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Cooperation in a Game of Chicken with Heterogeneou&agents:
An experimental study

Abstract:

Using a two-stage Game of Chicken, Cabon-DhersthRemani (2007) examine the impact
of population heterogeneity on cooperative behavibor that purpose, they introduce two
different types of agents, namely those who alweysperate and those who strategically
cooperate. The aim of the present experimentalystutb investigate the descriptive accuracy
of the one-stage version of this model. Even thotighlevel of cooperation appears to be
much higher than predicted, our data bring stramgpert to the main predictions that the
structure of the population as well as the strgcifrthe payoffs affect cooperative behaviour.
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Cooperation in a Game of Chicken with Heterogeneou&agents:

An experimental study

Introduction

A huge body of literature has been devoted to thgeemental investigation of
subjects’ proneness to cooperation, in contexwghith game theory predicts that they should
either barely cooperate or not cooperate at ale fost investigated two- and multiple-
person games (prisoner’s dilemma game, trust ganoidic goods game, game of chicken)
describeso-called ‘social dilemma’ situations, in which te&ategic choice of each agent
(who tries to maximize her own earnings) resulta imon-cooperative equilibrium that makes
everyone worse off (Hardin 1971). However, experitaeevidence shows that the level of
cooperation, even in one-shot games, is much hitjfeer predicted by theory (Berg et al.
1995; Gith et al. 1997).

A question remains unanswered at this stage: whyedple choose cooperation while
they may be betrayed by their partner and do net laay monetary incentive to cooperate?

Several kinds of theoretical explanations have beeoposed and empirically
investigated. For instance, biological as well @&®l@gical, anthropological and social
evolution seems to be favourable to cooperatiodl@yi1997). In this respect, social identity-
related factors (Dawes et al. 1988; Kollock 1998amagishi and Kiyonari 2000; Wit and
Wilke 1992), social norms (Thogersen 2008), as wsllsocio-demographic and cultural
factors (Boone and van Witteloostuijn 1999; Gacldemal. 2004) may play a role in the
prevalence of cooperative behaviour. In the sanie personality can be shown to strongly

affect behaviour in interactive settings, with agggive people being less cooperative than



sociable ones (Boone et al. 1999). Moreover, chgas likely to induce psychological costs
that many people prefer to avoid. More generalbme agents appear to be motivated by
considerations of “fairness” and “reciprocity” thatay make them opt for cooperation
(Bolton and Ockenfels 2000; Charness and Rabin;ZB8IR and Fischbacher 2006; Fehr and
Schmidt 1999; Levine 1998; Rabin 1993). Finallygmitive limitations may lead some
subjects to use in one-shot games the rules oflihhey have developed in repeated games
(Goeree and Holt 2001), which may increase then@ness to cooperation in experimental
settings.

The above-mentioned arguments may contribute tdaexpvhy people cooperate
much more than they are expected to. They alsonekmns that strong heterogeneity can be
expected to prevail among people in interactivaérsgs. To be more specific, some recent and
stimulating empirical results suggest that, evesugin a non negligible minority or even a
majority of subjects maximize their own monetarynga a significant proportion of them
exhibits other-regarding preferences. For instangging data from a wide rang of
experiments, Fehr and Gachter (2000) (cited in Can003) estimate that 40 to 66% of the
subjects show a preference for reciprocity, whilly @0 to 30%of them care about their sole
monetary gains (the remaining subjects do not dedmave very clearly defined preferences).
A recent experimental study involving a Game ofdRbn (Neugebauer et al. 2008) suggests
that, even though most of the subjects (83%) tenbehave in a self-interested way and to
maximize their monetary gains, some of them apfmetavour reciprocity and equity.

In the recent years, heterogeneity among agentalbad¥een incorporated into several
theoretical models (e.g. Buskens 2003; Cabon-Dinensd Ramani 2007; Frank 1987; Yaari
2001). For instance, Cabon-Dhersin and Ramani (2Q0DR in the following) examine
(among other things) how proneness to trust ange@adion of a given decision maker is to

be affected by the heterogeneity of the populatien,by the probability that she be faced



with a partner of a different behavioural type. fas purpose, the authors use a two-stage
one-shot Game of Chicken framework (they also erarthie case of the Prisoner’s Dilemma
Game, which will not be studied here). The Gamé&bicken is a social dilemma that has
been much less investigated than the Prisonersnidiia Game (PDG). It describes
interactive settings in which each partner indialtly can behave in a way that will benefit
both partners. Like in the PDG, each partner waléfit more from bilateral cooperation than
from bilateral defectionHowever, like in the PDG, such a cooperative behavis costly, so

it will make no sense for a “self-interested” indival to consent an effort toward cooperation
if she expects her partner to cooperate. In thee,caer best strategy will be defection. But,
contrary to what happens in the PDG, if she exphetspartner to defect, she will have
interest to cooperate, and she will be declared‘¢theeken” of the game. Therefore, in the
Game of Chicken, two pure equilibria exist (coreesing to unilateral cooperation and
unilateral defection respectively), which meangd,tantrary to the PDG, it does not imply
any dominating strategy (for some further detallsw this game, see for instance Kollock
1998a). The Game of Chicken is meant to captuetegfic interactions between individuals,
firms, institutions, social groups, political padiand countries. For instance, it has been often
used to describe military or political conflict (ger 1971, Stone 2001), as well as
negotiations over environmental conventions (Careard Siniscalco 1993, Ward 1993).

CDR (2007) is based on a two-person two-stage GaEn@hicken with two kinds of
players, called the ‘opportunists’ and the ‘non-agppnists’ respectively. In the first stage, the
choice options are to initiate cooperation or hothe second stage (provided cooperation has
been initiated by both players), the options aralimle by one’s commitment to cooperate or
not. In that framework, the ‘opportunists’ seeknt@ximize their monetary gains; they will
not choose to abide by their initial commitmentétmperate unless it is in their interest to do

so. By contrast, the ‘non opportunists’ follow agle rule, which is to always respect their



initial commitment to cooperatelheir actions are driven by some other motives than
opportunism (e.g. self respect, altruism, ethicahsiderations).Furthermore, information
incompleteness is assumed: each agent is awarer @wn type, but ignorant of the type of
her partner in the game. However, the distribubbithe types in the population is common
knowledge. Because it introduces uncertainty agrosgthe type of one’s partner in the game,
heterogeneity is likely to complicate and strongfifiect the way people make their decisions.

For the sake of simplicity, and with no loss of getlity, only the one-stage version of
the model will be experimentally investigated hemeaning that the subjects will only have
the choice between cooperating or not cooperatmghis simplified one-stage framework,
the opportunists will be called ‘strategic cooperst (SCs), while the non opportunists will
be called ‘unconditional cooperators’ (UCs).

Under the previous set of assumptions, and at tmemetrical mixed-strategy
equilibrium, the main and rather counterintuitivegtction of the modesk that, the higher the
ratio of SCs in the population (or, in other wortte higher the probability to meet and play
against a SC), the higher their probability to carape. Besides, a threshold effect is at play,
since a minimum percentage of SCs in the populasorequired to induce a cooperative
behaviour on their part. Another remarkable resilthat, beyond the same threshold (i.e.
beyond the same given proportion of SCs in the |atjom), the degree of cooperation in the
whole population does no longer depend on the ptigmoof SCs, but is only affected by the
structure of the payoffs. Finally, the model presdome predictions about how the degree of
cooperation should be affected by the structutb@fpayoffs.

The main purpose of the present experimental sisidy investigate the descriptive
accuracy of CDR’s model. Using a neutral (contegef display, we wish to examine to what
extent and how both the structure of the populatiod the structure of the payoffs are likely

to affect the level of cooperation among the subjethe main results are twofold:



(i) From a qualitative point of view, subjects appear to behave in accordance witmtdel's
predictions. First, the intensity of cooperationcam the SCs as well as among the whole
population appears to depend on the structureeoptpulation in the theoretically expected
way. Second, predictions as regards the sensitwibehaviour to the structure of the payoffs
are also qualitatively validated: the level of cemiion appears to be a decreasing function of
the unilateral defection gain, as well as an ingirga function of the unilateral cooperation
gain.

(i) From a quantitative point of view, the empirical proportion of cooperative choices$

out to be systematically 20 to 50 points supeondht theoretically expected one.

The theoretical framework and the predictions that experimental study was
designed to test are presented in the followingti®c The experimental design and
procedure are described next. The last two secaomslevoted to the results and discussion

respectively

The theoretical framework and predictions

CDR (2007) is based on a two-person two-stage Gaintehicken with incomplete
information. For the sake of simplicity, and witlh toss of generality, only the one-stage
version of the model will be presented Heres said in the introduction, the population oé th
players is assumed to consist of two kinds of ajesdlled ‘strategic cooperators’ (denoted
SCs in the following) and ‘unconditional cooperatqidenoted UCs) respectively. The SCs
are expected-value maximizers and choose not tgerate unless it pays to do so.

Consequently, the SCs can either defect, choositignad, or cooperate, opting for actian



By contrast, the UCs follow the simple rule alw&yscooperate, whether it pays to do so or
not. Their only option is thus to choose cooperatind playc.

In the game, each player knows her own type andsbiaee probabilistic information
about the type of her partner. el (0, 1) be the probability that the player’s partisea SC.
This probability is exogenously given and is comrkanwledge to all players. Notice that
can also be interpreted as the proportion of SCthénpopulation. Besides, each player
expresses a belief as regards the behaviour deliew player. The game is symmetrical, in
the sense that the structure of the payoffs andoéhiefs of players of the same type are
assumed to be identical. For each player, her emdng belief that her fellow player will not
cooperatdf she is a SC is given by a probability and it lies in the interval (0, 1). So, her
belief that her partnemfatever her type) will cooperate is given by the probability< pa )°.

The payoff structure of the game is as follows. FEptayer winsX if both players
cooperate and if they both deviate. If a SC defects while hertpar cooperates, she géts
> X while her partner gets> Y with L < X. This payoff structure clearly captures the essence

of the Game of Chicken. The matrix of the gamevemyin Figure 1.

Insert Figure 1. about here.

The Game of Chicken allows multiple equilibria. &ndefection is not a dominant
strategy, it is possible that, at least in somelibgia, cooperation prevails even among the

SC$. Here, we will focus on those situations in whimmoperation can be observe in

which the SCs will choose to cooperate with a pasiprobability (1-a) > 0. Besides, since

the structure of the payoffs and the beliefs ofypta of the same type are assumed to be

identical, only symmetrical equilibria will be cadsred.



For a SC, a necessary condition for cooperatiotha her expected returns from
cooperation bgreater than those from defection. This conditegiven by:
p[A-a)X +aL]+ (1~ p)X > p[(l-a)H +aY]+ (I-pH
In other words, we have:

L-Y
(H=-X)+(L-Y)

Q-pa)<T,withT =

Some remarks should be made at this stage. First, Game of Chicken, cooperation is

possible but never certain. In fact, it can be ghéwat the exact probability with which a SC

will defect is given bya =ﬂ. Second, a necessary condition for cooperatiamnterge is
Y

that the probability of non-defection (i.e. the Ipability that the partner chooses cooperation),

given by(1- pa), be not too high. Whe(lL- pa) is equal or superior to a given valligi.e.

when (1- p)=T (witha <1), it is always optimal for a SC to deviate (Theails of the

proofs are givein CDR, 2007).

Result: In the one-shot one-stage Game of Chicken under consideration, the symmetrical

Nash equilibriumis such that:
(i) Whenever p>(1-T), SCswill cooperate with a probability (1 — a) such that:

= 1T 1 H-X
(1=a)=1 o " p(H-X)+(L-Y)

(i1) Whenever p< (1-T), SCswill defect with a probabilitya =1.

Remembering that the a priori probabilityhat the partner be a SC may also be interpreted a
the proportion of SCs in the population, the follogvfour testable assumptions Al to A4 can

be drawn from the previous result.



AL: A minimum proportion (1-T) of SCs in the population is necessary to induce a

cooper ative behaviour on their part.
When the population contains only a few SCs, theiflealways defect because they know

that their partner is very likely to cooperate (Begure 2, left part).
A2: When p > (1—T) , the higher the proportion p of SCsin the population, the stronger their

incentive to cooper ate.

_(1-7)

Whenp>(1—T), a—T at equilibrium. So, the probabilitgassigned by a SC to

defection decreases whprincreases (see Figure 2, right part). Note tlatpfE 1, a = 1-T .
This corresponds to the standard mixed-strategifilequm when there is no heterogeneity in

the population, i.e. when the population containly expected-value maximizers (SCs).

Insert Figure 2 about here.

A3: For any given configuration of payoffs and for any population with p>(1—T), the

proportion of cooperative agents in the whole populatiors constant and equal to T.

As long as the proportiop of SCs remains lower théh—T), the expected return from

defection remains higher than that from cooperateord any SC must defect whatever the

payoff configuration & =1). Therefore, the proportion of agents who coodrathe whole
population is equal to the proportio(L- p) of UCs in the population (see Figure 3, left part).
Whenp becomes higher tha(r.l—T) , the probability of defection (given by the probip a

at equilibrium), decreases gsincreases. Quite remarkably, the exogenous inereashe
proportionp of SCs is exactly counterbalanced by the decreadeir endogenous propensity

to defecta, so that the proportiopa of agents who defeéh the whole population becomes
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constant and equal tb-T . Alternately, the proportimﬁl— pa) of agents who cooperate in

thewhole population is constant and equal To(see Figure 3, right part).

Insert Figure 3 about here.

Ada: The probability of defection a is an increasing function of the return from unilateral
defection (H).
Adb: The probability of defection a is a decreasing function of the return from unilateral

cooperation (L).

= L-Y is a decreasing function dfi and an increasing function df.
(H=X)+(L-Y)
. (1-T) . _ . : .
Sincex :T, a appears to ba decreasing function @f, thus an increasing function dif

and a decreasing function lof

Now, let us present the design of our experimesitady, which aimed at testing the previous

four assumptions Al to A4.

The experimental design

85 subjects (among which 45 female) participatedhim final experiment. All the
subjects were between 22 and 28 years old. Mosherh were undergraduate students in
Economics; the remaining ones were undergraduatekathematics. All of them were aware
of game theory and decision theory, but with nacgmeskills in these topics.

The experiment was run during January and FebrB@6y, and consisted in three

successive and at least 15-days spaced indepesesions. In each session, the subjects’
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task consisted in the filling out of a paper-anaglequestionnaire. Only the results from the
first session/questionnaire will be reported here.

The questionnaire consists of three separate pactading several interactive choice
situations each. In each choice situation, theeslig given a specific Game of Chicken
payoff structure (withX, Y, H andL as in Figure lsupra) as well as some probabilistic

information about the type of her partner (beirthesia SC with a probability or a UC with

a probability(1- p)) and asked to decide whether to cooperate or itbt ver. X (bilateral

cooperation gain) and (bilateral defection gain) are given the same esli= 100 € andr =
50 € throughout the questionnaire.

The first part of the questionnaire aims at investigating whether the subjects’
behaviour changes as the proportion of UCs in tpulation increases from 0% to 100% (or,
alternately, as the probability to meet a UC grdresn O to 1), with the unilateral defection
gainH and the unilateral cooperation gaifbeing kept constant and given the valbdes 120
€ andL = 70 € respectively (Assumptiodd, A2, A3). Thesecond part of the questionnaire
is designed to investigate whether the subject$iab@ur changes as the value of the
unilateral defection gaifd increases from 100 € to 190 €, wjgth= 0.75 andL being kept
constant and given the valle = 70 € (AssumptionAda) Finally, thethird part of the
guestionnaire aims at investigating whether the subjects’ beth@vchanges as the value of
the unilateral cooperation galinincreases from 50 € to 95 €, wiph= 0.75 ancH being kept
constant and given the valte= 160 € (AssumptioA4b).

To facilitate the subject’s task, each part of fitlder includes a series of 3 questions
which is built following the same pattern. A typlichoice situation (drawn from the first part
of the questionnaire) is reproduced in AppendiXmthe £' and 2% questions, the subject is
provided with the extreme values under investigafo= 0 andp = 1;H = 100 € anH = 190

€ L = 50 € andL = 95 € respectively). In the®3question, a table recapitulates the whole
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range of 10 or 11 valuksfor each value in the table, the subject hashmose between
cooperation and non cooperation by tipping the a@ppate box. Note that the
cooperative/non cooperative options are actuallyradly labelled ‘red’/’blue’, while the UCs
(resp. SCs) are labeled ‘type (a) agents’ (resme't(b) agents’) to keep the wording as
neutral as possible and avoid any framing effet® to social and/or moral considerations
for instance .

The folder took about 15 minutes to be completdte Subjects were given written
instructions, which were complemented with some iosdructions. In particular, the subjects
were reminded that their partner would change fom® question to another and that they had
to consider each successive choice in isolatigre@ally when filling in the tablésBesides,
they were reminded that there were neither wrongright answers, and that they could
switch from ‘red’ to ‘blue’ (or the opposite) astef as they wished to, or even choose to
always play ‘red’ or always play ‘blue’.

The patrticipants were paid 5 euros for particigatmthe whole study (they were paid
once they had completed the third questionnaire)reldver, to help them consider their
decisions as real despite the apparently fictitioature of the choice situations, a high-
incentive performance-based payment procedure gasirdroducedn each session. At the
beginning of the session, the participants wererméd that i) two of them would be selected
at random at the end of the sesSjdi) each of them would be asked to draw (at rampone
of the choice situations included in the questiarnand to play it out for realgainst a real
partner (namely another participant), iii) her gains wodkepend on her previous choice as
well as on her partner’s previous choice. More itketes regards the instructions as well as the
payment procedure are available upon request.

Note that Assumption&\l to A4 could not be tested unless the subjects’ type be

identified. In our experiment, each subject wassgifeed through her behaviour in a single
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choice situation, namely the one encapsulated es@an 1.2. (“Which colour do you choose
when you have 100% chances to meet a partner ef (gp who always chooses ‘red’?”).
Indeed, this choice situation is the only one inahany self-interested subject is required to
defect (play ‘blue’). So, those subjects who chimseooperate were labelled as non SCs, and
the defective ones as SCs. Naturally, this ratreakncriteria does not ensure that those latter
subjects were genuine SCs. But the main point & their behaviour throughout the
guestionnaire was fully compatible with that of @. 8esides, and quite reassuringly, the rate
of subjects labelled as SCs using our criterioneapp to be very close to that found in
Neugebauer et al. (2008)’s study involving a Gafn€&hacken (86,7% versus 83%).

Now, what about those subjects who chose to cotgaraChoice Situation 1.2.? As
said before, those subjects were not classifiddGs but asion SCs. To understand why, the
argument is twofold. First, an important point taka is that we did not need to collect any
empirical information about the UCs to be able ¢sttAssumptions Al-A4. Indeed, the
behaviour of a UC is unambiguous since she alwagperates. So, given the proportion (1 —
p) of UCs in the population (provided in each scenaf the questionnaire), the proportion of
cooperative choices among the UCs could be obtam#uut considering the empirical
population of UCs (it is simply equal to (1 $)). Second, we are well aware that the a priori
SC and UC two categories are unlikely to exhaustcthmponents afeal world population.

By the way, most of the subjects who chose to catpan Choice Situation 1.2. were not
genuine UCs, since they choset to cooperate in some other choice situations.t Semuld
have been fallacious to label them as UCs.

This basic ambiguity, as well as the fact thatwese not really interested in the UCs,
led us to exclude from the set of data that wasl isenvestigate the descriptive accuracy of

the model all the subjects whose behaviour wasfuilyt compatible with the SC profit&
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After discarding those subjects who appeared tdyme erratic answers, we were finally left

with a 72 subject sample.

Results

We successively examine the impact on cooperatibmpapulation heterogeneity

(Assumptions Al to A3) and payoff structure (Asstions Ad4a and A4b).

Cooperation depending on the structure of the population
We successively discuss the impact of populatidarbgeneity on cooperation among
the SCsA1 andA2) and among the whole populatioh3)).

First, note that, thanks to the law of large numapé¢he probabilitya that a SC
deviates (resp. the probabil(ﬂy— a) that a SC cooperates) can be proxied agptbgortion

of non cooperative choices (resp. cooperative @sdiamong thempirical SC population.

Now, Graph 1 reports both the theoretical and ecgliproportions of defective SCs
depending orthe proportion of SCs in the population. A propamtitest shows that, for any
strictly positivep, the difference between the empirical and thecaietevels of cooperation is
always very significant and positive (every p-valseequal or inferior to 0.001). Moreover,
the degree of over-cooperation increases priil0.75. To better describe the results, we now
distinguish the low and high parts of the curves.

For any p<(1-T) = 0.5,Al predicts that the SCs should not cooperate afatlp =

0, all the SCs actually defect (as a result of ¢hiterion used to identify the SCs in our
population). But whem grows from 0 to 0.5, the gap between the empiacal theoretical

levels of cooperation grows, reaching almost 40#fpfe 0.5.
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Whenp>(1-T)=0.5, the level of cooperation grows @sincreases (i.e. as the

probability of playing against a SC increases)peslicted byA2. And the theoretical and
empirical curves appear to be remarkably paralidlich suggests that the model works
qualitatively well when the SCs are in a majoritythhe population> 0.5). Nevertheless, the
initial gap between the theoretical and empiriealels of cooperation remains, and is kept
rather constant for 0.&< p< 1. It is noteworthy that, in the standard casehouit
heterogeneity (i.e. fop = 1), the level of cooperation is 20% higher thapested: while no
more than 50% cooperative choices should be obdeaweong the SCs, this rate actually

reaches 70%.

Insert Graph 1 about here.

Now, as regard®#3, note that the proportion of cooperative choicestie whole
population, given by(1-a)+(1- p), was computed using tteenpirical proportion(1-a)

of cooperative choices among the SCs (identifieduas using Question 1.2.), ttieoretical

proportion p of SCs in the population given in each scenariogd dhe theoretical

complementary proportio(L- p) of UCs.

A3 predicts that the proportion of cooperative cheite the whole population
depending on the proportion of SCs in the poputasioould decrease from 100% to 50%pas
grows from 0 to 0.5 (see Graph 2). Then, this pridgpo should remain constant, the increase
in the proportion ofcooperative SCs being exactly counterbalanced by the decreatee
proportion of UCs (who always cooperate). Though ecampletely supported by our data
from a quantitative point of viewthis strong theoretical property appears to beitgtiaiely

rather satisfied.
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As regards the left part of Graph{fBom p = 0 top = 0.25), the theoretical and empirical
curves match very well. Looking at Graph 1 may hetderstand why. Actually, our SCs do
cooperate more than expected (remember they sinotildooperate at all), but since they are
in a small minority in the population, their behawi has not much impact on global
behaviout™.

Now, fromp = 0.33 top = 0.5, cooperation decreases slowlier thiamould, so that the
global level of cooperation remains 20% too highc®again, the explanation can be found
in Graph 1. Indeed, the degree of over-cooperamong the SCs grows with Since their
weight in the population increases, the degree wér-cooperation among the whole
population also increases.

Fromp = 0.5 top = 1, the level of cooperation remains too highvéities between 70
and 80% instead of remaining constant at 50%). b\age the empirical curve exhibits a
somewhat inverse-U shape instead of a flat shapihws due to the fact that the degree of
over-cooperation among the SCs tends to decreagegasws. Since their weight in the
population increases, the aggregate level of ogeperation is also affected downward.

Anyway, a striking and noteworthy result is that flevel of cooperation observed for

p=1is equal to its value fqo = 0.5, which fits the theoretical prediction and)gests that

the difference between predicted and observed ba&lvais essentially quantitative: on the
one hand, the level of cooperation does not draatidecrease as it should, and it always
exceeds the predicted level by about 20 points; dmutthe other hand, the empirical curve

appears to be quite remarkably parallel to therdtezal one.

Insert Graph 2 about here.
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Cooperation depending on the structure of the payoffs

The level of cooperation has been shown experiigntadepend on the structure of the
payoffs (see for instance Sherman, 1969 or Gu#l.e1997). CDR (2007) predicts how the
structure of the payoffs should affect behavioursgdmptionsAd4a and A4b). Our
experimental study precisely allows us to inveséigdda and A4b and to identify the role
played byH, the unilateral defection gain, and bythe unilateral cooperation gain.

First, the level of cooperation is expected to dase adH grows {H4a), with a
maximum level of cooperation of 100% fidr= 100 €, and a flat right part and no cooperation
at all whenH becomes superior or equal to 160 €.

The level of cooperation actually appears to demremsH grows. Once again, the
empirical level of cooperation appears to be quatntely higher than expected by 30 to 50
points, and this difference in level is highly sfgrant for allH (z test; every p-value is equal
or inferior to 0.001). But, on the other hand, #mpirical curve appears to be qualitatively
similar to the theoretical one (see Graph 3).

Quite remarkably, the percentages obtained forlabe4 valuesH = 160 €, 170 €,
180 €, and 190 €) appear not to be significantiigecent(proportion test, p-value: 0.754). The
level of cooperation can thus be considered astaohbetweerH = 160 € andH = 190 €,
which fits the theoretical prediction. However, tleeoperation curve is still strongly
translated upward: while for arty > 160 €, theory predicts that the SCs should nodong
cooperate, the level of cooperation actually remaimongly positive (about 25/30%), even

for the very deterrent gain of 190 €.

Insert Graph 3 about here.
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Now, the level of cooperation is expected to inseead. grows {H4b), with a flat left
part and no cooperation at all as lond_as inferior or equal to 70 €, and a maximum |evel
cooperation of about 25% far= 95 €.

The level of cooperation actually appears to ineeeasL grows. However, as
previously, the observed level of cooperation appeabe much higher than predicted (with
all p-values equal or inferior to 0.001). Threekstig features are worth noticing. First, the
left part of the empirical curve_(< 60 €) is flat, as predicted by the model. Theneaturally
a quantitative difference, since some cooperatiosi® while there should be no cooperation
at all. But it seems that, as expected, pronemessdperation is not sensitive to variations of
L whenL is kept small. As a second important feature,l¢vel of cooperation dramatically
increases whe. grows from 60 to 80 €, as if the subjects becanghly sensitive to
variations ofL whenL is given intermediate values, with a gap reacltigp forL = 80 €.
Thirdly, and contrary to theoretical predictiortsg right part of the empirical curve appears to
be flat, as if the subjects became insensitiveagations ofL whenL is given high values
(from 80 to 95 €). A proportion test run on theeraf non cooperative choices for these 4

values gives a p-value of 0.964.

Insert Graph 4 about here.

Discussion

Methodological discussion: the experimental design

Part of the gap between the predicted and obsdexesds of cooperation might be

explained by the fact that it was actually impokesito fully replicate experimentally the
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conditions under which the theoretical predictiovexe obtained. To be specific, two main
assumptions had to be made as regards the behafiosal subjects when designing the
experiment to allow for the testing of the modehc® it is actually impossible to know
whether these assumptions were experimentallyfieati®r not, they might be viewed as
undesirable ‘auxiliary hypotheses’, raising a Duk@oine argument and preventing us from
drawing clear-cut conclusions from our data (seerfstance Starmer, 1999). In the following
paragraph, we will present these two assumptioasw@l as some empirical arguments
allowing us to remain quite confident about ouradat

The first assumption that was implicitly made irr @xperimental design regards the
nature of the equilibrium played by the subjectmamely a mixed-strategy equilibrium.
Indeed, the four predictions Al to A4 we aimed ratestigating were obtained at mixed-
strategy equilibrium. But the model itself offersultiple equilibria, and we can actually not
be sure that our subjects coordinated toward theedrstrategy equilibrium. Furthermore,
CDR (2007)’s theoretical results were obtained wrttie assumption of symmetry, under
which the agents are assumed to consider that antgep of the same type should have the
same beliefs as theirs. Obviously, this may notrbe in the real world. In our experiment, it
may have been the case that some of our subjectsdened that their fellow player would
have different beliefs and would play a differequdbrium.

Though theoretically valid, we think that this angent can be dismissed using several
empirical counter-arguments. First, the qualitataimilarity between the theoretical and
empirical curves (see Graphs 1 to 4, Section 4a3ugrggests that the experiment succeeded
quite well in capturing the qualitative featurestod model. Second, even though the subjects
did actually not elaborate mixed strategies, thet fdnat aggregate behaviour roughly
coincides with mixed-strategy equilibrium behaviogives some weight to thas if

hypothesis, which has received some support ina@oas (Friedman and Savage, 1948). By
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the way, mixed strategies can also be interpretdtie@aggregate result of the mix of different
pure strategies among the subjects.

The second assumption we wish to discuss here gmntke categorization of the
population. The questionnaire implicitly followedD& (2007) in assuming that the
population of subjects be divided into two classkagents, namely the SCs and the UCs. As
already mentioned in Section 3, we are well awaaé these a priori categories are unlikely to
exhaust the components odal world population, and that some other behavioural types
could be identified (for instance a category ofcanditional defectors’, who always choose
to defect; see Neugebauer et al.,, 2008 for an ebearap a four-type categorization).
Obviously, if some subjects in our experimentaldgtturned out to be of another type, this
would prevent us from testing the two-type modetleamconsideration. However, several
counter-arguments can be put forward, that minintiee empirical weight of the previous
argument. First, in the pilot experiment as welirathe final experiment, none of the subjects
showed either disagreement or surprise towardwloetype categorization when filling out
the questionnaire. Furthermore, remember that ¢mbge subjects whose behaviour was
consistent with the behaviour of a SC were retaifeddata analysis. Maybe they were
actually something else, but for our purpose, ahlgir behaviour matters. Besides, the
subjects whose behaviour was inconsistent with eepevalue maximizing were simply
considered as non-SCs. Implicitly, this allowedtogake into account the possibility that
some subjects be neither SCs nor UCs. And to Keepdata as unambiguous as possible,

these subjects were not included in the final data
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Discussion of the results

The influence of social determinants

Even though our experimental design may have intted some noise in the data, it is
unclear how the simplifications we made could bspoasible for the high level of
cooperation observed among the subjects.

However, such factors as personality as well asakamr equity considerations
(reviewed in the introduction) may have obviousbntibuted to our result$or instance, a
huge amount of recent economic literature suggtsis contrary to what basic theory
suggests, people do care about the way gains amedstout between them and others
(McClintock and Liebrand 1988) and tend to exhdatial preferences such as preference for
reciprocity or inequity aversion (see Fehr and lbscher 2002 for a survey). Preference for
reciprocity entails that actions that are perceiteete kind (resp. hostile) will be reciprocated
in a kind (resp. hostile) manner (Rabin 1993; Levil®98; Charness and Rabin 2002).
Inequity aversion can be viewed as a kind of altruism: inequity-aeepeople will try to
promote their partner’s earnings — provided theseairgs remain acceptable as compared to
theirs (Fehr and Schmidt 1999; Bolton and Ocker2€i80). In this framework, even selfish
people may be induced to make ‘non-selfish’ choiGéss may contribute to explain why our
subjects cooperated much more than predicted in (2DB7).

Demographic as well as socio-cultural determinamy have also played some role in
our results. For instance, social identity has bgleown to promote cooperative behaviour
among in-group members (Dawes et al. 1988; Kolla&@8b; see also Yamagishi and
Kiyionari, 2000 and Simpson, 2006 for some recemtkvon the links between social identity
and cooperation), due to ‘the shared and mutuatepéion by in-group members of their

interests as interchangeable’ (Turner et al. 198ifice our sample was highly homogeneous
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as regards age and human capital (all of them gea@duate students), as well as social group
identity (most of them were students in a Frenctaf@es Ecole’), it may be the case that all
these factors combined to induce highly cooperdigteaviour.

To complete this discussion, we would like to raasmther possible explanation for
the high level of cooperation observed among objesis. This explanation has to do with

the subjects’ attitude toward risk.

Therole of risk attitude.

As most game theoretical models, CDR (2007) assuhmsthe SCs maximize the
expected value of the game. What we wish to do roto relax this core assumption by
introducing more sophisticated preferences unddy, allowing the subjects to subjectively
deal with outcome and probability in a non lineasHion instead of simply maximizing
expected value.

Intuitively, the basic uncertainty that is assomiatwith the partner's behaviour
(Sabater-Grande and Georgantzis, 2002) makesutatdb consider interactive situations as
a kind of risky situation — involving risky payofisith a probability distribution over the
payoffs. In this perspective, the decision to coafee(or trust one’s partner) may be viewed
by the subject as equivalent to taking a risky (Bzthnet and Zeckhauser 2004, Eckel and
Wilson 2004). If so, her risk orientation is likely influence her ‘cooperative attitude’. In the
Game of Chicken (and contrary to what happensearPiG), the cooperative strategy (action
c, see Figure 1 supra) appears to be less riskyttlganon cooperative one (actid)y since it
allows to avoid the worst payoff in the worst oute (bilateral defection). So, more risk
aversion can be expected to result in more coadperdh CDR (2007), the risky nature of the
game is all the more obvious since it introduceseeond kind of uncertainty through the

probabilistic type of the partner. The decision srakas to think about both the type (SC or
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UC) and the behaviour (cooperation or defectionhef partner. To our knowledge, only a
few experimental studies have been trying to ekpliink together attitude toward risk and
attitude toward cooperation (Bohnet and Zeckha@6é4d; Brennan et al. 2007; Dolbear and
Lave 1966; Eckel and Wilson 2004; Sabater-Grandeegtrgantzis 2002nfortunately, no
conclusive result can been drawn from these quitdradictory studies. Part of the apparent
contradiction may come from the fact that attittolward risk strongly depends on the way it
is elicited. For instance, the subjects’ degreeisk aversion turns out to be higher when
elicited in an interactive context (in a socialediima for instance) than in an exogenously
risky context (through the comparison of lotterfes instance) (Bohnet and Zeckhauser
2004). This may obviously confuse the investigatainthe connections between attitude
toward risk and proneness to cooperation.

Anyway, a huge body of theoretical as well as eroglirliterature in the field of
individual decision making under risk strongly comfs that most people are not risk neutral
and do not treat outcomes and probabilities lieathen making risky decisions (see for
instance Camerer, 1995 or Starmer, 2000 for a guryesofar as our interactive decisions
can be viewed as risky, it does not look implawsthit individuals use similar decision rules,
and deal with outcomes and probabilities in a niaear fashion, instead of maximizing

expected-value as postulated by the basic model.
: . o (1-T)
Formally, in CDR (2007), the SCs’ probability offdetion, given byr =—+ | can
p

be formulated as an explicit function of both theicture of the payoffs and the proportipn
of SCs in the population (see Result (i), Sectiosupra). The fact that the probabilitg
(empirically given by the frequency of defectiveowes) be much lower than theoretically

expected can be imputed to either some overweiglatirthe probabilityp of meeting a SC,

or undervaluation di.—T), or even both.
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For instance, reading Graph 1 horizontally shovet the 30% level of cooperation
that should be observed fpr= 0.7 is actually observed fqr = 0.45. This suggests that
subjects behavaes if they consideregh as much higher than it actually is (they cooperate
much more than they theoretically should), i.ef #sey overweighted it.

Similarly, assuming that the subjects deal withcoates through some utility function
u might help understand why they behave as they Henwd varies. The gap between
empirical and predicted behaviour is especially ev{geaching 50%), and the difference
between the two increases then decreasés@sws. Since the impact &f on behaviour is
examined for a given proportion of SCs, which iptkeonstant throughout the questiops=(
0.75), subjective probability weighting alone canaocount for the data. A more plausible
explanation is that the subjects do not value thefection gain as much as they should, had
they been expected-value maximizers. For instamegling Graph 3 horizontally shows that
the level of defection observed whéh= 150 (respH = 190) corresponds to what was
expected forH = 120 (resp.H = 130). This suggests that the subjects belemvd they
systematically and significantly (by 60 in the masttreme case) undervalued eitlibe
unilateral defection gaiHl (i.e.u(H) <H) or the difference betweédth and the other elements
of the matrix (being held constant). Such undemtabuin of the defection gain may help
understand why the subjects keep on cooperatinig ey no longer should.

Similarly, since the impact df on behaviour is examined for a given proportion of
SCs (namelyp = 0.75), most of the large and varying gap betwaeicted and observed
behaviour cannot be interpreted in terms of prdigbieighting alone. Reading Graph 4
horizontally shows that, for instance, the level amioperation obtained fdr = 50 € is
identical to the theoretically predicted one lfor 85 €. This suggests that the subjects behave
as if they systematically and significantly (by iB5the most extreme case) overvalued either

the unilateral cooperation galn (i.e. u(L) > L) or the difference between and the other
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elements of the matrix (being held constant). Smeatrvaluation of the cooperation gain may

help understand why the subjects begin to cooperiile they should keep on defecting.

Conclusion

The experimental study described in this paper diateinvestigating the descriptive
accuracy of a recent game theoretical model inmghva Game of Chicken with agents’
heterogeneity (CDR, 2007). The core and rather teosuntuitive theoretical prediction we
wanted to confront with real behaviour was the itted self-interested people’s proneness to
cooperation tends to grow as their weight in theypation increases. From a qualitative point
of view, our data tend to support this predictiBesides, the level of cooperation appears to
be a decreasing (resp. increasing) function ofithikateral defection (resp. cooperation) gain.

Nevertheless, our data show a high level of codjera Although usual
psychological, sociological and cognitive explamas should obviously not be excluded, our
data suggest that attitude towards risk, and muoeeifically the way the subjects subjectively
deal with outcomes and probabilities, may have atsdributed to this strikingly high level
of cooperation. Game theory assumes that the dabpre expected-value maximizers.
Contemplating the possibility that individuals maxie their expected utility, or even some
more sophisticated functional (as in Cumulative spext Theory, CPT, Tversky and
Kahneman 1992 for instance), may help accountHerdap between standard theoretical
predictions and observed behaviour.

Unfortunately, our data do not allow us to ensina the subjects actually dealt with
outcomes and probabilities the way we suggesthim respect, a future track for research
would be to build an extension of CDR (2007), inichhagents would be endowed with CPT

preferences, thus allowed to deal with both out@red probabilities non linearly. In that
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extended framework, some new predictions could tagvid and confronted with observed

behaviour in a more systematic manner.
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NOTES

In that study, personality was captured througlihsndicators as sensations seeking or locus ofabnt

The pilot experiment was run using the two-stagesige of the game, involving a first choice between
entry and non entry, and, in case of entry, a stahiwice between cooperation and non cooperatiba. T
resulting choice situations appeared to be too ¢exnjpr the subjects, resulting in poor concentratand
unreliable answers.

This probability corresponds to the probabilityp to meet a UC (who always cooperates) added to the
probability (1-a) p to meet a SC who chooses to cooperate.

It is a well-known result in standard game theorién all players are assumed to be ‘self-inter&stbdt
any Game of Chicken offers three equilibria, twatefm involving pure strategies. In this case, ohthe
players initiates a conflict and the other one &®soto cooperate, leading the latter to be decldred

« chicken » of the game. The last equilibrium imesl completely mixed strategies, with each player

assigning a positive probability to each of heratgtgies, so as to maximize her payoffs. So,

(1—a) =L/L+H corresponds to the mixed-strategy equilibriumhef game when there is no heterogeneity

in the population, i.e. when all the players aguased to be ‘self-interested’.

Indeed, even if only the ‘deep structure’ of thengais theoretically relevant for decision-makirtgre is a
huge body of evidence confirming that the ‘surfatrecture’ (framing, wording, etc.) sharply influss the
way people behave (Poppe, 2005; Wagenaar et 88).1M this respect, a socially-oriented framinigim
prevent a proper investigation of CDR (2007)’s jc8dns and confuse the data.

The first two questions actually provided guidarficethe subjects. They were introduced after tHetpi
experiment showed that it was easier for the stbjecthink of extreme values (which often indutee
decisions, due to dominance effects for instaricsf) f

Tables offer the advantage of simplicity and contyabut they may also encourage the use of unalelsir
heuristics.

Actually, since the sessions were completely inddpat from each other, each of them had its own
performance-based payment procedure.

Even though the ex ante probability of gain is guiw, the subjects appeared to be very sensitived

payment procedure: they focused on the best outcather than on the probability of winning.
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10. Of course, non-SC subjects were not excluded froenpterformance-based payment procedure. Neither
were the subjects who produced erratic answers.

11. Global behaviour is actually almost entirely drivignthe UCs’ deterministic behaviour.
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FIGURES AND GRAPHICS.

Figure 1. A typical matrix of the Game of ChickeRl & X >L >Y)

Player;j
l-a a
c d
1-a ¢ X: X L;H
Player i
a d H;L Y;Y
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Figure 2. The probability of defection depending on the prtipa of SCs in the population

a(p)

1-T

1-T 1

1 We consider here the following payoff structures 120,L = 70,X = 100 andY = 50.
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Figure 3. The proportion of cooperative choices in the whapulation

depending on the proportion of SCs in the poputétio

Proportion of cooperative choices in the whole popoiat

100%

1-T
Proportion of SCs in the population

2 We consider here the following payoff structudes 120,L = 70,X = 100 andY = 50.
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Graph 1. Proportion of non cooperative choices among tBe S

depending on the proportion of SCs in the poputatio
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Graph 2. Proportion of cooperative choices in the wholpylation
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Proportion of non cooperative choices

Graph 3. Proportion of non cooperative choices among tBe S

depending on unilateral defection gain H.
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Proportion of non cooperative choices

Graph 4. Proportion of non cooperative choices among tBe S

depending on unilateral cooperation gain L
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Appendix A: A typical choice situation (drawn from the first part of the questionnaire)

You are facing a partner. You both have two avélaptions: playRed or play . You

do not know what your partner is going to do, bafirygain depends on both your own choice
and hers.

The matrix below gives the different choices foruyand your partner, as well as the
corresponding gains. Your gains ardoid:

The choice of my partner

Red

Red 100 € 100 € 70 € 120 €
My choice

120 €70 € 50€ 50 €

Question 1.1 :

You have 100% chances to meet a partner e (b) who plays eitherRed or
depending on her potential gains as well as on simathinks you are going to play.
Which colour do you choose?

o Red

O

Question 1.2:

You havel00% chances to meet a partnertgbe (a)who always play&ed
Which colour do you choose?

o Red

O

Question 1.3:

We are now in the general case. Your partner has:
- X% chances to be aype (a), in which case she always playsd
and
- (100-X)% chances to be dfpe (b), in which case she plays eitheed or )
depending on her potential gains as well as on whatthinks you are going to
play.

Which colour do you choose for the different valueof X that are given in the table
below?Just tick the appropriate bok€d or ) for each of these values.
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X% chances to meet a
partner of type(a) — >
(who always play&ed

0% | 10% | 25% | 33% | 40% | 50% | 60% | 66% | 75% | 90% 100%
(or (or (or (or
1/4) 1/3) 2/3) | 3/4)

Your choice

Red

| |

Question 1.1. Question 1.2.
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