EdsSubjective probabilityNew York: Wiley, pp.
239-272.

Reyna, V.F., & Ellis, S.C. (1994) Fuzzy trace theand framing effects in children's risky
decision makingPsychological Scien¢é, 275-279.

Rheingold, H.L., Hay, D.F., & West, M.J. (1976) 8hg in the second year of lif€hild
Development47, 1148-1158.

Richards, J.B., Mitchell, S.H., de Wit, H., & Sendd..S. (1997) Determination of discount
functions in rats with an adjusting-amount proceddournal of the Experimental Analysis
of Behavior67, 353-366.

-181 -



Rogoff, B. (1990Apprenticeship in thinkingNew York: Oxford University Press.

Rosati, A.G., Stevens, J.R., Hare, B., & Hause)M2007) The evolutionary origins of
human patience: temporal preferences in chimpanzZeesobos, and human adults.
Current Biology 17, 1663-1668.

Rose, G.M., Boush, V.D., & Kahle, L. (1998) The lugnce of family communication
patterns on parental reactions toward advertisangross-national examinatiodournal of
Advertising 27, 71-85.

Ross, H.S., & Goldman, B.D. (1977) Establishing nswvcial relations in infancy. In T.
Alloway, L. Krames & P. Pliner (Eds.jdvances in the study of communication and
affect, Vol. 3: Attachment behaviddew York: Plenum Press, pp. 61-79.

Ross, H.S., & Lollis, S.P. (1987) Communicationhaitinfant social game®evelopmental
Psychology23, 241-248.

Roth, A.E. (1988) Laboratory experimentation in remmics: a methodological overview.
Economic Journal98, 974-1031.

Roth, A.E., Prasnikar, V., Okuno-Fujiwara, M., &rda, S. (1991) Bargaining and market
behavior in Jerusalem, Ljubljana, Pittsburgh, an#yb: an experimental studgumerican
Economic Reviey81, 1068-1095.

Rovee-Collier, C. (1990) The “memory system” of lpprguistic infants.Annals of the New
York Academy of Scien¢c€&98 517-542.

Rovee-Collier, C. (1997) Dissociations in infant maey: rethinking the development of
implicit and explicit memoryPsychological Reviewl04, 467-498.

Ruffman, T., Perner, J., Naito, M., Parkin, L., 8e@ents, W.A. (1998) Older (but not
younger) siblings facilitate false belief understiag. Developmental Psychology4, 161-
174.

Rumbaugh, D.M., Savage-Rumbaugh, E.S., & Pate(1988) Addendum to “summation in
the chimpanzeeP@n troglodytey. Animal Behavior Processebs4, 118-120.

Runco, M.A., & Bahleda, M.D. (1987) Implicit thees of artistic, scientific, and everyday
creativity.Journal of Creative Behavip20, 93-98.

Rust, L. (1993) Observations: parents and childifeapping togethedournal of Advertising
Research33, 65-70.

Sahlins, M. (1972%tone age economidShicago: Aldine.

Sally, D. (1995) Conversation and cooperation igiadodilemmas: a meta-analysis of
experiments from 1958 to 199Rationality and Society’, 58-92.

-182 -



Schacter, D.L., & Addis, D.R. (2007) The cognitimeuroscience of constructive memory:
remembering the past and imagining the futiteilosophical Transactions of the Royal
Society: Biological Science362 773-786.

Schacter, D.L., Addis, D.R., & Buckner, R.L. (20(H¢membering the past to imagine the
future: the prospective braiNature Review Neuroscien&;,657-661.

Schlottmann, A. (2000) Children's judgments of glsiba disordinal violation of additive
utility. Journal of Behavioral Decision Makin@3, 77-89.

Schlottmann, A. (2001) Children’s probability irtions: understanding the expected value of
complex gamblesChild Development72, 103-122.

Schlottmann, A., & Anderson, N.H. (1994) Childrensdgments of expected value.
Development Psycholog§0, 56-66.

Scofield, J., & Behrend, D. (2008) Learning wordsni reliable and unreliable speakers.
Cognitive Developmen23, 278-290.

Searle, J. (1995)he Construction of Social Realifyiew York: Free Press.

Selten, R., & Stoecker, R. (1986) End behaviorequences of finite prisoner’s dilemma
supergames: a learning theory approddirnal of Economic Behavior and Organization
7, 47-70.

Shiller, R.J. (2002) The irrationality of market3ournal of Psychology and Financial
Markets 3, 87-93.

Shiller, R.J., & Summers, L.H. (1990) The noisedé&maapproach to financeournal of
Economic Perspectived, 19-33.

Siegman, A.W. (1961) Intercorrelation of some measwf time estimatiorRPerceptual and
Motor Skills 14, 381-382.

Silberberg, A., & Fuijita, K. (1996) Pointing at aaller food amounts in an analogue of
Boysen and Berntson’s (1995) procedudeurnal of the Experimental Analysis of
Behavior 66, 143-147.

Silverman, LLW. (2003) Gender differences in detdygratification: a meta-analysi§ex
Roles 49, 451-463.

Simon, T.J. (1997) Reconceptualizing the originewhber knowledge. A « non-numerical »
accountCognitive Development 2, 349-372.

Slonim, R., & Garbarino, E. (2008) Increases irstrand altruism from partner selection:
experimental evidenc&xperimental Economicdl, 134-153.

- 183 -



Slovic, P. (1966) Risk-taking in children: age asek differencesChild Development37,
169-176.

Smetana, J. (1999) The role of parents in morakldgwent: a social domain analysis.
Journal of Moral Education28, 311-321.

Smiley, P. (2001) Intention understanding and margensitive behaviors in young children’s
peer interactionsSocial Developmen8, 330-354.

Sophian, C., & Adams, N. (1987) Infant's undersiag@f numerical transformationBritish
Journal of Developmental Psycholo&y 257-264.

Spelke, E.S. (1991) Physical knowledge in infameflections on Piaget's theory'. In S. Carey
& R. Gelman (Eds.)Epigenesis of mind: studies in biology and cognitidillsdale, NJ:
Erlbaum, pp. 133-1609.

Spreng, R.N., & Levine, B. (2006) The temporal misttion of past and future
autobiographical events across the lifespd@mory and Cognitior34, 1644-1651.

Stacey, B.G. (1982) Economic socialisation in the-gdult yearsBritish Journal of Social
Psychology?21, 159-173.

Starkey, P. (1992) The early development of nuraériasoningCognition 43, 93-126.

Starkey, P., & Cooper, R. (1980) Perception of nerskby human infantsScience 210,
1033-1035.

Starkey, P., & Gelman, R. (1982) The developmeradafition and subtraction abilities prior
to formal schooling in arithmetic. In T.P. Carpent&M. Moser & T.A. Romberg (Eds.),
Addition and subtraction: a cognitive perspectikidale, NJ: Erlbaum, pp. 99-116.

Starkey, P., Spelke, E.S., & Gelman, R. (1990) Nigak abstraction by human infants.
Cognition 36, 97-128.

Steelandt, S., Dufour, V., Broihanne, M.-H., & Timg B. (2011) Can monkeys make
investments based on maximized pay-¢ftdS ONE6, e17801.

Steelandt, S., Dufour, V., Broihanne, M.-H., & Timg B. (soumis) Children base their
investment on calculated pay-off.

Steelandt, S., Thierry, B., Broihanne, M.-H., & buf, V. (2012) The ability of children to
delay gratification in an exchange ta€lagnition 122, 416-425.

Steelandt, S., Thierry, B., Whiten, A., Broihankk;H., & Dufour, V. (en révision) The early
development of gifts and exchanges in children.

Stephens, L.F., & Moore, R.L. (1975) Price accurasy a consumer skildournal of
Advertising Researghi5, 27-34.

- 184 -



Stevens, J.R., Hallinan, E.V., & Hauser M.D. (2005¢ ecology and evolution of patience in
two New World monkeysBiology Lettersl, 223-226.

Strauss, A.L. (1952) The development and transfoamaf monetary meanings in the child.
American Sociological Review7, 275-286.

Strauss, M.S., & Curtis, L.E. (1981) Infant pereeptof numerosityChild Development2,
1146-1152.

Strauss, M.S., & Curtis, L.E. (1984) Developmentnaimerical concepts in infancy. In C.
Sophian (Ed.)Qrigins of cognitive skillsHillsdale, NJ: Erlbaum, pp. 131-155.

Strayhorn, J.M. (2002) Self-control: theory andesesh.Journal of American Academic of
Child & Adolescent Psychiatry, 7-16.

Suddendorf, T. (2010) Episodic memory versus ejpisdoresight: similarities and
differencesWiley Interdisciplinay Reviews Cognitive Scierige9-107.

Suddendorf, T., & Busbhy, J. (2005) Making decisianth the future in mind: developmental
and comparative identification of mental time trdav®earning Motivation36, 110-125.

Suddendorf, T., & Corballis, M.C. (1997) Mental &énravel and the evolution of the human
mind. Genetic, Social, and General Psychology MonograpB8 133-167.

Suddendorf, T., Nielsen, M., & von Gehlen, R. (20Children’s capacity to remember a
novel problem and to secure its future solutidavelopmental Sciencg4, 26-33.

Sullivan, K., & Winner, E. (1993) Three-year-oldshderstanding of mental states: the
influence of trickeryJournal of Experimental Child Psycholodyg, 135-148.

Sutter, M., & Kocher, M.G. (2007) Trust and trusttiiness across different age groups.
Games and Economic Behavibg, 364-382.

Sutton, J., & Keogh, E. (2000) Social competitionsichool: relationships with bullying,
machiavellianism and personalitBritish Journal of Educational PsychologyO, 443-
456.

Sutton-Smith, B., & Rosenberg, B.G. (1966) The daamsibling. Perceptual and Motor
Skills, 22, 993-994.

Szalda-Petree, A.D., Craft, B.B., Martin, L.M., &B0itius-Island, J.K. (2004) Self-control in
rhesus macaquesMécaca mulattg controlling for differential stimulus exposure.
Perceptual and Motor Skill©8, 141-146.

Szpunar, K.K. (2010) Episodic future thought: aneeging concept.Perspectives on
Psychological Scienc¢é, 142-162.

- 185 -



Tangney, J.P., Baumeister, R.F., & Boone, A.L. @08ligh self-control predicts good
adjustment, less pathology, better grades, andrpmtgonal successJournal of
Personality 72, 271-322.

Tedeschi, J., Hiester, D., & Gahagan, J. (1969)iMaalues and the behavior of children in
the prisoner's dilemma gan@hild Development40.

Terrell, D. (1994) A test of the gambler’s falla@uidence from pari-mutuel game®urnal
of Risk and Uncertainty8, 309-317.

Thaler, R. (1985) Mental accounting and consumercehMarketing Scienced, 199-214.

Thaler, R., & Johnson, E. (1990) Gambling with tmaise money and trying to break even:
the effects of prior outcomes on risky choiklanagement Sciencg6, 643-660.

Thompson, C., Barresi, J., & Moore, C. (1997) Teealopment of future-oriented prudence
and altruism in preschooleSognitive Development2, 199-212.

Tobin, H., & Logue, A.W. (1994) Self-control acragsecies Columba livia, Homo sapiens,
andRattus norvegicysJournal of Comparative Psycholodgh08 126-133.

Tobin, H., Logue, W., Chelonis, J.J., Ackermann].K& May, J.G. (1996) Self-control in
the monkeyMacaca fascicularisAnimal Learning and Behavip?4, 168-174.

Todd, C., & Perlmutter, M. (1980) Reality recalleg preschool children. In M. Perimutter
(Ed.), Children's memory: new directions for child develgmt San Francisco: Jossey-
Bass, pp. 69-85.

Tomasello, M. (1995) Joint attention as social ¢ogm In C. Moore & P.J. Dunham (Eds.),
Joint attention: its origins and role in developmetillsdale, NJ: Erlbaum, pp. 103-130.

Tomasello, M. (2003)Constructing a language: a usage-based theory ofglage
Acquisition.Cambridge, MA: Harvard University Press.

Tomasello, M. (2007) Cooperation and communicationthe 2° year of life. Child
Development Perspectives 8-12.

Tomasello, M. (20087 he origins of human communicatid®ambridge, MA: MIT Press.
Tomasello, M., & Call, J. (199 Brimate cognition Oxford: Oxford University Press.

Tomasello, M., Carpenter, M., Call, J., Behne, &.Moll, H. (2005) Understanding and
sharing intentions: the origins of cultural cogmiti Behavioral and Brain Science28,
675-735.

Tomasello, M., & Rakoczy, H. (2003) What makes horoagnition unique? From individual
to shared to collective intentionalitylind and Languaggel8, 121-147.

- 186 -



Toner, 1.J. (1981) Role involvement and delay nemanhce behavior in preschool children.
Journal of Genetic Psycholog}38, 245-251.

Toner, 1.J., Lewis, B.C., & Gribble, C.M. (1979) &luative verbalization and delay
maintenance behavior in childrelnurnal of Experimental Child Psycholo@8, 205-210.

Toner, 1.J., & Smith, R.A. (1977) Age and overthadization in delay-maintenance behavior
in children.Journal of Experimental Child Psycholo@4, 123-128.

Trivers, R.L. (1971) The evolution of reciprocatraism. The Quaterly Review of Biology
46, 35-57.

Tulving, E. (1995) Organisation of memory: quo &&diln M.S. Gazzaniga (Ed.Jhe
cognitive neuroscience€ambridge, MA: MIT Press, pp. 839-847.

Tulving, E. (2002) Episodic memory: from mind taabr. Annual Review of PsycholodyB,
1-25.

Tulving, E. (2005) Episodic memory and autonoesgisquely human? In H.S. Terrace & J.
Metcalfe (Ed.),The missing link in cognition: evolution of selibkving consciousness
London: Oxford University Press, pp. 3-56.

Tulving, E., Eustache, F., Desgranges, B., & Viader(2004) La mémoire épisodique : de
I'esprit au cervealRevue Neurologiquéd60, 9-23.

Tuomela, R. (1995)'he importance of us: a philosophical study of basbcial notion
Stanford Stanford University Press.

Turner, J., & Brandt, J. (1978) Developmental aatidation of a simulated market to test
children for selected consumer skilleurnal of Consumer Affaird2, 266-276.

Tversky, A., & Gilovich, T. (1989) The “hot hand’statistical reality or cognitive illusion?
Chance: New Directions for Statistics and Computiy@1-34.

Tversky, A., & Kahneman, D. (1971) Belief in thenlaf small numbersPsychological
Bulletin, 76, 105-110.

Tversky, A., & Kahneman, D. (1974) Judgment undecentainty: heuristics and biases.
Sciencel85 1124-1131.

Tversky, A., & Kahneman, D. (1981) The framing efctions and the psychology of choice.
Science211, 453-458.

Tversky, A., & Kahneman, D. (1986) Rational choieesl the framing of decisiondournal
of Businessb9, 251-278.

Tversky, A., & Kahneman, D. (1991) Loss aversiomigkless choice: a reference-dependent
model.The Quarterly Journal of Econonsicl06, 1039-1061.

- 187 -



Tversky, A. & Kahneman, D. (1992) Advances in pexgptheory: cumulative representation
of uncertainty.Journal of Risk and Uncertaint$y, 232-297.

Uller, C., Carey, S., Hunter-Fenner, G., & Klatt, (1999) What representations might
underlie infant numerical knowledg€hild Developmentl4, 1-36.

van Avermaet, E., & McClintock, L.G. (1988) Inteogip fairness and bias in children.
European Journal of Social Psycholods, 407-427.

van Leijenhorst, L., Westenberg, P.M., & Crone, H2008) A developmental study of risky
decisions on the cake gambling task: age and gemadgyses of probability estimation and
reward evaluatiorDevelopmental Neuropsycholg@®g, 179-196.

van Loosbroek, E., & Smitsman, A. (1990) Visual gegtion of numerosity in infancy.
Developmental Psycholog®6, 911-922.

Vaughn, B.E., Kopp, C.B., & Krakow, J.B. (1984) Taémergence and consolidation of self-
control from eighteen months to thirty months okagormative trends and individual
differencesChild Developmen65, 990-1004.

Verba, M. (1994) The beginning of collaborationpeer interactionHuman Development
37, 125-139.

Vickrey, W. (1961) Counter speculation, auctions] aompetitive sealed tendedsurnal of
Finance 16, 8-37.

von Neumann, J., & Morgenstern, O. (1944)eory of games and economic behay@f
edition, 1947). Princeton, NJ: Princeton Universitess.

Vygotsky, L.S. (1962Yhought and languag€ambridge, MA: MIT Press.

Vygotsky, L.S. (1978Mind in society: the development of higher psychologpralcesses
Cambridge, MA: Harvard University Press.

Ward, S., Wackman, D., & Wartella, E. (19°HQw children learn to buy: the development of
consumer information-processing skilBeverly Hills, CA: Sage Publications.

Warneken, F., Chen, F., & Tomasello, M. (2006) Gaafive activities in young children and
chimpanzee<Child Development7, 640-663.

Warneken, F., & Tomasello, M. (2007) Helping andperation at 14 months of agefancy
11, 271-294

Warneken, F., & Tomasello, M. (2008) Extrinsic redsaundermine altruistic tendencies in
20-month-oldsDevelopmental Psychologg4, 1785-1788.

- 188 -



Warneryd, K-E. (1988) Economic psychology as afif study. In W. Fred van Raaij, G.M.
van Veldhoven & K-E. Warneryd. (Edshliandbook of economic psycholodyordrecht,
Netherlands: Kluwer Academic Publishers, pp. 3-41.

Wartella, E., Wackman, D.B., Ward, S., Shamir&JAlexander, A. (1979) The young child
as consumer. In E. Wartella & B. Hills (EdsGQhildren communicating: media and
development of thought, speech, understandhliits, CA: Sage.

Webley, P. (2005) Children’s understanding of ecoms. In M. Barrett & E. Buchanan-
Barrow (Eds)Children’s understanding of Societyove: Psychology Press, pp. 43-67.

Webley, P. & Lea, S.E.G. (1993) Towards a more istal psychology of economic
socialisationJournal of Economic Psychologi4, 461-472.

Wellman, H.M. (1990 he child’s theory of mindCambridge, MA: MIT Press.

Wellman, H.M., & Bartsch, K. (1994) Before beliehildren’s early psychological theory. In
C. Lewis & P. Mitchell (Eds.)Children’s early understanding of mind: origins and
developmentHillsdale, NJ: Erlbaum, pp. 157-181.

Wellman, H.M., & Gelman, S.A. (1998) Knowledge aisifion in foundational domains. In
W. Damon, D. Kuhn & R.S. Siegler (Edshlandbook of child psychology, Vol. 2.
Coghnition, perception, and language"(8d.) New York: Wiley, pp. 523-573.

Wellman, H.M., & Hickling, A.K. (1994) The mind’sl™: children’s conception of the mind
as an active agerhildren Developmen65, 1564-1580.

Wellman, H.M., Phillips, A.T., & Rodriguez, T. (20D Young children’s understanding of
perception, desire, and emoti&@hild Development1, 895-912.

West, M.J., & Rheingold, H.L. (1978) Infant stimtidan of maternal instructioninfant
Behavior and Developmerdt, 205-215.

Westergaard, G.C., Liv, C., Rocca, A.M., Clevelad, & Suomi, S.J. (2004) Tufted
capuchins Cebus apellp attribute value to foods and tools during voluptaxchanges
with humansAnimal Cognition7, 19-24.

Willinger, M., Keser, C., Lohmann, C., & UsunietCJ (2003) A comparison of trust and
reciprocity between France and Germany: experinhelmeestigation based on the
investment gamelournal of Economic Psycholog®4, 447-466.

Wimmer, H., & Hartl, M. (1991) Against the Cartesiaiew of mind: young children’s
difficulty with own false beliefsBritish Journal of Developmental Psycholo@y 125-
138.

Wimmer, H., & Perner, J. (1983) Beliefs about Hslierepresentation and constraining
function of wrong beliefs in young children's ungtending of deceptiorCognition 13,
103-128.

- 189 -



Wood, B., & Hill, K. (2000) A test of the “showingH” hypothesis with Ache hunters.
Current Anthropology41, 124-125.

Wood, J.S., Kouider S., & Carey, S. (2009) Acqiositof singular-plural morphology.
Developmental Psychologg5, 202-206.

Woodward, A.L., & Sommerville, J.A. (2000) Twelveasmth-old infants interpret action in
context.Psychological Sciengél, 73-76.

Wu, G., & Gonzalez, R. (1996) Curvature of the @ataibty weighting functionManagement
Science42, 1676-1690.

Wulfert, E., Block, J., Santa-Ana, E., Rodriguez,, M Colsman, M. (2002) Delay of
gratification: impulsive choices and problem bebaviin early and late adolescence.
Journal of Personality70, 53.

Wulfert, E., Safren, S., Brown, I., & Wan, C. (1999ognitive, behavioral, and personality
correlates of HIV-positive persons’ unsafe sexuahdyior. Journal of Applied Social
Psychology?29, 223-244.

Wynn, K. (1990) Children’s understanding of cougti@ognition 36, 155-193.

Wynn, K. (1992) Children’s acquisition of the numbgords and the counting system.
Cognitive Psychology4, 220-251.

Wynn, K. (1992) Addition and subtraction by humafants.Nature,358 749-750.
Wynn, K. (1995) Origins of numerical knowleddéathematical Cognitionl, 35-60.

Xu, F. (2003) Numerosity discrimination in infant®vidence for two systems of
representatiorCognition 89, B15-B25.

Xu, F., & Arriaga, R. (2007) Number discrimination10-month-old infantsBritish Journal
of Developmental Psycholog®b, 103-108.

Xu, F., & Spelke, E.S. (2000) Large number discniation in 6-month-old infant€ognition
74, B1-B11.

Xu, F., Spelke, E.S., & Goddard, S. (2005) Numkmrse in human infant®evelopmental
Science8, 88-101.

Yates, G.C.R., Yates, S.M., & Beasley, C.J. (19830)ng children’s knowledge of strategies
in delay of gratificationMerrill-Palmer Quarterly, 33, 159-169.

Young, B.M. (1990)Television advertising and childremNew York: Oxford University
Press.

-190 -



Youngblade, L.M., & Dunn, J. (1995) Individual difences in young children’s pretend play
with mother and sibling: links to relationships amttlerstanding of other people’s feelings
and beliefsChild Developmen66, 1472-1492.

Zahn-Waxler, C., Radke-Yarrow, M., Wagner, E., &apman, M. (1992) Development of
concern for otherevelopmental Psycholog®8, 126-136.

Zelazo, P.D. (2006) The Dimensional Change Card @o€CS): a method of assessing
executive function in childremature Protocolsl, 297-301.

Zelazo, P.D., Mdller, U., Frye, D., & Marcovitch, 003) The development of executive
function.Monographs of the Society for Research in Childdhigynen 68.

Zur, O., & Gelman, R. (2004) Young children can amd subtract by predicting and
checking.Early Childhood Research Quarteylio, 121-137.

-191 -



ANNEXES

-192 -



ANNEXE 1

*o0

Lettre d’invitation et feuille d’'information
Exemple de I'étudeELAI

(Edimbourg)

-193 -



University of StAndrews

School of Psychology

Deear Parent/Guardian,

By this letter we wish to kindly mwvite you and your child to take part in a research on the
developmental aspect of the ability to exchange in children The study is cumently num at Edinburgh
Zoo and is designed to assess the degree of self control exhibited by a child while waiting for a
sweet. Self-control improves dunng childhood, and this is the reason why we need to test children
aged between 14 months and 5 years-old

We are two researchers from the University of St-Andrews, based at the research centre Living
Links at Edinburgh zoo. The centre 1s a place designed to understand both the behaviour of

and the behaviowr of human beings. Practically, your child’s parhicipation will mvolve
him/her working with one researcher. The research is designed to resemble games so that your child
enjoys the expenence. Your clild will be offered vanous sweets and propesed to wait a while to
obtain more attractive ones. People who have camed out simular work previcusly have found that
children have been very keen to take part. Of course, should your child wish to, he/she will be free
to withdaw at anytime and you can withdraw your child’s participation at any point. The results
will be treated with complete confidentiality and only us will have knowledge of mdividual
responses. We do mot imitially wish to videotape your child However, the need may amse
throughout the project. In some cases, certain behaviours might be of mterest to us and we may
wish to use the footage to illustrate these pomts. The tapes will be seen only by us (V. Dufour and
5. Steelandt) and be kept only for the duration of the project (from 3 to 5 years). All mformation
will be kept in accordance with the confidentiality rules of the British Psychological Society. At mo
point will any information be written or published that could identify your child

Support for this research has been obtained from Edinburgh zoo. The research has received Ethacal
approval from the Local Education Authonty and the Ethics Committee of the School of
Psychology at the University of St-Andrews. In addibon we have gone through the Enhanced
Dhsclosure Scotland procedure to be able to camry out thas project.

If you thunk that your child would enjoy participating in the study please complete the ship below
and the attached questionnaire.

Many thanks

Child’s Name: Diate of Barth-

# [ am willing to allow my child to participate in the study

# [ am NOT walling to allow my child to participate in the study.

# Jam WILLING' NOT WILLING for video footage imvolving my child to be viewed for
research purposes.

Sigmed: Date:
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PARTICIPANT INFORMATION SHEET

Project Title
Ability o delay praffication i children

Rationale

Your chuld 15 imvited fo take part m the research study: Ability to delay graffficarion in children. We am
mberested 1f choldren display a sufficient degree of self-control to accept m advance the loss of some
goods and mhubit food copsumption while waitng. We wish to know bow long cnldren can wait for a
reward, which 1= the reason why we would hike to recrurt cluldren aped between 14 months and 5 vears
old. Before you decide 1t 1s mmportant for you to understand why the research 15z bemg done and what it
will mvolve.

What your invelvement will entail

This research is conducted at the Edinburgh zoo with the collaboration of the University of St-Andrews.
Partieipation to this study requres a meeting with you and vour child for about 30 punotes. Dhnng thes
timee, your child wall be imvolved mn several short fim games where he'she nught obtzin sweets as rewards
{depending on your preferences}. If vou have oldar children they will be allowed to participate afterwrards
m the expariment if they wish to do so. Otheranze, they will be entertained with pames or toys 1 the next

To0Im.

Anooymity, Privacy & Confidentiality

The research 15 supported by the Roval Zoolomeal Society of Scotland (RZ55) and has obtained the
ethical approval from the University of St-Andrews’ ethical commmties. Alzo, the Enhanced Dhselosme
Scotland has been obtzined

Instially, we do not wish to videotape your child However, the need may anse throughout the project. In
some cases, cerfam behaviours might be of imterest fo s and we may wish to use the footaze to lustrate
these points. If so, vour chuld noght be videstaped only if we have vour agreement. The tapes wall be seen
only by us (V. Dufour and 5. Steelandf) and be kept only for the duraton of the project (fom 3 to 5
vears). Personal information swch as the age of the cold and whether he has brothers and sisters wnll be
kept confidential. Diatz collacted will be handled only by the researcher and supervisor and wall be stored
seqaraly.

The resolts from this study wall be reported 1n general terms m the form of spesch, wmting, photograph or
video that may be presented m manusenpts submotted for pubheation 1n scentific joumals, or oral andor
poster presentations at scientific mestings, semmars, and’or conferences. Any photograph or video wrll
only be vsed for such presentations if you provide pemmission after vou are given the opportumity fo view
the selected photographsadeos.

Eeward

We wnll use sweets as food rewards only if you approved (gqueshonnare sent with the letter). If vou don’t,
vou will have a choies for a more appropriate reward (e.z. other kind of swests or cookies). If for any
other rezsons vou preferred an alternate reward, we can propose to replace sweats/cookaes by prctures.

Withdrawal

Your parhimpation in thas research 15 completely volontary. There are no anticipated nsks or discomdorts
related to this research. If vou do decide fo take part you will be grven this mformation sheet to keep (and
be asked to mpn a consent form)

If you or your chold feels uncomfortable with any part of thes stedy, you have the nght to termmnate
participation without consequence. Please remember that yon are free fo withdraw from the study at any
time and withowt grving a reason. All information about you will be immediately destroved and 2 gfi wall
be offered to your child 1n any case for taking part m the study:

Contact Details

Stealandt Soplue, Fh D D, Valene Dufour
Tel- 0044 704 477 10.96 Tel- 00.44.131.314.03.04
Email- sophie steelandti@c-strashourg fr Email: vmd 1 i@ st-andrews. ac uk
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iPHC

Insticut I"'lurld el linaire
LRIEN
—I'Ru\SECUZG

www.iphe.cnrs. fr

[}YEPARTEMENT
EcoLociE, PHYSIOLOGIE
ET ETHOLOGIE

23 rue Becguerel
F-G7087 Strashoury Cedex 2
UMR 7178

Sophie Steelandt, Ph.D
T.06 858606 41

T.{33) 0388107458

sophie. steelandi@iphe. chrs.fr

Dr. Valérie Dufour
T {33)0383107460
F.{33)03858 107456

velerie dufour@iphe.enrs fir

Dr. Bernard Thierry
T.{33)038810 7458
F.{33)038581074 56

bernard thierry@iphe.cnrs fir

Sous la co-tutelle de

~

UNIVERSITE DE STREASBOURG

=4

Strasbourg, 1e 20 octobre 2010

Madame, Monsieur

Par la présente, j’aimerais obtenir votre accord concernant la participation de
votre enfant dans une étude portant sur la prise de décision et I'’émergence de
I’échange chez I’enfant. Le but de ce projet est de déterminer la capacité des
enfants a ajuster leur investissement pour maximiser leur gain. Cette capacité
économique apparait et varie probablement durant I'enfance, raison pour laquelle
j’aurais besoin de tester des enfants 4gés de 3 a 10 ans.

J'aimerais inviter votre enfant a participer a cette étude. Il sera testé dans sa
classe plusieurs jours consécutifs (5 a 10 jours) durant 10 mn environ. Durant cette
étude, votre enfant devra décider de la meilleure facon a investir 4 bonbons qui lui
auront &té offerts selon les offres de deux expérimentateurs qui joueront avec lui. Si
votre enfant échange 1 4 4 bonbons avec le 1 expérimentateur, celui-ci lui rendra
systématiquement 8 bonbons. Le second expérimentateur donnera quant a lui le
double du nombre de bonbons échangés par votre enfant. Ainsi, si votre enfant est
capable de maximiser ses gains, il devrait investir un nombre minimal de bonbons
avec le 1% expérimentateur et un nombre maximal de bonbons avec le second.
Cette ¢tude est menée sous forme de jeux pour que votre enfant prenne plaisir a
participer. La participation de votre enfant sera traitée avec confidentialité et seuls
mes superviseurs et moi-méme auront connaissance des performances
individuelles. Votre enfant ne sera pas filmé; cependant si certains comportements
sont intéressants, j’aimerais utiliser des enregistrements pour illustrer ces points.
Tous les enregistrements resteront confidentiels et seront détruits a la fin du projet
(de 3 4 5 ans). Votre consentement devra €tre obtenu pour réaliser les vidéos et/ou
les diffuser a d’éventuels congrés académiques. L’identité de votre enfant restera
anonyme pour tous papiers publiés. Cette recherche a obtenu I'autorisation de
I'inspecteur d’académie et de I'inspecteur de circonscription de votre école.

Si vous souhaitez voir votre enfant participer a cette étude, je vous serais
reconnaissante de bien vouloir compléter et retourner a I'école le formulaire
détachable ci-dessous ainsi que le questionnaire joint. Je reste a votre enticre
disposition pour toute information complémentaire concernant ce projet et vous
prie d’agréer Madame, Monsieur, mes sentiments les meilleurs.

Steelandt Sophie

Partie a compléter et a retourner signée. Merci

Titre: La prise de décision chez l'enfant : aptitude a calculer un investissement

J accepte que (nom de I'enfant) prenne part a cette étude.

Date de naissance de I'enfant

Nom et Prénom du parent/responsable

Date Signature
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Les primates non humains sont-ils capables
de calculer leur investissement

pour maximiser leur bénéfice ?

Article publié dan$’LoS ONE
2011; 6(3): e17801
doi:10.1371/journal.pone.0017801

Copyright 2011 PLoS ONE Open-access article
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Abstract

Animals can maximize benefits but it is not known if they adjust their investment according to expected pay-offs. We
investigated whether monkeys can use different investment strategies in an exchange task. We tested eight capuchin
monkeys (Cebus apella) and thirteen macaques (Macaca fascicularis, Macaca tonkeanal in an experiment where they could
adapt their investment to the food amounts propesad by two different experimenters. One, the deubling partner, returned
a reward that was twice the amount given by the subject, whereas the other, the fixed partner, always returned a constant
amount regardless of the amount given. Te maximize pay-offs, subjects should invest a maximal amount with the first
partner and a minimal amount with the second. When tested with the fixed partner only, one third of mankeys learned ta
remcve a maximal amcount of food for immediate consumption before investing a minimal one. With both partners, most
subjects failed to maximize pay-offs by using different decision rules with each partner’ quality. A single Tonkean macague
succeeded in investing a maximal amount to cne experimenter and a minimal amount te the other. The fact that cnly cne
of over 21 subjects learned to maximize benefits in adapting investment according to experimenters’ quality indicates that
such a task is difficult for monkeys, albeit not impossible.
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Introduction

The foundations of decision research, and hence its contempo-
rary shape, have been strongly influenced by thinking from
disciplines like economics. Human investors adjust their decisions
according to partners on the basis of expected pay-offs. They are
supposed to make rational decisions and to revise their decisions in
order to optimize satisfaction [1]. Animals can also maximize pay-
offs. When individuals exploit an environment where resources are
distributed in patches, they can leave the patch and search for a
new one when the rate of pay-off falls below the average rate for
the entire arca [2), [3]. Rational strategies are then defined as
those increasing fitness and are an outcome of natural selection
[4]). The theory of biclogical markets in particular assumes that
living beings can adjust their investment based on the offers
potentially provided by several partners [5]. In non-human
primates, individuals may vary their rates of grooming in exchange
to access for commodities [5], [7]). They are able to invest, that is,
to avoid immediately consuming some goods with the intent of
winning more [8], [9]. We lack evidence, however, about their
ahilities to adjust quantitatively their investment to expected pay-
offs.

Monkeys and great apes appear to possess many of the skills
required to perform successful investments in various contexts.
They can make inferences, categorize objects and understand
tertiary relations [10]. They are also able to make ‘more’ and ‘less”
value judgments about discrete quantities [11]-[14]. Numerous

@ PLoS ONE | www.plosone.org

studies showed that monkeys are good at recognizing magnitudes
for values under 8. For instance, thesus macaques reliably prefer
the larger amount in choices of one versus two items, two versus
three, and three wversus four [15], [16]. Monkeys can also
discriminate between larger numerical values when high ratios
are involved [17]). Rhesus macaques can learn to select the
stimulus with the larger number of dots when pairs of numerical
values between | and 9 are presented [18], [19]. Similar results are
found in squirrel monkeys and tufted capuchin monkeys with
discrimination hetween discrete quantities of one to nine food
items [20]-[24].

Non-human primates are also able to combine discrete
quantities, which can allow them to adjust their investment
quantitatively. When presented with two trays, each tray
containing two scparate sets of food items, chimpanzees and
capuchin monkeys select the greater total, indicating that they
consider the sum of items [25]-[27]. Both great apes and monkeys
succeed in tasks where they have to choose between two covered
sets of food items to which an experimenter visibly adds or
removes items in unequal numbers (capuchin monkeys: [28];
chimpanzees: [13], [29], [30]; orangutans: [12]; rhesus macaques:
[15]} Monkeys can differentiate between different contingencies in
discrimination learning task where they have to distinguish
between two cues to gain rewards [10]. They can also discriminate
hetween experimenters who behave in different ways towards
themn. For instance, capuchins and macaques preferentially
indicate a food location to the most cooperative partners [31],
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and they recognize those providing the higher pay-off [32)—[34].
Monkeys can thus use potential partners as a tool to gain more.
On the other hand, while monkeys may instrumentalize
congpecifics, they may limit this to anticipating their behavior
and not their intentions. It should be emphasized that in most
experiments they appear unable to recognize actions in term of
goals contrary to great apes [35]-[37] (but see [33]).

With regard to future-oriented behaviors, several experiments
show that apes and monkeys can accept to lose an immediate
henefit to gain more later; they postpone gratification from some
scconds to a few minutes in tasks where they are given a choice
between an immediately available but less preferred reward, and
a delayed but more preferred one [38)—[40]. They sustain similar
delays of gratification when presented with food items accumu-
lating at regular time intervals [41], [42]. Non-human primates
also maximize their pay-offs in tests requiring them to exchange
with an experimenter. Chimpanzees and capuchin monkeys can
learn to attribute values to non-edible tokens and exchange them
for food [43]-[45]). However, this set up implies training monkeys
to understand the value of the tokens. Monkeys and great apes
can also give food items to receive a qualitatively more desirable
one [8], [9). [46]. In that case, the value of the food is directly
measured by consumption. In a study where capuchin monkeys
were allowed to eat part of an item before returning it, individuals
were seen to nibble most of a food item before attempting to
exchange the remaing for a larger reward with a human
experimenter [8), [47]. Also, non-human primates can wait
longer for a return if the expected quantity of food is larger [47],
[48].

Decision-making in primates relies on skills requiring them to
take into account several factors involving evaluation of discrete
quantities, physical or temporal cost, and partner’s reliakility to
maximize their pay-offs. In this study, we tested tufted capuchin
monkeys, Tonkean macaques and long-tailed macaques in an
exchange task where each subject initially received four food
rewards that they could either consume or give back. T'o maximize
the pay-off, subjects had to adapt the amount of food items they
gave initially — the investment — to the food amounts to be
returned by two different experimenters. We investigated whether
the subjects could invest differentially depending on the experi-
menter’ qualities in term of income. One experimenter gave back
a reward twice the amount of the subjects’ initial investment
(doubling partner, providing O, 2, 4, & or 8 rewards if subjects
returned respectively O, 1, 2, 3 or 4 rewards), whereas the other
always gave back a constant amount regardless of the subjects’
initial investment (fixed partner, always providing 8 rewards
regardless of the amount initially returned). To maximize food
income, subjects had to respond in different ways to each
experimenter, offering a maximal amount to the first one and a
minimal amount to the second (Table 1.

Results

When giving less than four raising to experimenters, subjects
exhibited different ways to remove raising from the initial amount.
They cither ate some and returned the remaining ones (Pis, Arn,
Lad, Pao}, put all of them in their mouth and spat some back [Sha,
Rav, Lad, Syb, Sam), or shared the four raising between hoth
hands keeping the content of one and returning the content of the
other (Kin, Sad, Syb). Each subject consistently used the same way
across the different phases of study (except for Lad and Syb who
alternated their removal procedures; they mainly used the second
procedure but sometimes used the first one for Lad, or the third
one for Syk).

@ PLoS ONE | www.plosone.org
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Table 1. Number of rewards obtained from both
experimenters and subjects’ net income according to the
number of raisins returned by subjects.

Doubling partner Fixed partner

Returned number

of raisins Reward Net income Reward Net income
a a 4 a 4

1 2 5 3 11

2 4 & 3 10

3 & 7 3 ]

4 3 3 3 3

Within one session, the subjects’ net income, i.e. the amount of raisins non-
invested by the subject plus those received after return, The subject maximises
its gain by giving more (4 raisins, net income 8] to the doubling partner, and
less to the fixed one (1 raisin, net income 11).

doi 10137 Ijoumal pone 0017801.t001

Phase 1

In this phase, 20 subjects failed to adapt the amount of given
raiging according to partners’ quality during 21 sets of two sessions
(Figure 1 and 813 Among subjects, seventeen consistently gave all
four raising to the doubling and fixed partners. T'wo other subjects
(Sam, Pao) gave 1-3 raisins to both partners. A third subject (Arn)
initially gave all four raisins, but after the 16% set of two sessions,
he learned to give 1-2 raisins to both partners. Comparing the
performances of subjects according to partners’ quality in the last
10 sets of sessions did not yield significant differences (fixed
partner: mean number of raising * sd =3.55+0.49, doubling
partner: m = 8.56+ (.36, n = 20 subjects, T'=53.0, p = (L642).

One subject was able to adjust his behavior according to
experimenters’ quality. This Tonkean macacque (Sha) was tested
during 24 sets of two sessions. Prom the 17 set, he gave a
decreasing numbers of raisins (three to one} to the fixed partner
while consistently returning 3-4 raising to the doubling partner
(Figure 2). Comparing his performances according to partners’
quality during the last 10 sets of sessions yielded a statistically
significant  difference  (fixedd m=2.51%1.35, doubling:
m= 360091, n=10sets, T= 4.0, p= QL0186

Phase 2

In Phase 2, the 20 subjects that had previously failed to
differentiate between partners” quality were tested in sessions
involving a single fixed partner. Phase 2 was run to counterhbalance
the tendency of most subjects to return all 4 raising in Phase 1.
Among the 20 subjects, 13 maintained the main strategy used in
Phase | (see Figure S1). The other seven subjects altered their
behavior in the course of sessions. They learned to give 1-2 raising
to the fixed partner (Figure 1.

Phase 3

The seven subjects who reduced the number of raising they gave
in Phase 2 were tested again in sessions involving two different
experimenters (Figure 1} Among them, six continued to give 1-2
raising to both partners as in Phase 2. Comparing the
performances of subjects according to partners” quality did not
yield significant differences (fixed: m=1.05=0.10, doubling:
m= L10%015, n=6 subjects, T=15.0, p=0.144). A seventh
subject (Rav) started to stop exchanging with the doubling partner,
congurning the four raising. Yet, he kept on giving one raisin to the
fixed partner. The analysis showed that he responded differently to
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Figure 1. Number of raisins returned by seven subjects in Phases 1, 2 and 3. In Phases 1 and 3, subjects were tested with both doubling
and fixed partners. In Phase 2, subjects were tested with the fixed partner only. Six subjects successfully modified their strategy in Phase 2 except for
Am who already changed of behavior at the end of Phase 1. In Phase 3, Rav returned 1 raisin then stopped exchanging with the doubling partner.
Each plot represents the mean number of raisins returned in one session of six trials, along with standard ervors.

doi:10.1371 journal pone.0017801.g00 1

hoth partners” qualities (fixed: m=1.02=015,
m= 172039, n= 10 sets, T=55.0, p=L.0OO5).

The subject Sha, having differentiated between partners’ quality
in Phase 1, was tested in phase 3 with two new experimenters in
order to confirm his response (Figure 2). His behavior progressed
during the sessions. At first, he gave about 1-2 raisins to the fixed
partner while generally giving 2-3 raisins to the doubling one.
After several sessions, he gave 2-3 raisins to the fixed partner and
four to the doubling. In the last sessions, he gave a minimal
number (one} to the fixed partner and a maximal number (four) to
the other partner. Analyzing his performances showed that he
adopted contrasting strategies according to partners’ quality (fixed:
m= 1.23%+1.26, doubling: m=3.63x0.72, n=10 sets, T=55.0,
p = (LOO5).

doubling:

Net incomes in Phases 1 and 3

By experimental design the subjects” net income should differ
according to experimenters” quality. We checked that it was larger
with the fixed than with the doubling partner in the last 10 sets of
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scssions in Phase | for Sha (fixed: m=949%1.01, doubling:
m=7.60%20.54, n= 10 sets, T'= 55.0, p = (LO05) and other subjects
(fixed: m=8.42+0.77, doubling: m= 7.61=(.84, n=20 suhbjects,
T=41.0, p=0.001}, and also in Phase 3 for Sha (fixed:
m= 10.17x0.87, doubling: m=7.63+(.35, n=10 sets, T =55.0,
p = 0.005), Rav (fixed: m = 10.98+ (.13, doubling: m = 4.18+(.39,
n=10 sets, T=55.0, p=0.005) and other subjects (fixed:
m=10.9520.20, doubling: m=510x0.27, n=6 subjects,
T=210, p=0.028).

In Phase 1, Sha received a total of 2414 raiging (1046 raisins
with the doubling partner; 1368 raising with the fixed partner;
difference: 322 raisins). For other subjects, the total mean of raiging
was of 2187 (983 ralsins with the doubling partner; 1204 raisins
with the fixed partner; mean difference: 221 raiging). In Phase 3,
Sha earned a total income of 2478 raising (1059 raising with the
doubling partner; 1419 raising with the fixed partner; difference:
360 raising). Rav had a total income of 2071 raising (435 raising
with the doubling partner; 1636 raisins with the fixed partner;
difference: 1201 raisinsh. For other subjects, the total mean of
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Figure 2. Number of raisins returned by the subject Sha in Phases 1 and 3.

doi:10.1371 journal pone.0017801.g002

raising was of 1855 [584 raising with the doubling partner; 1271
raising with the fixed partner, mean difference: 687 raising).

Discussion

A single subject (Sha) could maximize pay-offs by following
different rules according to experimenters’ quality. Most capuching
and macaques were not able to adapt the invested amount of food
iterns to the potential returns from each experimenter. In Phage 1,
most individuals consistently gave a maximal amount to both. Such
strategy maximized pay-off with the doubling partner, but was
inappropriate with the fixed one. Fewer subjects showed the reverse
response pattern, giving a minimal mumber of raising by the end of
this phase. This strategy maximized pay-off§ with the fixed partner,
but not with the doubling. In Phase 2, subjects had to exchange only
with the fixed partner. One third of them succeeded in maximizing
pay-off and learned to give a minimal amount. Among these seven
subjects, only one (Rav) discriminated between partners’ quality in
Phase 3 but failed to understand the rule that would bring him
optimal benefits with the doubling partner. The others subjects
maintained the same strategy as in Phase 2 and did not adapt their
investrnent strategy according to partners” quality.

It might be argued that the experimental set-up did not provide
time enough for subjects to adjust their behavior, but the fact that
Sha learned to modify his behavior after some trials weakens this
interpretation. An alternative explanation is that most subjects may
have been unable to differentiate between experimenters’ quality
according to the food amounts that they returned. However, this
explanation is also unlikely since it is known that monkeys are able
to discriminate two experimenters behaving differently [31]-[34].

@ PLoS ONE | www.plosone.org

Moreover, most subjects sometimes gave back a different number of
raising to experimenters, thus getting an opportunity to learn that
experimenters did not respond in the same manner. It should ke
emphasized that the net income differed according to experiment-
ers’ quality, since no subjects always gave 0 or 4 raising. In Phase 1,
subjects experienced a difference of close to one raisin between
experimenters; and in Phase 3, the subjects’ net income with the
fixed partner was more than twice than with the doubling partner.
Still, they did not adjust their behavior according to the partner’
guality. Moreover, former studies have shown that monkeys suc-
ceed in tasks requiring them to discriminate between quantities
[11]-[24]). When required to trade tokens for rewards with two
different experimenters, tufted capuchins were able to select the one
providing the higher pay-off [32]. Here, subjects had to do more
than just choosing between two options, they had to draw different
decision rules from the contrasting conduct of two different human
partners. From previous work on discrimination learning, we know
that it is quite demanding for animals who learned in a training
phase to select one cue in a two-choice discrimination task to learn,
in a following reversal phase, that the second cue is then rewarded
[16]. [49]. Our experimental situation was even more challenging
since it required subjects to respond in a different way at each
partner’s quality change. It i therefore not surprising that most
subjects failed to regularly alternate their decision rule in this
repeated conditional diserimination tagk.

In Phase 2, seven subjects — three macaques and four capuchin
monkeys — sized the opportunity to remove some raiging from the
initial amount in order to maximize pay-off. This corroborates
results previously found in a study where capuchins were observed
nibbling part of the initial item before returning it [8], [47].
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Therefore, failure to learn to keep some of the food was not what
hindered success in this experiment. The fact that only a third of
the monkeys succeeded is not too surprising. Indeed, monkeys
were rewarded regardless of the number of raising invested - even
no exchange whatsoever rewarded them with the 4 raisins they
kept. Therefore, there was no negative reinforcement for giving
one quantity or another. Although we aimed to test whether
monkeys could learn to differentiate between two experimenters’
qualities, we did not want to condition them to do so. In each
phase, it was up to them to realize the differences in the rewards
obtained according to the quality of the experimenter they were
interacting with. Previcus studies have shown that monkeys could
recognize when experimenters subtracted several items from a
given number of incentives [50], [51]. In the present study, some
subjects consumed some of the raising and gave the remaining to
the experimenter, whereas others first gave some raisins and then
ate the remnaining ones. In both cases, subjects were able to remove
2-3 items from the total amount before giving 2-1 items to the
experimenter. We propose that subjects” decisions rested on their
ahility to recognize magnitudes, albeit in an imprecise way [52],
[53].

From the seven individuals who started giving back minimal
amounts in Phase 2, one behaved differently with each partner’s
quality of Phase 3; while he consistently gave one raisin to the fixed
partner, he eventually stopped exchanging with the doubling one.
Thus, this capuchin monkey was able to maximize pay-offs with
the fixed partner and could recognize that the doubling partner
might respond in a less satisfactory way. Still, he failed to
understand which rule would bring him optimal benefits with this
second partner.

It must be emphasized that one Tonkean macaque succeeded in
optimizing pay-offs with both experimenters. He followed different
decision rules with each experimenter’s quality in Phase 1, and did
itagain with two new experimenters in Phase 3. By the end of each
phase, he invested a maximal amount with the doubling partner
and he removed most items before investing with the fixed one. To
our knowledge, this represents the only example of decision-
making by drawing different rules based on combination of
discrete quantities in monkeys, and mayhe even in great apes. The
fact that only one of over 21 subjects could maximize benefits in
adapting investrnent according to experimenters’ quality indicates
that such a task is difficult for monkeys, albeit not impossible.

Cognitive limits can underpin the present results, but we cannot
exclude that different factors related to the design of the task
concurred to create additional difficulties. First, one may argue
that in Phase 3, monkeys only gave a minimal amount because
they had been trained to do so in Phase 2, and that training at this
stage would have also included training with the doubling partner.
It is likely that training with only the fixed partner influenced their
response greatly. However, training in Phase 2 was carried out to
counterbalance the wvery strong tendency of the subjects to
gystemnatically give four raising in Phase 1. If we had exposed
them to both contingencies again, this could have forbidden the
outcome “give as little as possible”. Thus, in the actual set up
Phase 3 was run with the knowledge that the seven subjects
involved had all been capable of both responses, giving cither a
maximum (Phase 1} or a minimum (Phase 2) number of raisins.
Second, albeit statistically significant, the weak difference of net
income hetween different experimenter’s qualities [l ralsin),
experienced by individuals in Phase 1 could be insufficient for
monkeys to detect that they were not maximising rewards. It is
known that monkeys can distinguish between weak differences of
iterng [15], [16]. Moreover, in Phase 3 this difference was two-fold
hetween experimenters. Nevertheless, subjects did not adjust their
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return according to experimenters’ qualities. Finally, it is possible
that some individuals may require more exposure to each partner’s
guality in order to learn how to adjust their return. Whenever
individuals showed unstable strategies in each phase, additional
sessions were run to allow for such learning to occur. This however
did not lead to successfuul learning. Still, sufficient learning time is
probably a critical requirement for the adequate mastering of such
complex cognitive decision-making by most subjects. In humans,
heing akle to follow multiple directions or to switch between
decision rules develops slowly during childhood [54], [55].
Providing that sufficient learning time i3 allowed, and that
monkeys can pay attention to differences in partners’ quality,
maximizing pay-off using opposite decision rule is within the reach
of these species. In the present experiments we reduced the
complex interactions commonly addressed by behavioral biology
and economics to a simple dyadic situation in which subjects
interact with a human experimenter. This is a current procedure
in experimental cognition. Further research should attend more
specifically to those additional factors — whether ecological, social
or cognitive — liable to facilitate such learning in non-human
primates and other animals.

Trading with multiple partners following different rules is
characteristic of human economics; individuals make decisions
hased on their expectations regarding partners” responses. Here,
monkeys had to adjust the amount to be returned according to
their expectations about the behavior of two different experiment-
ers. Our results may have implications regarding how non-human
primates manage their relationships with conspecifics. The ability
to adapt pay-offs according to the gaing potentially brought by
each partner could be related to the ability of individuals to invest
more in one mate or another [56]-[58). Future studies should
compare monkeys and great apes to investigate whether the
development of such ahilities would have preceded the rige of
economical trangactions in hurnans.

Methods

Ethics Statement

Animals were given ad fbimm access to food and water. All
procedures complied with the recommendations of the Weatherall
report. The rescarch was conducted under license 67-100 from
the French Agricultural Department (Préfecture du Bas-Rhin).

Subjects

The subjects were maintained at the Primatology Center of the
Strashourg University. Their age and sex are presented on Table 2.
We tested eight tufted capuching (Cebus agells) belonging to a group
of 18 individuals housed in an indeor-outdoor enclosure composed
of several compartments totaling 78 m® Four Tonkean macaques
(Macaca tonkeand) belonged to a group of seven individuals housed
in an indoor-cutdoor enclosure composed of several compart-
ments totaling 35 m? Two other Tonkean macaques belonged to
a group of 16 individuals raised in a l-acre wooded area including
a shelter and a 40-m* wire-mesh fenced enclosure used for
experiments. Three long-tailed macaques (Macaca faseicularis) were
housed together in an enclosure of 10 m* composed of several
compartments and located in an indoor room. Four other long-
tailed macaques were individually housed in the same room in
cages of 125x80x80 cm. Animals were fed with commercial
monkey diet. They were never deprived of food.

Testing Procedure

Subjects had been trained to exchange food items with
humansg prior to experiments [8], [59]. Most subjects had heen
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Table 2. Subjects participating in the study.

Subjects Age (yrs) Sex Rearing conditions

Tufted capuchins

Kin 16 female group-living, indooroutdoor

Ali 9 female group-living, indooroutdoor

Pao 7 female group-iving, indooroutdoor

Arn 10 miale group-living, indeeroutdoor

Pis 7 male group-living, indooroutdoor

Pop 7 male group-living, indoor-outdoor

Ran 6 male group-iving, indooroutdoor

Sam 5 miale group-living, indeeroutdoor

Tonkean macagques

Syb 5 female group-living, indooroutdoor

Rim 5} male group-iving, indooroutdoor

She 5 male group-living, indooroutdoor

Sim 5 male group-iving, indooroutdoor

Lad 11 female group-living, semifres
ranging

Sha 5 male group-living, semifres
ranging

Long-tailed macagues

Lou 1 male group-iving, indoor

Ram 16 male group-living, indoor

Sad 12 male group-living, indoor

Cas 12 male separated, indoor

Don 18 male separated, indoor

lac 15 male separated, indoor

loe 11 male separated, indoor

doi:10.1371/journal pone. 0017301 t002

involved in a delay-of-gratification task where they had to keep
a piece of biscuit in their hand for a given amount of time before
returning it for a better or larger reward. All subjects succeeded
in waiting for more than 10 seconds in this task. The present
study, by comparison, was based on an immediate exchange and
imposed a lower need for self-control in all subjects. They were
also involved in daily training sessions over a 3-month period
where they had to give several Zante raising to obtain twice the
number of raisins. Another experiment gave subjects some
background in discriminating between values of 6 and 18 food
items [601].

Group-living subjects were temporarily separated from their
mates into individual compartments and later released back into
their group. The experimenter sat in front of the wire mesh and
laid four cups containing four potential rewards on the ground in
full view of the subject. The number of potential rewards shown
depended on the quality of the experimenter running the trial. A
test started when the experimenter showed to the subject four
raising on a teagpoon for 2 5. Then she gave them to the subject.
After 3 3, the experimenter held out a hand, palm open, in front of
the subject requesting them back. When the subject gave one or
more raising, the experimenter rewarded the subject by supplying
him/her with a corresponding, larger, number of raisins from one
of the four potential cups (Figure 3). If the subject did not give
raising, the trial ended. We wailted for 2 min after the end of food
consumption before starting another trial.

@ PLoS ONE | www.plosone.org
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Figure 3. Exchange sequence between capuchin monkey and
experimenter. (A} The experimenter presents four raisins on a spoon,
(B} The subject is allowed to take the raisins, {C} The subject is
requested to return the raisins, (O} The subject drops the raisins in the
hand of the experimenter, (E} The subject receives eight raisins in a cup.
doi:10.1371/journal. pone.001 7801 .g003

Experimental Design

Two different experimenters familiar to the subjects were
involved in the testing phase. A first one, the doukling partner,
always returned a number of raising twice those given by the
subjects. Therefore, potential rewards consisted in cups presenting
either two, four, six or eight raisins. The second experimenter, the
fixed partner, always returned eight raising, regardless of the
number of raisins given by subjects (one to four). Thus, potential
reward consisted in one cup among four, each cup presenting eight
raiging. The subjects’ net income, Le. the amount of raising non-
invested by the subject plus those received, could vary depending
on which partner they interacted with (Takle 1).

For training, a first 2 day-period was run where subjects were
trained to give several raisins. Subjects were submitted to one daily
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session of six trials. A different experimenter from the two partners
described above initially provided the subject with either one or
four raising and requested subjects to give them all to obtain eight
raising. Three trials were run in a random order for each
condition. We did not require learning criteria for this step. In a
sccond 2-day training period, subjects were familiarized to the
doubling and fixed partners. They were exposed once (in a single
trial) to the doubling partner and once to the fixed. In order for
them to experience the difference in the reward amount, subjects
had to give at least one raisin to each partner. If they failed, a
second trial was run. Subjects needed hetween 2 and 4 trials to
reach this criteriomn.

With regard to the testing phase, we first tested subjects in
successive sets of two sessions (one session per partner) in a random
order. There was no more than one session of six trials per half-
day. The subjects” net income could vary within one session from
24 to 48 raising with the doubling partner, and from 24 to 66 with
the fixed partner. The partners’ role differed and was counterbal-
anced across subjects; the doubling partner for 11 subjects was the
fixed one for the remaining ten.

Because subjects failed to adapt their strategies according to the
quality of the partner they were tested with, we ran them in a
second phase involving the fixed partner only. We aimed to detect
whether subjects could maximize their gain in a simplified version
of the task. Phase 2 was run to counterbalance the tendency of
subjects to return all 4 raising in Phase 1. Indeed, during the
training phase, all subjects had learned to return a maximum of
raiging, which was the main behavior observed in Phase 1. In
Phase 2 the goal was therefore to reinforce any subject who would
start “giving less”. When subjects did choose the best strategy in
the second phase (giving only one raisin to obtain eight oneg), we
tested them in a third phase, which replicated the procedure of
Phase 1. Phase 3 was then run with the knowledge that the seven
subjects involved had all been capable of both responses, giving
gither a maximum (Phase 1) or a minimum number of raising
(Phase 2). A single subject (Sha) directly passed from Phase 1 to
Phase 3 because of success in Phase 1. Each phase involved
different experimenters.

Whenever the strategy adopted by subjects was not stable at the
end of each phase, and to ascertain that no learning trend was
occurring, we added testing sessions until the performances’ curve
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Figure S1. Number of raisins returned by 13 subjects in Phases 1 and 2.
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Are Monkeys Sensitive to the Regularity of Pay-off?

Sophie Steelandt, Marie-Hélene Broihanne, and Bernard Thierry
Université de Strasbourg, France

Animals commonly face fluctuations in their environment and resources. To maximize their benefits,
they need to integrate the risks attached to potential pay-offs. We do not know, however, to what
extent individuals account for {rregularity in the latter. We tested the sensitivity of monkeys (Cebus
apelia, Macaca towkeana, M. fascicularis) to the irregularity of pay-offs in two different tasks. na
first experiment, the subjects were given an exchange task where the reward probability varied
between different conditions, but yielded the same average pay-off. There was no evidence of
subjects favoring either condition, meaning that they behaved in accordance with the predictions of
the classical decision theory {Expected Utility Theory). In a second experiment, we offered to
subjects a choice between two options involving different pay-off regularity. In this case, a wide
range of inter-individual variation was found in the choices of individuals. Whereas monkeys
accepted irregular pay-off in a rational way, there were individual biases in their preferences. These
results indicate that the preferences of animals in a risky situation were not unequivocally shaped by
the environment in which species have evolved.

Individuals commonly face fluctuations in their environment and
resources. As assumed by behavioral ecology theory, natural selection should favor
decision mechanisms producing optimal strategies, that is, maximizing the net rate
of energy intake while minimizing time investment (Schoener, 1971). In the
foraging context, two main variables influence decision-making, namely the
expected amount of food and the time needed to obtain it. Regarding delay,
animals prefer the variable delay to the fixed delay when choosing between two
options; however, they prefer a fixed amount of food to a variable amount
{(Kacelnik & Bateson, 1996).

In the context of the Expected Utility Theory (EUT), Von Neumann and
Morgenstern (1944) argue that risky choices can be specified both in terms of
outcomes and probabilities of these outcomes, and that how individuals pick one
option rather than another is based on maximizing expected utility. This behavior
is referred to rationality in classical economic decision-making. Thereafter, any
rational, risk-neutral individual should be indifferent when faced with two options
having identical expected outcomes. For example, in animals facing variable and
fixed delays with identical expected delay for the two options, risk neutrality
would prevail if animals do not exhibit preference for either option. In other words,
as subjects prefer the variable option to the fixed one, they are risk-prone regarding
delays and risk-averse regarding food amounts. These results are very interesting
according to the EUT, because it is precisely because animals are risk-averse for
food amounts that they care about risk when seeking food resources.

We are grateful to C. Amaud, M. Bataille, L. Briard, M. Ditheimer, M. Gibert, I. Girard, A. Klein, H.
Le Borgne, L. Legoubey, N. Loudiyi, M. Masquelier, S. Molesti, J. Prieur, C. Ribet, E. Scherrer, and
A. Trouillot, for valuable assistance with experiments. All research complied with animal care
regulations and national laws. The research was supported by a grant from the Agence Nationale de
la Recherche (ANR-08-BLAN-0042-01). Caorrespondence regarding this article should be addressed
to Sophic Steelandt, Département Ecologie, Physiologie et Ethologie, TPHC, CNRS, 23 rue
Becquerel, §7087 Strasbourg, France. {sophie.steelandt@iphc.cnrs.fr).



A number of experimental studies have, however, demonstrated that
human decision-making is not consistent with EUT predictions (Plott & Smith,
2008; Tversky & Kahneman, 1981). Among the well-observed deviations from
rationality, it appears that individuals feel more pain from losses than satisfaction
from equivalent gains; this behaviour is called loss-aversion. Moreover, risk-
aversion in humans is different for upside and downside risk (Camerer,
Issacharoff, Lowenstein, & O’Donoghue, 2003; Tversky & Kahneman, 1981). In
other words, individuals are risk-averse in the domain of gains whereas they are
generally risk-prone in the domain of losses. It has been shown that chimpanzees
(Pan rroglodytes) and tufted capuchin monkeys (C. apelia) display similar loss
aversion when having to give or receive the same goods (Brosnan et al., 2007;
Chen, Lakshminaryanan, & Santos, 20060; Lakshminaryanan, Chen, & Santos,
2008). It is therefore interesting to study non-human primate behaviour when
certain outcomes involve a loss. In the following study, we will avoid labeling
individuals’ attitudes as risk-sensitive if individuals can obtain a gain which is
either equal to zero or superior to the initial investment, the focus will be put on
the impact of the pay-off regularity.

To study economic decision in animals, subjects are typically offered a
choice between two options, a first option with delay or food quantity which
remains constant from one trial to another and a second option with delay or food
quantity which varies from one trial to the next. The reward to be gained is not
predictable at a given trial in the variable option, but as the two options are
equivalent over the experiments, individuals can learn the general pattern of
reward delivery (Bateson & Kacelnik, 1997; Hayden & Platt, 2007). In a visual
gambling task, two rhesus macaques (Macaca mularta) were seen to choose the
less regular options but their preference declined with increasing delay between
choices (Hayden & Platt, 2007; McCoy & Platt, 2005). In a foraging choice task,
Heilbronner, Rosati, Stevens, Hare, and Hauser (2008) found that chimpanzees
preferred an irregular option, whereas bonobos (Pan paniscus) favored the regular
one; the authors therefore assumed that the level of uncertainty of the ecological
environment surrounding a species shapes the economic preferences of individuals.

The ability of animals to compare costs and benefits may be also examined
using a food-exchange task. Non-human primates can readily engage in exchanges
of goods with humans. They attribute values to non-edible tokens and give them
back for food {(Brosnan & de Waal, 2004; Hyatt & Hopkins, 1998; Westergaard,
Liv, Roceca, Cleveland, & Suomi, 2004). They exchange food to receive a
quantitatively or qualitatively more desirable one (Drapier, Chauvin, Dufour,
Uhlrich, & Thierry, 2005; Lefebvre & Hewitt, 1986; Steelandt, Dufour, Broihanne,
& Thierry, 2011) and can wait significant periods of time in order to maximize
pay-off (Dufour, Pelé, Sterck, & Thierry, 2007; Pelé, Dufour, Micheletta, &
Thierry, 2009; Ramseyer, Pelé, Dufour, Chauvin, & Thierry, 2000).

We studied tufted capuchin monkeys (Cebus apellad) and macaques
(Macaca tonkeana, Macaca fascicularis) to assess whether they account for the
regularity of pay-off. In a first experiment, subjects were tested in an exchange
task where the reward probability and the reward rule varied between different
conditions, albeit yielding the same average pay-off. If monkeys were rational
decision makers, they were expected to accept exchanging at the same rate in any
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condition; otherwise, they should behave differently according to conditions. In a
second experiment, the subjects were tested in a choice task where they had to
choose between two options for which the regularity of pay-off differed. If the
sensitivity of animals to reward regularity is shaped by the ecological environment
in which species have evolved, each group of individuals should display the same
patterns of response; otherwise, inter-individual variations should be observed
within groups.

Method

Subjects and Living Conditions

Subjects were maintained at the Primatology Center of the Strasbourg University {Table 1).
Nine tufted capuchins belonged to a group of 18 individuals housed in a 78 m? indoor-outdoor
enclosure composed of several compartments. Four Tonkean macaques belonged to a group of
seven individuals housed in a 35 m® indoor-outdoor enclosure composed of several compartments.
Two other Tonkean macaques belonged to a group of 16 individuals raised in a 1 acre wooded area
including a shelter and a 40 m® wire-mesh fenced enclosure used for experiments. Three long-tailed
macaques were housed together in an enclosure of 10 m? composed of several compartments and
located in an indoor room. Three other long-tailed macaques were socially housed in individual cages
of 125 x 80 x 80 cm allowing visual and physical contacts with others. Commercial monkey diet and
water were available ad /ibifum and subjects were never deprived of food. For testing, group-living
subjects were temporarily separated from their mates and placed in individual compartments using
positive reinforcement. All research complied with animal care regulations, ASP Principles for the
Ethical Treatment of Non-Human Primates and national laws.

Experiment 1

Testing procedure. Subjects had been already involved in food exchange tasks with
human experimenters during previous studies {Pele et al., 2009; Pele, Micheletta, Uhlrich, Thierry, &
Dufour, 2011). We used Corinthian raisins for training and testing. The experimenter sat in front of
the wire mesh and laid three cups containing three potential rewards on the ground in full view of the
subject. The number of potential rewards shown depended on the experimenter running the trial. A
test started when the experimenter showed the subject three raisins on a teaspoon for 2 5. She then
gave them to the subject. After 3 s, the experimenter held out a hand, palm open, in fiont of the
subject requesting them back. When the subject gave one or more raisins, the experimenter could
reward the subject by supplying him/her with raisins taken from one of the three cups. If the subject
did not return raisins, the trial ended. The experimenter waited 1 min after food consumption before
starting another trial.

Experimental design. Subjects were submitted to three different testing conditions. The
subjects could recognize these conditions from different cues. First, the cups containing potential
rewards were laid in full view of subjects. Second, a different experimenter conducted the tests in
each condition. The three experimenters rewarded subjects with different degrees of regularity, the
probability to be rewarded differing between experimenters. A first experimenter regularly gave back
double the number of raisins returned by subjects in every trial; potential rewards in the cups
numbered two, four or six. A second experimenter gave back three rewards for each returned raisin
but only in two trials out of three; in this iregular condition, the subjects did not receive anything in
one test out of three. Potential rewards in the cups numbered three, six or nine. A third experimenter
gave back six rewards for each returned raisin but only in one trial out of three; in this very irregular
condition the subjects did not receive anything in two tests out of three. Potential rewards in the cups
numbered six, 12, or 18 raisins.
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Table 1
Information about subjects.

Subjects Age (yrs) Sex Rearing conditions

Tufted capuchins

Ass* 19 female group-living, indoor-outdoor
Kin 17 female group-living, indoor-outdoor
All 10 female group-living, indoor-outdoor
Pag g female group-living, indoor-outdoor
Am 11 male group-living, indoor-outdoor
Pis g male group-living, indoor-outdoor
Pop g male group-living, indoor-outdoor
Rav 7 male group-living, indoor-outdoor
Sam 6 male group-living, indoor-outdoor

Tonkean macaques

Syb 6 female group-living, indoor-outdoor
Rim 7 male group-living, indoor-outdoor
She 6 male group-living, indoor-outdoor
Sim 6 male group-living, indoor-outdoor
Lad* 12 female group-living, semifree-ranging
Sha 6 male group-living, semifree-ranging
Longtailed macaques

Lou 12 male group-living, indoor

Ram 17 male group-living, indoor

Sad 13 male group-living, indoor

Cas 13 male separated, indoor

Jac 16 male separated, indoor

Joe 12 male separated, indoor

* For reasons irrelevant to the study, Ass (died) and Lad {gave birth) were not tested in Experiment
2. All other subjects were tested both in Experiments 1 and 2.

Training phase. Prior to testing, subjects were run in several training periods carried out
by an experimenter different from the three experimenters involved in testing. Tn a first training
period, the experimenter gave two raising and requested the subjects to return them both to obtain six
raisins. Sessions of twelve trials were tun until subjects succeeded in at least 80% of trials; they
needed between one and four sessions to reach this criterion. They were then run in two sessions of
twelve trials in which the experimenter gave three raisins and requested the subjects to return them all
to obtain six raisins. We required subjects to succeed in at least 80% of trials in two consecutive
sessions; they needed between three and eight sessions to reach this criterion. Tn another 2 day
training period, subjects were submitted to one daily session of nine trials. The experimenter gave
one, two ot three raisins and requested subjects to return them to obtain twice the returned number,
L.e., twa, four or six raisins. Three trials were run in a random order in each condition. The aim was to
show subjects that they could receive a reward amount proportional to the returned number of raisins;
no leamning criterion was required. In a further 2 day training period, subjects were habituated to the
three testing experimenters. Subjects were exposed in a single trial to each of the three experimenters.
Subjects had to give back at least one raisin to each experimenter. If they failed, a second trial was
run; subjects needed between two and seven trials to succeed with all experimenters. Tn the last
training period, subjects were run in daily sessions of nine trials. There were four successive sets of
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three sessions with each session comresponding to one of the three experimental conditions selected in
a random order. This training aimed to lead subjects to learn that the three experimental conditions
were rewarded in different ways. An examination of individual results showed that several subjects
followed a learning curve during these first sets of sessions, but that all displayed stable performances
during the testing phase (Fig. 1).

Testing phase. The testing phase was the continuation of the last training phase in which
subjects were run in daily sessions of nine trials. They were tested in four other successive sets of
three sessions with each session comresponding to one of the three experimental conditions selected in
a random order. The experimenter’s offers in each session were the same in the three conditions, L.e.,
between 0 and 54 rewards depending of the number of raisins returned by subjects. The subjects
could get the same final number of raisins, i.e., between 27 and 54 raisins depending of the number of
raisins returned. The order of trials was randomized in each session for irregular and very irregular
conditions. The role of experimenters was also counterbalanced across subjects; each experimenter
intervened regularly, irregularly or very irregularly with two or three subjects in each species.

Tufted capuchins
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Figure 1. Number of raisins returned by monkeys. Each plot represents the mean number of raisins
returned in one session of nine trials, along with standard errors. Several subjects followed a learning
curve during the first sets of sessions. All subjects displayed quite stable performances during the
testing phase (sessions 5 to §).
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Experiment 2

Apparatus. Subjects faced the experimenter through a wire mesh. Food rewards were
placed on a plastic support (55 cm x 38 cm). Rewards could be obscured by plastic bowls of different
colors and shapes (red bow!l: diameter 12 cm, height 8 cm; grey bowl: diameter 12 cm, height 6 cm;
white bowl: diameter 9 cm, height 9 cm). We used an occluder theight 10 cm, length 40 cm) to cover
the bowls during baiting and prevent subjects seeing how many items were available beneath the
bowls. During sessions, the experimenter placed the options on the support hold-off individuals so
that they could be slid forward within the subject’s reach.

Testing procedure. The experimenter sat in front of the wire mesh and laid two bowls and
two cups on the support. The occluder prevented the subjects from seeing how many items were
loaded on the cups beneath the bowls. The experimenter loaded the cups with the appropriate number
of raisins and covered each side with the comresponding colored bowl. She always loaded the cups
from left to right, in case subjects attempted to infer amounts from body placement. Then, the
occluder was lifted and the experimenter pushed the two bowls forward to allow the subject to make
a choice. The subject then had 10 s to make a choice by touching or jabbing in the direction of one of
the two bowls. The experimenter then moved back the two bowls, uncovered the food amount, and
rewarded the subject with the cup of raisins beneath the chosen bowl. The experimenter waited for 1
min after the end of food consumption before starting another trial.

Experimental design. There were three options for reward. The first option was regular; it
always yielded six raisins. The second was irregular as it yielded nine raisins in two trials out of
three. The third was very irregular as it yielded 18 raisins in one trial out of three. Subjects were
submitted to binary choices between options: regular vs. very rregular, regular vs. irregular, irregular
vs. very irregular. They could choose between a less regular option and a more regular option based
on the shape and color of the bow!l since each bowl was associated with a given option for each
subject. The assignment of bow! color to each option was counterbalanced across subjects. The side
assignments for the options were counterbalanced within sessions. For the two irregular options,
rewarded trials were randomized within each session.

Training phase. Prior to testing, subjects completed two training periods. A first period
aimed at teaching subjects to jab in the direction of one of the bowls. We performed two sessions of
nine trials where we placed four raisins beneath one bowl and 1 raisin beneath the other bowl. The
side assignments for the options were counterbalanced within sessions. There was no learning
criterion for this period. The second period aimed to train subjects to discriminate between options.
The procedure was the same as in testing except that the occluder was not used. Subjects saw the
actual reward quantities for 4 s before the experimenter covered them with the appropriate bowls in
full view of the subject. We performed four daily sessions of nine trials with each choice. For each
training session, subjects were required to succeed in at least 80% of trials. Subjects needed between
four and eight sessions to succeed.

Testing phase. Tn the testing phase, we run subjects in one set of four sessions of nine
trials for each binary choice. There was no more than one session per half-day. The order of sets of
sessions was counterbalanced across subjects. Each set of sessions was run straight after the four
sessions of the comesponding second training period. The subjects’ total pay-off could vary as
follows within one session: from 18 to 90 raisins in the regular/very irregular choice, from 36 to 72 in
the regular/irregular choice, and from 27 to &1 in the irregular/very irregular choice. Note that each
option provided an average pay-off of 54 raisins in each session regardless of the option.

If a subject did not make a choice (i.e., did not jab in the direction of one bowl or did not
touch one of the two bowls) within 10 s of being given access the two bowls, the trial was considered
aborted. If a subject failed to consume all the food, the trial was aborted. If three trials were aborted
in one session, the entire session was ended and the data discarded. Only two sessions were aborted
in this way. Moreover, to eliminate side-biased data, if a subject chose a single side eight or more
times out of nine trials, the data from that session were discarded and the session repeated. Based on
this criterion, 19 sessions were consequently deemed biased.

Statistical Analysis

Data were analyzed using non-parametric statistics with SPSS 17.0 (SPS3 Inc., Chicago,
IL, U.8.A.). The significance level was fixed at 0.05.
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Table 2
Experiment 1: comparison of the number of raising returned by subjects in exchanges differing by
the regularity of pay-off (mean wumber + SD),

Conditions
Subjects r*
regular irregular very irregular
Tufted capuchins
All 2.94 £ 0.04 233 +£0.21 247 £0.19 0.09
Am 2.92+0.08 2.92 £0.08 2.92+£0.06 0.72
AsS 2.94 £ 0.06 2.81+£0.12 233 +£0.20 0.80
Kin 2394+ 0.15 1.89£0.16 1.81 £0.19 0.12
Pao 1.81 £ 0.08 1.56+£0.12 1.61 £0.12 0.27
Pis 3.00+0 3.00+£0 3.00£0 1
Pop 2.97+£0.03 278 £0.11 292 +£0.08 0.10
Ray 300+0 2.92£0.05 294+ 0.04 0.25
Sam 0.92 £ 0.09 1.08+0.14 18k Ok 0.10
Tonkean macaques
Lad 300+£0 2.86 £0.09 286 +£0.10 0.25
Rim 2.92 £ 0.08 2.83+£0.12 283 +£0.12 0.78
Sha 250 £0.19 2.56+£0.17 1.67+£0.24 0.60
She 2.97+£0.03 3.00+£0 2.97+£0.03 0.61
Sim 3.00+£0 2.92£0.08 2394019 0.10
Syb 300+£0 300+£0 3.00+£0 1
Long-tailed macaques
Cas 242 £ 0.16 211 +£0.18 1.58 £0.22 0.10
Jac 300+£0 3.00+£0 3000 1
Joe 2.89 £ 0.07 2.92 £0.08 2924+ 0.08 0.61
Lou 2.86 £0.10 3.00+£0 294+ 0.06 0.37
Ram 3.00+£0 3.00+£0 264 £0.16 0.20
Sad 211 +£0.22 2.06+£0.22 211 +£0.22 1
*Friedman test (N = 36)
Results

Experiment 1

We compared the number of returned rewards in the three experimental
conditions for each subject. The Friedman test did not yield statistically significant
differences between conditions for any subjects (Table 2). We then compared the
mean performances of all subjects in the three experimental conditions. Although
individuals tended to return a larger number of rewards in more regular conditions,
the trend was not statistically significant (regular mean + standard deviation = 2.69
+ 0.07, irregular 2.60 + 0.09, very irregular 2.49 + 0.12; Friedman test: p = 0.064,
N=21).
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Experiment 2

For every subject we compared the number of options chosen in each
binary choice using binomial tests (Table 3). Eight subjects displayed a significant
preference in the regular/very irregular choice, three favoring the regular option
and five the very irregular. Seven subjects displayed a significant preference in the
regular/irregular choice, five favoring the regular option and two the irregular. Ten
subjects displayed a significant preference in the irregular/very irregular choice,
two favoring the very irregular option and eight the irregular. It must be stressed
that only four subjects were consistent in their choices, two always favoring the
more regular option and two the more irregular. Three other subjects were
inconsistent, favoring either the more regular or the more irregular depending on
choices. These various strategies were quite uniformly distributed among the three
species studied. It may be noted however that long-tailed macaques generally
tended to favor the less regular option (Table 3).

Table 3
Experiment 2: preferences of subjects in binary choices between options differing in the regularity of
pay-of.

Ratio of number of choices for more regular options by number of

Buleets choices for less regular options
regular/ regular! irregular/
very irregular irregular very irregular

Tufted capuchins

All 0.83 %4+ 0.94% %+ 0.36

Am 0.64 L.Og*** .00+

Kin 0.28* 0.83*** D224

Pao 0.69* 0.50 0.58

Pis 0.33 0.47 0.31%*

Pop 0.44 0.39 0.1g%**

Ray 0.39 Q.00 ** 0.67

Sam 0.53 0.50 Q.92+

Tonkean macaques

Rim Q.22 1.Og*** 0.00* ¥

Sha 0.75%* 0.58 0.86%**

She 0.61 0.56 0.58

Sim 0.64 0.53 0.33

Syb 0.64 0.86%** 0.33

Long-tailed macaques

Cas 0.47 0.47 0.06%**

Jac 0.31% 0.56 0.17%**

Joe Gl 0.19%% 0.39

Lou 0.33 0.53 0.33

Ram 0.19%%* 0.47 0.36

Sad 0.42 0.44 0.31%*

Values above 0.5 indicate a preference for the more regular option, values below 0.5 indicate a
preference for the less regular option. Bingmial test: N = 36, *p < 0.05, ¥¥p < 0.01, ¥+ <0.001
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Discussion

In a first experiment we found no evidence that subjects were sensitive to
the regularity of pay-off, whereas in a second experiment many of them displayed
a preference, albeit in different directions, when they had to choose between two
conditions differing by the regularity of pay-off.

In Experiment 1, individuals returned a similar number of raisins in three
conditions differing by the probability and quantity of reward in each trial, but not
by the average pay-off in a session. It could be argued that subjects failed to
distinguish between conditions despite the different cues attached to them, i.e. cups
and experimenters. This explanation appears unlikely, however, since there is
ample evidence that macaques and capuchin monkeys can readily learn to
discriminate cues and recognize experimenters (e.g., Kuroshima, Fujita, & Adachi,
2003; Mitchell & Anderson, 1997; Paukner, Anderson, Borelli, Visalberghi, &
Ferrari, 2005). In particular, they can differentiate magnitudes and make “more” or
“less” judgments about discrete quantities (Addessi, Crescimbene, & Visalbergh,
2007; Beran, Evans, Leighty, Harris, & Rice, 2008; Hauser, Carey, & Hauser,
2000; Wood, Glynn, Hauser, & Bamer, 2008). In a study requiring monkeys to
trade tokens for rewards with two different experimenters, tufted capuchins
selected the one providing the higher pay-off (Chen et al., 2006). Besides it is
possible that monkeys met difficulties distinguishing between the three different
conditions; future research should check whether they would show the same
responses when tested with two opposite conditions of pay-off regularity.

Previous works have shown that monkeys display loss aversion. In an
exchange task with two experimenters, capuchin monkeys preferred trading with a
first experimenter who presented and gave a reward rather than a second one who
presented two rewards but gave only one (Chen et al., 2006; Lakshminaryanan et
al., 2008). Yet when important gains are at stake, macaques and capuchin monkeys
can significantly delay gratification; they are able to tolerate loss by giving back a
piece of cookie and can then wait dozens of minutes to obtain a cookie 40 times
larger (Pelé et al., 2009, 2011). The results of Experiment 1 were consistent with
the prediction of the expected utility theory, which states that rational decision
makers should be indifferent between options of same expected pay-oft (Von
Neumann & Morgenstern, 1944). The subjects’ maximal expected satisfaction
corresponded to the same utility function in the three conditions, making
understandable that their performances did not differ in a significant way in the
three conditions. The subjects of the three species studied optimized pay-off by
investing comparable amounts in all conditions. It is noteworthy that they
continued investing despite suffering a full loss in one or two trials out of three.
Whereas the expected utility theory was built to account for the decisions of
human beings, the present results show that it is also applicable to monkeys.

Whereas in Experiment 1 subjects could only accept an exchange or not,
they had to choose between two options differing by the regularity of rewards in
Experiment 2. A main finding of this second experiment is the large amount of
variation observed between subjects. A majority of them displayed some
significant preference, albeit in different directions. Several subjects exhibited
inconsistent preferences, selecting either the more regular or the less regular option
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depending on proposed options. Moreover, two individuals consistently selected
the more regular option while two others consistently selected the less regular one.
Although long-tailed macaques tended to favor the less regular option, the results
showed that there was no single decision-making pattern among subjects. Such
individual biases contrast with the experiment of Heilbronner et al. (2008) who
found that five bonobos favored the regular option, whereas five chimpanzees
favored the irregular option, leading the authors to suggest that the preferences
displayed by individuals depended on fluctuations typical of the environment in
which the species evolved. On the other hand, it is worth noting that large
individual differences remain a major finding from economic experiments in
humans, e.g. in the trust game, the ultimatum game and the dictator game (Scheres
& Sanfey, 2006). The absence of specific patterns in monkeys indicates that
individual sensitivity to the regularity of pay-offs cannot simply be related to the
habitat in which a species has evolved.

Inter-individual variations in patterns of decision-making in risky
situations may be related to the differences in temperament arising from the
influence of factors such as sex, age and rearing history (Clarke & Boinski, 1995;
Coleman, Anntully, & McMillan, 2005; Suomi, 1991). Considering the limited
sample size and the fact that study groups were not balanced for these factors, their
possible significance could not be assessed here. So far, few studies have
experimentally addressed how risks affect economical choices in animals. Future
research should investigate the factors underlying decision-making, and in
particular how chance and the amount of expected losses or gains can shape the
strategies of individuals under various conditions of food income.
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. i Sophie STEELANDT \%
LE DEVELOPPEMENT DES

-’
COMPETENCES ECONOMIQUES
CHEZ L'ENFANT

Résumeé

Malgreé I'importance des interactions économiques dans les sociétés humaines, I'étude de la prise de
décision dans le contexte économique chez les enfants reste rare. Dans ce travail, j'ai testé 802
enfants agés de 14 mois a 10 ans dans des situations expérimentales faisant intervenir une tache
d’échange afin (1) de déterminer 'age auquel les enfants comprennent l'utilisation du don et de
'échange comme des outils permettant de maximiser leur gain, (2) de tester s'’ils integrent le colt
temporel associé a un échange, (3) de rechercher s’ils sont capables d’ajuster leur investissement au
comportement du ou des partenaires d’échange, et (4) d’évaluer leur aptitude a prendre en compte le
risque inhérent a la situation d’échange. Pour chacune de ces questions, jai cherché a identifier
d’éventuels paralleles entre I'efficacité des décisions économiques chez I'enfant et les stades connus
du développement cognitif. Les résultats montrent un changement majeur entre 18 et 22 mois dans
la capacité a donner et échanger. Les enfants sont capables d’ajuster leur temps d’attente a la
guantité de récompense offerte a partir de trois ans. Enfin, on constate que les enfants de plus de
cing ans peuvent adapter leur choix d’investissement selon le comportement des partenaires et le
risque de perte associé a un échange. Il apparait que les compétences des enfants correspondent a
ce gque l'on connait des stades de développement dans les facultés de calcul numérique, de
jugement temporel et de compréhension des états mentaux d’autrui. Ce travail devra se poursuivre
chez d'autres sociétés aux normes économiques différentes de maniére a évaluer la généralité des
résultats obtenus dans cette these.

Mots-clés : enfant, économie, prise de décision, cognition, don, échange, attente, investissement,
risque.

Résumé en anglais

Given the importance of economic interactions in European societies, we have relatively little
knowledge about children’s decision-making in an economic context. In this work, | tested 802
children aged from 14 months to 10 years in experimental situations based on an exchange task in
order (1) to determine the age from which children understand that they can use gifts and exchanges
as means to maximize their gain, (2) to test whether they understand the temporal cost associated
with an exchange, (3) to study whether they are able to adjust their investment according to the
exchange partner(s), and (4) to evaluate their capacity to take a risk during an exchange. For each
guestion, | aimed at identifying potential parallels between the efficiency of economic decisions and
the stages of cognitive development already known in children. Results revealed a major shift
between 18 and 22 months in the ability to give and exchange. Children were able to adjust their
waiting time to the quantity of reward being offered from the age of 3. Finally, | found that children
aged over 5 could adapt their investment according to the behavior of partners and the risk of losing
related to an exchange. It appears that children’s competencies match what is known of the stages of
development in numeric competency, temporal judgment and understanding of others’ mental states.
This work should be conducted in other societies with different cultural and economic norms in order
to assess the generality of the results found in this thesis.

Keywords: children, economics, decision-making, cognition, gift, exchange, waiting, investment, risk.




