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ado and Professor Alejandro Rosas, for their insightful comments. I also want
to thank to all the persons that contributed to this work with their helpful com-
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Chapter 1

Introduction: Experiments
for a Better Understanding
of Social Dilemmas

Laboratory experience suggests that all of the
characteristics of “real world” behavior that we
consider to be of primitive importance –such as

self-interest motivation, interdependent tastes, risk
aversion, subjective transaction costs (time is

consumed), costly information (it takes time to
acquire and process information), an so on– arise

naturally, indeed inevitably, in experimental
settings.

Vernon Smith, Experimental Economics: Induced
Value Theory (American Economic Review, 1976)

Vernon Smith was awarded with the Nobel Prize in Economics in 2002 for his
contributions in experimental economics, in fact, by providing the foundations
of the empirical research that allow us to talk abour economics as an experi-
mental science. He pioneered the understanding of market institutions through
controlled laboratory epxeriments, particularly, in our early recognition of the
double auction as the most efficient and powerful trading institution. In addi-
tion, Smith invented the notion of a “disciplining institution” (Eckel, 2004). In
oral double auctions “greedy” buyers and sellers are punished by the market,
leaving them without feasible transactions and forcing them to propose less am-
bitious transactions in the future. According to Smith, self-interest motivations
arise inevitably as a reflection of human behavior in experimental settings, and
this individualistic pursue of material incentives is, by itself, the “disciplining”
instrument responsible of enhancing the efficiency in trading markets. Following
Adam Smith’s words1, is in the best interest of each individual to avoid disad-
vantageous exchanges, promoting, unconsciously, the outcome socially desired.

1“Every individual... neither intends to promote the public interest, nor knows how much
he is promoting it... he intends only his own security”(Smith, 1776)

3
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Nevertheless, not in every economic interaction the self-interested motiva-
tions will lead us to the socially desired outcomes. The two classical examples
are the voluntary provision of public goods and the joint extraction of a common-
pool resource. If, as Vernon Smith suggested2, self-interested motivations are
inherent to human behavior (Smith, 1976), we will expect null contributions
for the public good provision and the collapse of the common-pool resource
due to overextraction. Unfortunately, or in fact fortunately, economic experi-
ments recreating these social dilemmas reveal behaviors unconsistent with the
homo economicus predictions (For complete surveys of these results in volun-
tary contribution mechanisms and common-pool resource games see Ledyard
(1995) and Ostrom (2006) respectively). In this way, the experimental methods
initially proposed to study human behavior in exchange markets were rapidly
adapted to study non-market interactions concerning other economic problems.
By doing this, researchers exposed the weaknesses of the standard assump-
tions of self-regarding motivations and started proposing alternative models in-
cluding other-regarding preferences into the utility function. These preferences
for the outcome of the others were expressed as altruism, reciprocity and in-
equity aversion (Rabin (1993); Levine (1998); Fehr and Schmidt (1999); Bowles
(2003)), and have provided better explanations of human behavior under non-
competitive markets and strategic interactions conducing to social dilemmas.

Experimental methods were introduced into the economic science as a tool of
validation of economic hypotheses assuming hyperrationality and self-regarding
preferences, but they became a tool of falsification for the same assumptions
under strategic but non-market interactions. Thereby, the homo economicus
explanation was replaced by alternative explanations closer to other behavioral
sciences such as psychology, biology, anthropology and political science. Propos-
itive arguing among these different disciplines will provide a more complete un-
derstanding of human decisions, however, transdisciplinary work requires the
integration of a novel framework based on the interplay of an evolutionary per-
spective with game theoretical models, incorporating other-regarding prefer-
ences as well as empirical tools based on decision-making experimentation and
neuroscientific measures. The acceptance of what Gintis (2007) proposes as the
“framework for the unification of behavioral sciences” implies the expansion of
the researcher’s toolbox, aiming to contribute to a more complete discussion of
human interactions:

“Why do biologists use agent-based models, whereas economists
consider them unworthy of recognition? Why do sociologists ignore
the brilliant cultural models developed in biology? Why do some
disciplines tolerate learning-by-experience models but not imitation
models? Why do psychologists delight in interpreting their findings
as undermining economic theory? Why do some disciplines barely
tolerate analytical methods, while others barely tolerate applied, his-
torical, and ethnographic methods? (Gintis (2007), p.53)”

2Vernon Smith’s recent research includes the analysis of trust and reciprocity in bargaining
games under incomplete contracts (McCabe et al., 1998). Even if their empirical findings are
closer to a cooperative outcome than to a coordination failure, Smith’s explanations are based
on self-interested motivations
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This dissertation is the result of an attempt to understand how institu-
tions and social-preferences affect human cooperation under two distinct social
dilemmas, a 2−person public goods game and the extraction of a common pool
resource by several players, through the use of experimental methods to analyze
individuals’ behavior. In this work we address two main questions: (i) how the
perception of potential inequality erodes asymetrically the intentions to coop-
erate, i.e., how the fear of being taken advantage of might have a worst effect
than the greed induced by the temptation of taking advantage of the other; and
(ii) how centralized communication networks influence cooperative responses to
messages according to the number of receivers. Theoretical foundations in these
questions are akin to the perspective of a behavioral scientist, by providing ex-
planations to our experimental results based on the coexistence of selfish and
other-regarding behaviors, and the internalization of social norms endogenously
established.

We start by analyzing how potential inequality affect the strategic interac-
tion in a cooperation dilemma. The main issue we try to address in the first part
of this work is to determine asymmetric effects between the two motivational
pressures to defect. Under some situations, the incentives to defect are concen-
trated in the large benefits received by the individual if the opponent cooperates
and he takes advantage of this behavior. Consider for example a couple of min-
ing companies competing for a collection of mining titles to extract a very rare
mineral, and each one of these companies may spend a considerable amount of
money on lobbying or may keep the money and do not influence politicians’ deci-
sions. If only one of the companies bribe the politicians it will be rewarded with
all the mining titles, which are more profitable in the hands of a single company
than divided in more than one company by the market conditions and infras-
tructure costs. In this game lobbying is a dominant strategy, and the incentives
to defect will increase as the profitability of having all the mining titles increase.

Under some different situations, the incentives to defect are mainly driven
by the costs incurred by cooperating against a defector. One of the classical ex-
amples when describing a cooperation dilemma is the arms race: two countries
with an expectating war between them will be better off if they reduce their
military spending, but that will give an advantage to the other country in the
preparation for an eventual war. But how large might be the costs of “losing
by forfeit” this race? Defenders of large defense budgets may argue that the
life of a considerable fraction of the country’s population might be at risk, or
even that reductions in the military spending will give the enemy country the
technological advantage to turn a threat of war into reality. In both cases the
ample warfare budget will be supported on people’s fear of an eventual war and
its casualties, not in the military advantage in case that the potential enemy
decides to stop the race. Consider a rescaling of the arms race dilemma at
the individual level and consider why massive shootings in the United States
are followed by an increase in gun sales. Even if the social sanctions and public
pressure against weapons are at their top after these tragedies, more people take
the decision to buy a gun than in a similar period of time without a shooting.
One more time, people is worried about the worst case scenario and the recent
tragedy make them to update the probability of facing a related situation. At
the end, their best response is to buy a weapon to feel themselves safer than
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without it.

Please note that the owners of the mining companies will probably spend
money on lobbying motivated by the benefits of having all the mining titles
for their own, but they are not equally worried by the costs of not spending
on lobbying if the other mining company does. Meanwhile, in the individual
arms race the concerns are the opposite. An individual acquiring a gun after a
massive shooting is not motivated by the benefits of facing an unarmed person
having a weapon (at least the majority of the people), the driving force on his
case was his concern of facing a subject carrying that gun. In other words, the
main motivational pressure in the latter case is mainly based on a greed effect;
while in the former case the motivational pressure to defect is mainly driven
by a fear effect. Although these dimensions are not comparable between our
two examples above, we may think on a different cooperation dilemma where
both dimensions are relevant at the same time. Understanding the asymmetries
between fear and greed will be useful, for example, on determining if voluntary
contributions to a public good will be more affected by the provision of a better
“worst case scenario” for the contributors or by reducing the relative benefits
of the free-riders.

In the first part of this document, Chapters 2 and 3, we explore how the
perception of inequality in a 2 × 2 cooperation dilemma affects the likelihood
to cooperate. This game is the 2 − person version of the voluntary provision
of a public good, but with the particularity that we vary the magnitude and
direction of the difference between players’ payoffs in the asymmetric outcome,
deviating from the conventional properties of a Prisoner’s Dilemma where the
mutual cooperation outcome is a socially and Pareto efficient result and the
mutual defection outcome is the least desirable result, socially and individu-
ally. Interestingly, the 2 × 2 games studied in these chapters have been rarely
explored in the lab and in the novel modelling techniques, yet they represent
important and relevant dimensions of the cooperation problem. We start by ex-
ploring theoretically if the potential levels of inequality in a cooperation dilemma
are important, even assuming self-interested preferences. After the theoretical
analysis we proceed to explain our experimental design and present and dis-
cuss our empirical findings. The incorporation of behavioral concepts beyond
the homo economicus is fundamental in our experimental analysis. Under the
standard individualistic framework, the perception of inequality is irrelevant
as long as defection remain as a dominant strategy. With the incorporation
of other-regarding preferences we will expect higher levels of cooperation with
less unequal payoff structures. But only considering more elaborated behavioral
fundaments we will be able to explain why an increase in the incentives to defect
when expecting that the opponent cooperates has a lower negative impact over
cooperation that an increase in the costs of cooperating when expecting that
the opponent defects.

In Chapter 2 we derive the conditions to characterize cooperation dilemmas
according to the magnitude and direction of inequality, captured in larger ben-
efits of deviating from mutual cooperation and costs of deviating from mutual
defection. After introducing the conditions of the more unequal dilemmas, Co-
operation under Fear and Cooperation under Greed, we analyze their differences
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with respect to the standard Prisoner’s Dilemma in infinitely repeated games.
Particularly, the conditions to maintain intertemporal cooperation under trig-
ger strategies and reactive strategies such as the generous tit-for-tat. Then
we move our analysis to an evolutionary framework where, complementing our
mathematical results with simulations, we explore the differences across all three
cooperation dilemmas. Given that defection is a dominant strategy in our three
different games, initially we only find differences in the rates of convergence to
an equilibrium full of defectors. But once we introduce redistributive taxes large
enough to modify the incentives of the cooperation dilemma, we find a set of
equilibria differing from full defection, and whose stability depends on the rela-
tive magnitude of the greed and fear dimensions, i.e., the benefits of deviating
unilaterally from mutual defection and the costs of deviating unilaterally from
mutual defection.

For a better understanding of the greed and fear dimensions, as well as for
the familiarization with the Cooperation under Greed and Cooperation under
Fear dilemmas, we show in Table 1.1 three payoff matrices corresponding to the
games just mentioned plus a standard Prisoner’s Dilemma. Consider initially
the central panel, corresponding to a classical cooperation dilemma where mu-
tual cooperation is the preferred social outcome and mutual defection the least
desired one. The incentives to deviate from mutual cooperation and to deviate
from mutual defection are relatively low, corresponding in both cases to one
unit. If we now turn our attention into the right panel -the Cooperation under
Greed game- we observe that the benefits of defecting if one expects that the
opponent cooperates have increased from one unit to five units, this is what we
define as the greed dimension. Besides, in this dilemma mutual cooperation is
no longer the most desired outcome in terms of the payoffs’ sum. We would be
willing to sacrifice equality, two subjects receiving 8 units each; by efficiency,
represented in a total pie of 18 units but with one of the players receiving 13
units of it. On the opposite side of the table, the left panel shows the payoff
matrix for the Cooperation under Fear game. In this case, the costs of cooper-
ating if one expects that the opponent defects have increased from one to five
units. This cost is what we define as the fear dimension.

Table 1.1: Payoff matrices for three different cooperation dilemmas

CUF Game Prisoner’s Dilemma CUG Game
Cooperate Defect Cooperate Defect Cooperate Defect

Cooperate 8; 8 1; 9 Cooperate 8; 8 5; 9 Cooperate 8; 8 5; 13
Defect 9; 1 6; 6 Defect 9; 5 6; 6 Defect 13; 5 6; 6

In Chapter 3 we present the results of an economic experiment designed to
explore the behavioral differences induced by similar levels of greed and fear
in the likelihood to cooperate. With a within-subjects approach, we explore
individuals’ cooperative responses for different levels of potential inequality in a
Cooperation under Fear game, a Cooperation under Greed game and a standard
Prisoner’s Dilemma, all of them finitely repeated. Our main finding is that for
equivalent levels of greed and fear, the latter has a greater (negative) impact
in the probability of cooperation than the former. This result is consistent for
fixed and random matching protocols. Under fixed matching, i.e. when par-
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ticipants face the same opponent in all interactions, a precedent of cooperation
from the opponent is highly rewarded by a greater likelihood to cooperate under
fear than under greed. In the latter case, we observe a faster decay of coopera-
tion under the CUF game than under the CUG game, which is consistent with
the evolutionary dynamics predictions from section 2.3. Sadly, we were unable
to compare rigorously this finding with our theoretical results from Chapter 2
given a couple of features from our experimental design: the number of inter-
actions per game was fixed and commonly known by all the participants, and
the participants do not receive feedback related to the distribution of strategies
from the rest of the population.

Furthermore, we find that the order in which cooperation dilemmas are faced
is relevant in the rate of cooperation: Switching to a less unequal game, from
CUF or CUG to a Prisoner’s Dilemma, has a greater effect than switching to
a more unequal game, from a Prisoner’s Dilemma to CUF or CUG. We also
show evidence that in games where individuals have incentives to alternate co-
ordinately between cooperation and defection (instead of maintaining mutual
cooperation) the likelihood that this strategy emerges is proportional to the
duration of the game, although in the best scenario only half of the population
try to establish this strategy. Finally, we find that right-wing ideologies are
correlated with a higher level of cooperation in a CUG dilemma, reflecting a
stronger preference of efficiency over equality.

A different cooperation dilemma emerges from the joint extraction of a
common-pool resource, a good characterized by its rivalry and non-excludability.
Some examples of common-pool resources are open access fisheries, common
irrigation channels and common-property forests. All these resources are char-
acterized by the fact that in absence of formal or informal institutions each
unit of resource not extracted by a commoner will be extracted by another one,
increasing the incentives to overextract the resource. Thereby, assuming self-
interested preferences we will expect that each commoner will extract up to the
point where the expected private return extracting is greater than his average
private cost, raising the effort over the resource up to a point where its sustain-
ability is put in jeopardy. However, we know that one-shot and repeated com-
munication in common-pool resource experiments allow participants to reach
more cooperative solutions (Cárdenas et al. (2004); Ostrom (2006); Cárdenas
and Carpenter (2011)). This empirical evidence ratifies the commoners’ abil-
ity to establish their own regulations, even in absence of formal governmental
institutions (Ostrom, 2002). However, in communities whose economic activ-
ity strongly depends on the extraction of a common-pool resource we will find
pairwise interactions more often than highly attended meetings, which means
that the most part of interplay implies partial communication with exchanges of
information capable of modifying expectations and intentions that might lead to
better or worst social outcomes. The frequency with which pairwise interactions
occur depends on the social and geographic distances among the commoners,
and we will expect that members of the community with a more active role will
have a larger connectivity degree within the population. Thus, it is important
to understand in which extent the more popular members of a community can
influence other commoners’ behavior, exploring in depth the implications of a
“good leader” in comparison to a “bad leader” over aggregate behavior.
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In the second part of this document, corresponding to Chapter 4, we explore
experimentally how non-binding suggestions affect individual behavior in the co-
operation dilemma derived from the joint extraction of a common pool resource
by more than two individuals, under an environment where recommendations
are exchanged according to a network structure defining who is connected to
whom. Having said this, we are interested in isolating the effect of the type
of message, cooperative or non-cooperative, from the number of receivers and
the communication structure implemented to transmit this message. Other-
regarding preferences, particularly reciprocal behaviors, will be important in
our explanation on how non-binding suggestions might be interpreted as co-
ordination mechanisms according to the network structure; and also on how
individuals incorporate this information and the lagged aggregate behavior into
their current decisions. Besides, non-binding suggestions varying from the min-
imum to the maximum level of extraction allowed are evidence that individual
decisions might be revealing conformist effects or adoption of conventions, lead-
ing to the interior equilibria often found in artifactual field experiments involv-
ing common-pool resources (Cárdenas, 2011). Our theoretical fundamentation
is again closer to an evolutionary perspective than to the standard game theo-
retical concepts, given that these effects have been better explored in dynamic
evolutionary models (Boyd and Richerson, 1985).

In Chapter 4 we present the results of a different economic experiment in
which we explore how communication networks, and the type of non-binding
suggestions transmitted by these structures, can modify the aggregate patterns
of extraction of a common-pool resource. We conducted an artifactual field
experiment with the participation of current users of a common-pool resource,
i.e., with artisanal fishermen from the Colombian Atlantic Coast. The main
finding from our experiment is the importance of asymmetric networks, par-
ticularly the presence of a central node, in the transmission of non-binding
recommendations acting as public and cheaply provided coordination mecha-
nisms. Non-cooperative recommendations, inducing high levels of extraction,
shift upwards the aggregate level of extraction in the long-run; while cooper-
ative recommendations, inducing low levels of extraction, shift downwards the
aggregate level of extraction, but this positive effect disappears over time. An-
other finding is that individuals often use their transmitted recommendation as
a signal of their future intention, and deviations from this behavior are mainly
explained by the reception of a diverging recommendation from a central node.
Lastly, we found evidence that the exogeous allocation of the central position
in the network is triggering a more cooperative behavior, independently of the
type of recommendation transmitted, endogenous or exogenous.
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Chapter 2

Cooperation under fear and
greed : the Role of
Redistributive Inequality in
the Evolution of
Cooperation

In the analysis of a Prisoner’s Dilemma the role of asymmetric out-
comes is often neglected. Borrowing the definitions of greed, the
extra benefit received by deviating from mutual cooperation, and
fear, the extra cost by deviating from mutual defection (Rapoport,
1967), we propose a classification of cooperation dilemmas accord-
ing to the magnitude and direction of inequality in the asymmetric
outcomes of the game. We explore the welfare implications as well
as the differences in the analysis of repeated interactions. Finally,
we propose an evolutionary model with a redistributive tax to show
that equilibria stability with the reallocating transfers depends on
the relative magnitudes of the greed and fear dimensions.

2.1 Introduction

In cooperation dilemmas, the role of the asymmetric outcomes is usually ne-
glected despite they are the source of inequalities among the players involved
in this type of interactions. Despite the multiplicity of equilibria revealed by
the folk theorem (Osborne and Rubinstein, 1994), the most part of efforts are
put into the understanding of conditions required to sustain mutual coopera-
tion. The transitions from the asymmetric to the symmetric outcomes of the
game, independently if it is mutual cooperation or mutual defection, are usually
disregarded. Consider the beginnings of the Axelrod Tournaments in the 80’s.
Scientists were invited to submit what they consider the best strategy to play a

11
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Prisoner’s Dilemma in a competition where computerized strategies faced each
one of the other strategies and itself. In the first two versions of the tournament
the winner strategy was tit-for-tat, where cooperation is sustained by the threat
of a pure reciprocal response. The weakness of this strategy is that it does
not allow for mistakes, or players will end up in mutual defection indifinitely
unless another mistake occurs. This frailty reflects how all efforts are put into
the design of incentives to not leave the cooperation, neglecting the role of the
remaining outcomes. Thus, it is not surprising that when a strategy capable of
beating the tit-for-tat was announced, it incorporates the role of other outcomes
of the game. The generous tit-for-tat is a reactive strategy where a player as-
signs a positive probability to cooperation when his opponent defect in the last
round (Nowak (1990); Nowak and Sigmund (1990)). Its evolutionary success
is based on the incorporation of the mutual defection outcome to the solution,
reducing the inefficiencies of maintaining the mutual defection outcome.

In the experimental literature, the exploration of asymmetric outcomes in
cooperation dilemmas is also very limited. In a meta-analysis including exper-
iments from 1958 to 1992, the average benefits from mutual cooperation with
respect to mutual defection are 73.3%, while the average benefits from deviating
from unanimous cooperation are 41.7% (Sally, 1995). Thus, on average, material
incentives in empirical cooperation dilemmas have been closer to the exploration
of the gains from cooperation than the exploration of what social psychologists
call the motivational pressures to defect (Komorita et al., 1980), corresponding
to the incentives to leave mutual cooperation and the lack of incentives to leave
mutual defection. A couple of exceptions to this rule are the works from Ahn
et al. (2001) and Blonski et al. (2007). Ahn et al. (2001) propose a set of one-shot
cooperation dilemmas with variations in the dimensions of fear and greed. They
found that these “motivational pressures” are important in a random matching
protocol, but are irrelevant under the fixed matching case. However, all the
payoff matrices from the experiment correspond to games with modest levels of
inequality. Blonski et al. (2007) found, using an infinitely-repeated Prisoner’s
Dilemma, that increases in the often neglected “sucker’s payoff” are very good
predictors of changes in the frequency of cooperation.

In the same way that incorporating the mutual defection outcome to the
individuals’ best responses lead us to a more socially desired strategy than the
one based in pure reciprocity, we argue that a more in depth analysis of the role
of the asymmetric outcomes may help in the understanding on human cooper-
ation; particularly, to determine how the likelihood to cooperate is affected by
larger levels of inequality corresponding to the cases of unilateral cooperation.
By construction, an asymmetric outcome will lead to a difference in payoffs
between the defector and the cooperator. However, given that we are used to
associate all cooperation dilemmas with the standard Prisoner’s Dilemma, we
usually think that the only relevant characteristic in these dilemmas is the un-
desired effect of the coordination failures. The achievable level of inequality in a
Prisoner’s Dilemma is bounded by the welfare conditions of the game. Mutual
cooperation and mutual defection must correspond, respectively, to the best and
the worst outcomes of the game in terms of welfare measured as the sum of the
players’ payoffs. Nevertheless, we can consider an expansion of the set of co-
operation dilemmas if we allow for larger levels of inequality in the asymmetric
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outcomes.

Frohlich and Oppenheimer (1996) studied the conditions where mutual coop-
eration is no longer the efficient outcome. They extended this result to n−person
Prisoner’s Dilemmas (or public good games) where the maximum efficiency is
achieved with a fraction of cooperators lower than unity. They characterize
these games with the externality larger than internality condition, stating that
full cooperation is the most efficient outcome if and only if the internalized
benefits from deviating from mutual cooperation are smaller than the negative
externality imposed on the player affected by this deviation. The main contri-
bution of this paper is the characterization of a second externality larger than
internality condition for the same payoffs structure, but in terms of the incen-
tives to deviate from mutual defection. We state that full defection is the less
efficient outcome if and only if the internalized costs from deviating from mu-
tual defection are smaller than the positive externality received by the player
benefited by this unilateral deviation.

Violations of the externality larger than internality conditions alter the rank-
ing of the outcomes in terms of social welfare. Consider the following example:
A couple of farmers share an irrigation channel used to harvest the same type
of crop in plots of the same size H. The irrigation channel will provide a total
amount of water 2W . If both farmers open their gates at the same time each
farmer will receive an amount of water W , but the water pressure won’t be
enough to irrigate the whole crop, only a fraction h of the total area H. When
a farmer closes his gate, the water pressure is enough to irrigate the whole crop
of the other farmer, but by keeping the gate closed a farmer is renouncing to
a share of the resource. Therefore, neither of them will have the incentives to
close the gate temporarily. On the one hand, for a given farmer, if his neighbor
closes the gate, his best response is to leave the gate open and take advantage
of the increase in water pressure to irrigate the whole crop. On the other hand,
if his neighbor leaves the gate open the best response is to leave the gate open
too; otherwise, he will benefit from an amount of water below W that we can
define as w. Keeping the gate open is a dominant strategy for both farmers,
even if both of them will be better off if they were able to made an agreement
in which just one of the gates is open at the time and they can split evenly the
irrigation time.

Table 2.1: Payoff matrix in the Irrigator’s Dilemma

Player 1 \ Player 2 Cooperate Defect
Cooperate HW,HW hw,HW + h(W − w)

Defect HW + h(W − w), hw hW, hW

Payoffs in the different outcomes of this “Irrigator’s Dilemma” are depicted
in Table2.1. Suppose the individual payoff corresponds to the product of the
land irrigated times the water used to irrigate it. Under mutual cooperation
both players are able to irrigate the whole plot H with an amount W of water,
while under mutual defection the same amount of water only reaches an area h
of the plot such that h < H. In the case that one of the players close temporarily
his gate but the other one maintains his gate open, the former will irrigate an
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area w with an amount of water w such that w < W . The defector will receive
a payoff HW during the time the cooperator closes his gate, plus an additional
benefit h(W − w) for the time while both players leave their gates open.

The dominant (and suboptimal) strategy of leaving the gates open all the
time is common to all cooperation dilemmas. But the inequality generated by an
asymmetric outcome, i.e. when one of the farmers closes his gate and the other
take advantage of the situation by not responding later with the same behavior,
may differ in magnitude and direction according to the nature of the crops. For
example, consider that water may have increasing returns and efficiency will be
achieved by allocating all the water to a single crop; or the opposite case, where
a minimum amount W of irrigating water is required by each plot to avoid a
yield loss. Let us set as the baseline case the standard Prisoner’s Dilemma. If
both “externality larger than internality” conditions hold, then the best case
scenario in terms of social welfare is that each farmer closes his gate half of the
time, while the other farmer leaves it open. In addition, the worst case scenario
is that both farmers leave their gates open indefinitely.

We will consider now the case where (preserving the dominant condition of
leaving the gates open) the farmers harvest a crop with the property that the
production of a plot receiving 2W units of irrigated water is higher than two
plots receiving, each one, W units of irrigated water. If this is true, a tradeoff
between efficiency and equality appears: the total production of both farmers
will be maximized if one of them leaves the gate open and the other one keeps
it close, but at the cost of leaving the other farmer without irrigation. Please
note that this is exactly the case when the internalized benefits of a farmer by
deviating from the cooperative solution are higher than the negative externality
imposed on the other farmer. Hence, we violate the externality larger than in-
ternality condition guaranteeing that mutual cooperation maximizes the social
welfare.

Let us think about a different crop with the property that if the plot does
not receive at least an amount W of irrigated water the whole harvest is loss.
We will assume that losing the whole harvest is worse than the case when both
farmers leaves their gates open indefinitely. This assumption is plausible if we
consider that a farmer expecting to implement a cooperative behavior will in-
vest in seeds and fertilizers for the whole plot, while a farmer expecting the
suboptimal outcome will invest only in seeds and fertilizers for a fraction of his
whole plot. If our assumption holds, a farmer that closes his gate expecting the
same future response from his neighbor will lose his entire harvest if his expec-
tations do not fit the reality. In this case, the internalized costs of a farmer that
deviates unilaterally from leaving the gates open are higher than the positive
externality generated on his neighbor, violating the second and often neglected
“externality larger than internality” condition. In terms of social welfare, that
a farmer loses his harvest while his neighbor’s benefits have a modest increase is
a less desirable outcome than the case when both farmers leave their gates open.

In the two situations described above the asymmetric outcomes are subject
to greater levels of inequality. However, the payoffs differences in each one of
these cases point towards opposite directions. On the one hand, we have a
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cooperation dilemma where deviations from mutual cooperation are enlarging
considerably the benefits from the defector without harming notably the coop-
erator. In this case the “motivational pressure” is driven by the greed dimension
of the dilemma, because the player’s incentives to defect come from the possibil-
ity to take advantage of a cooperator to increase his own earnings. On the other
hand, we have a cooperation dilemma where deviations from mutual defection
are very costly for the player who tries to cooperate. The other “motivational
pressure” corresponds to the fear dimension of the dilemma, because the player’s
incentives to keep defecting come from the concern to incur in a large loss. We
will use the dimensions of greed and fear to characterize the different coopera-
tion dilemmas based on the degree of inequality and its direction.

Given that asymmetric outcomes are associated to the emergence of inequal-
ity in cooperation dilemmas, we may think about the introduction of redistribu-
tive taxes as an alternative solution for this dilemma. The strategic environment
of these dilemmas bring forth two alternative mechanisms by which the taxes
may alter the incentives in the game: (i) an ex-post compensation received by
the cooperator from the defector; and (ii) an ex-ante reconsideration of the in-
centives to defect if the taxation is very high.

The preferences for redistributive taxes have been recently studied by Alesina
and Angeletos (2005) and Bénabou and Tirole (2006), proposing a multiplicity
of equilibria that depends on distributive-justice concerns and beliefs on the
correlation between income inequality and effort. Alesina and Angeletos (2005)
argue that multiple equilibria rise by the existence of multiple self-fulfilling be-
liefs of the same reality. Bénabou and Tirole (2006) propose an alternative
explanation where different perceptions of the same reality are sustained by
different ideologies. In the latter, the authors define their two equilibria as “Re-
alistic Pessimism/Welfare State” and “Belief in a Just World/Laissez Faire”,
corresponding to descriptions of Western Europe and the United States respec-
tively.

In the “European” equilibrium the beliefs on the correlation between effort
and income are weak, giving more weight to the role of luck. Therefore, sub-
stantial redistribution taxes are desired to enhance the worst case scenario in a
welfare state of a liberal society (Bowles, 2011). In a cooperation dilemma the
pessimistic beliefs reflect a greater concern for the payoff of an individual that
cooperates unilaterally, i.e., a concern for the magnitude of the fear dimension.
In the “American” equilibrium the individual optimistic beliefs provide sup-
port for lower redistributive taxes and a higher tolerance to inequality, which
is seen as the result of effort and displaces luck to a minor role. In a coop-
eration dilemma the tolerance to unequal outcomes (as the result of pursuing
a higher level of wealth) is represented by the greed dimension. The benefits
from defection are not seen as inapropriate; in fact, they provide hope for those
giving their maximum effort that still do not succeed. However, this is not a
new reasoning, de Tocqueville (2001 (1835)) described this behavior more than
a century ago:

“I never met in America with any citizen so poor as not to cast a
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glance of hope an envy on the enjoyments of the rich, or whose imag-
ination did not possess itself by anticipation of those good things
which fate still obstinately withheld from him. [...] Most of these
wealthy persons were once poor; they have felt the sting of want.”

We introduce the redistributive taxes in our analysis aiming to differentiate
the redistributive effects according to the direction of inequality. We propose an
evolutionary model to capture the dynamic behavior of cooperators and defec-
tors in presence of a tax modifying the incentives to defect; particularly, we will
analyze the existence of equilibria different from full defection and their stabil-
ity. We find that stability conditions depend on the relative magnitudes of greed
and fear. In dilemmas where greed is larger than fear the redistributive transfer
is encouraging cooperators to maintain their strategy, leading the system to the
coexistence of both types of behavior. In dilemmas where fear is larger than
greed the redistributive transfer is a threat to individuals planning to deviate
from mutual cooperation, making them to stay in the cooperative strategy. But
given that these incentives do not involve the incentives of individuals trapped
in mutual defection, the equilibrium of this system will depend on the initial
fraction of cooperators and defectors.

Section 2.2 connects the concepts of greed and fear with the payoff matrix
of a cooperation dilemma and with their implications in the welfare analysis
of the game. Then, is proposed a classification of these games based on the
magnitude and direction of inequality. The implications of greed and fear in
infinitely repeated games are presented at the end of this section. Section 2.3
analyzes the different cooperation dilemmas under an evolutionary framework
with and without the redistributive taxes. The analysis in this section includes
the theoretical derivation of the stability conditions and computer simulations.
Finally, Section 2.4 concludes.

2.2 Introducing fear and greed in Cooperation
Dilemmas

2.2.1 Not every Cooperation Dilemma is a Prisoner’s
Dilemma: An analysis of social welfare

Usually, when someone talks about a 2× 2 cooperation dilemma the first game
that comes to our mind is the Prisoner’s Dilemma. The coordination failure that
gives the “dilemma” part to its name is widely known: Two players, pursuing
their material and selfish interests, end up in an undesirable outcome that is also
Pareto inferior. In other words, both players will be better if they cooperate,
but defection is a dominant strategy. In terms of the payoff matrix shown in
Table 2.2, the temptation (T ) to defect when the other player cooperates must
be higher than the reward (R) received when both players cooperate; and the
the punishment (P ) received when both players cooperate must be higher than
the “sucker’s payoff” (S), received in case of unilateral cooperation. Both re-
quirements, combined, are defined by Frohlich and Oppenheimer (1996) as the
suboptimality condition as shown in expression (2.1).
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Additionally, the relationships between the temptation and the reward, and
between the punishment and the sucker’s payoff, are also useful in our definition
of fear and greed. The payoffs differences T −R and P − S are determinant in
the classification proposed for the different cooperation dilemmas. In the pre-
vious section we have defined greed as the extra benefit received by deviating
unilaterally from mutual cooperation, and fear as the extra cost incurred by
deviating unilaterally from mutual defection. T − R and P − S are precisely,
the payoff representations of greed and fear in a 2× 2 cooperation dilemma.

Table 2.2: Prisoner’s Dilemma in its strategic form

Player 1 \ Player 2 Cooperate Defect
Cooperate R,R S, T

Defect T, S P, P

Frohlich and Oppenheimer (1996) propose a second condition to define a
Prisoner’s Dilemma, which is defined by them as the is the externality larger
than internality condition. Suppose that mutual cooperation is the default
outcome. If a player deviates to defection he will internalize an increase in his
payoff of T − R, but will generate a negative externality over the other player
that reduces his payoff in R−S. Another interpretation of the externality larger
than internality condition is that, under the existence of complete contracts, a
couple of players are unable to made an agreement in which the defector gives
an ex−post compensation to the cooperator that is Pareto improving compared
to the case of mutual cooperation. If we rewrite the condition R − S > T − R
as in expression (2.2), we have that if the condition holds, mutual cooperation
is the socially desired outcome from a utiliarian perspective.

T > R > P > S (2.1)

2R > T + S (2.2)

When condition (2.2) does not hold, we infer that the asymmetric outcome
maximizes the payoffs’ sum in a cooperation dilemma. If this is true, a mixed
stratregy between cooperation and defection maximizes the expected payoff of
the game. Let us define W as the social welfare attainable with the mixed
strategy (α, 1− α) between cooperation and defection. We have:

W = 2 (α(αR+ (1− α)S) + (1− α)(αT + (1− α)P ))

dW

dα
= 2 [(S + T − 2P ) + 2α(R− S − T + P )]

α∗ =
2P − S + T

2(R− S − T + P )
(2.3)

Following Frohlich and Oppenheimer (1996), we derive the first order con-
dition for W respect to α, to find the conditions under which a mixed strategy
maximizes the social welfare. Setting this derivative equal to zero we derive
an expression for α∗ as a function of the payoff parameters shown in equation
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(2.3). Before focusing on this expression, let us expand the result from Frohlich
and Oppenheimer (1996) by taking the second order condition and setting this
expression equal to zero. We find that a necessary (but no sufficient) condi-
tion to guarantee that α maximizes the social welfare is that T − R > P − S.
Otherwise, if T − R < P − S the first order condition will correspond to the
configuration of parameters that minimizes the social welfare.

We will consider initially the case T − R > P − S, i.e. when greed is larger
than fear, to find the conditions under which α∗ is the probability of cooperation
that maximizes the social welfare. Given that α∗ ∈ (0, 1) the following two
conditions must be satisfied

α∗ =
2P − S + T

2(R− S − T + P )
≥ 0 (2.4)

α∗ =
2P − S + T

2(R− S − T + P )
≤ 1 (2.5)

If greed is larger than fear condition 2.4 implies that 2P < T + S once we
multiply by 2(R−S−T+P ), a negative number, on both sides of the inequality.
Besides, if we multiply the inequality in 2.5 also by 2(R − S − T + P ) we can
rewrite this condition as S + T > 2R. The latter is the opposite condition to
expression (2.2). Thus, the original externality larger than internality condi-
tion is no longer held if T −R, the internality, is increased enough. This game
cannot be defined by the conditions of a Prisoner’s Dilemma because mutual
cooperation does not maximize the payoffs’ sum. Although the greed dimension
is part of a cooperation dilemma even when the externality is larger than the
internality, a large difference T −R is a necessary condition to alter the ranking
of the outcomes in terms of utilitaristic welfare. Hence, we define this game as
Cooperation under Greed (CUG) given that it is originated by a large increase
of the greed dimension.

Despite it is usually neglected in the definition of a Prisoner’s Dilemma,
expression (2.6) is another externality larger than internality condition. Suppose
that mutual defection is the default outcome. If a player deviates to cooperation
he will internalize a decrease in his payoff of P −S, and will generate a positive
externality over the other player that increases his payoff in T − P . We can
rewrite this condition as 2P < T +S as shown in expression (2.6), and indicates
that in a Prisoner’s Dilemma mutual defection minimizes the payoffs’ sum.

2P < T + S (2.6)

Let us come back to the second order condition to consider the case where
P −S > T −R, i.e. when fear is larger than greed. Solving again inequalities 2.4
and 2.5 we will find the parameter conditions under which the social welfare is
minimized. In this case the term 2(R−S−T +P ) will be positive, hence, when
we solve the inequality we do not have to invert the direction of the inequality.
The conditions obtained are the opposite with respect to the case when greed
is larger than fear, i.e., 2P > T + S from expression 2.4 and S + T < 2R from
expression 2.5.
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The new externality larger than internality condition, where defection is
the default, is violated when the internality P −S is larger than the externality
T−P . This game is no longer a Prisoner’s Dilemma because mutual defection is
not the worst outcome in terms of social welfare. As in the CUG game, the fear
dimension exists even under the conditions of a standard Prisoner’s Dilemma.
However, to alter the outcomes’ ranking in terms of welfare it is necessary a
large difference P − S. Under this condition, we defined the game where the
asymmetric outcomes minimize social welfare as Cooperation under Fear (CUF).

Figure 2.1 is a graphical representation of the three cooperation dilemmas.
The axes correspond to the payoffs of each player, each dot corresponds to an
outcome of the game in pure strategies, and the connected lines define the set
of feasible outcomes using mixed strategies. The social welfare of any given
outcome can be measured as the distance from the origin to the point repre-
senting this outcome. The dashed line represents all the mixed strategies where
participants always choose the contrary action, with the extreme cases where a
participant always cooperates and his opponent defects and viceversa. Please
note that the dashed line lies within the set defined by the continuous lines only
in the Prisoner’s Dilemma, indicating that there is no such a mixed strategy
with an expected payoff higher than the recieved under mutual cooperation or
lower than the corresponding to mutual defection.

In the CUG game, shown in the right panel, the dashed line lies above the
(C,C) outcome. Hence, the expected payoff (and the social welfare) will be
maximized by a strategy in which participants alternate between cooperation
and defection coordinately. We will define this strategy as alternating coopera-
tion. Please note that even if the alternating cooperation strategy maximizes the
expected payoff, it does not correspond to an equilibrium. Individuals rather
receive the payoff T for sure than with a positive probability, maintaining defec-
tion as a strictly dominant strategy. In the CUF game, shown in the left panel,
the dashed line lies below the (D,D) outcome. As a consequence, any mixed
strategy designed to alternate between the asymetric outcomes minimizes the
expected social welfare of the game because it gives an expected payoff lower
than the received under mutual defection.

Summarizing, all cooperation dilemmas are subject to the suboptimality con-
dition to guarantee that defection is strictly dominant. The two externality
larger than internality conditions, corresponding to equations (2.2) and (2.6),
are held simultaneously only in the Prisoner’s Dilemma. In the CUG game,
mutual cooperation is no longer the outcome that maximizes social welfare, vi-
olation condition (2.2). The set of attainable payoffs using a mixed strategy is
expanded upwards, giving to players the opportunity to establish an alternating
cooperation strategy. In the CUF game, the social welfare is minimized under
an asymmetric outcome, a violation of restriction (2.6). The set of attainable
payoffs using a mixed strategy is expanded downwards. Then, players in this sce-
nario will avoid a mixed strategy based on the alternation between cooperation
and defection because it minimizes their expected payoff. This characterization
of cooperation dilemmas is presented in Table 2.3.
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Figure 2.1: Graphical representation of Cooperation Dilemmas

Table 2.3: Classification of Cooperation Dilemmas

2R > T + S 2P < T + S
Mutual cooperation Mutual defection Loss of convexity

maximizes social welfare minimizes social welfare
Cooperation Under Fear Yes No Below (D,D)
Prisoner’s Dilemma Yes Yes Convex hull
Cooperation Under Greed No Yes Above (C,C)

2.2.2 Fear and greed in infinitely repeated games

We know from the folk theorem (Fudenberg and Maskin (1986); Osborne and
Rubinstein (1994)) that in an infinitely repeated Prisoner’s Dilemma with a
discounting factor δ high enough exists a multiplicity of equilibria. This theorem
is implemented to show that using a triggering strategy, mutual cooperation
can be sustained intertemporally by the threath of end in mutual defection.
Let us define π∞C as the present value of the intertemporal payoff from mutual
cooperation and πC→D as the present value of switching to defection in the
period τ . Without loss of generality, let us assume τ = 0 1. Using payoffs
from Table 2.2 we have that π∞C = R/(1 − δ) and πC→D = T + δP/(1 − δ).
If the former payoff is higher than the latter, then mutual cooperation can be
sustained intertemporally. If this is the case, the discounting factor δ is subject
to condition (2.7). The numerator in this expression is our definition of the
greed dimension. Then, the δ required for mutual cooperation is increasing
with the dimension of greed.

δ >
T −R
T − P

(2.7)

The fear dimension is irrelevant in the conditions to sustain mutual coop-
eration, an expected result if we remind that P − S represents the extra cost
in which a player incurs by deviating unilaterally from mutual defection. The
role of fear in infinitely repeated games is evidenced in the conditions required
to leave defection and return to the cooperation path. In the trigger strategy

1Before τ = 0 both players cooperate. Given that they are receiving the same payoff each
round there is no difference between their payoffs.
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this condition is not important because once players leave cooperation they will
stay in mutual defection indefinitely. However, considering more elaborated
strategies as the tit–for–tat or the generous tit–for–tat (Nowak, 2006), we are
interested in the necessary conditions to cooperate again in case that players
fall into defection by a mistake. Let us define π∞D as the present value of the
intertemporal payoff from mutual defection and πD→C as the present value of
switching from defection to cooperation in the period τ = 0. If both players
follow a tit–for–tat strategy, they will be able to return to the cooperation path
if πD→C > π∞D . Given that πD→C = S + δR/(1 − δ) and π∞D = P/(1 − δ),
the minimum value of δ required to leave mutual defection (assuming that the
players knows that his opponent is a tit–for–tatter) is given by expression (2.8).
As we can see, the discounting factor δ required for participants to consider a
deviation from mutual defection is incresing with the dimension of fear.

δ >
P − S
R− S

(2.8)

In the infinitely repeated CUG game we are interested in the conditions to
establish the alternating cooperation strategy. Let us define πalt as the present
value of the intertemporal payoff of alternating cooperation, that depends on
the individual’s initial movement. Hence, the expected payoff of the alternating
cooperation is weighted by a probability α that the player starts defecting and a
probability 1−α that the player starts cooperating, as shown in equation (2.9).
The full procedure to obtain this equation is presented in Appendix A.1.

E(πalt) = α

(
T + δS

1− δ2

)
+ (1− α)

(
S + δT

1− δ2

)
(2.9)

We are looking for the conditions under which alternating cooperation is pre-
ferred to mutual cooperation in an infinitely repeated game, i.e., when E(πalt) >
π∞C . Let us assume that a player starts cooperating with a probability 1/2+ε and
starts defecting with a probability 1/2−ε. Replacing α and (1−α) by these prob-
abilities in equation (2.9) and setting this value as greater than π∞C = R/(1− δ)
we derive the following expression:

(
1

2
− ε
)(

T + δS

1− δ2

)
+

(
1

2
+ ε

)(
S + δT

1− δ2

)
>

R

1− δ
T + S

2(1− δ)
+

(T − S)ε

1 + δ
>

R

1− δ
(2.10)

Please note that if ε = 0, which is the case when a player is equally likely to
start cooperating or defecting, the expression (2.10) is reduced to the condition
T + S > 2R. Hence, a couple of players are able to establish an alternating
cooperation strategy in a CUG game if both of them assign a probability of 1/2
to each strategy in the first round. In addition, rearranging expression (2.10)
and allowing positive values of ε we find that individuals are willing to start the
alternation by cooperating with a probability very close to unity. Remember
that, by definition, ε ∈ [0, 1/2]. Then, the inequality from above can be written
as:

1 + δ

2(1− δ)
T + S − 2R

T − S
> ε
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Setting the present value of emphalternating cooperation started with co-
operation as greater than the present value of mutual cooperation we find that
δ > (R − S)/(T − R). Replacing this condition in the equation shown above
we finally obtain that ε < 1/2. In other words, an individual is still willing to
establish an alternating strategy in a CUG game even if he is convinced that
his opponent will start defecting with probability α → 1. When both players
consider start cooperating and defecting with the same probability, they are
more prone to fall in symmetric outcomes at the beginning of the game. Hence,
they took longer time to converge to the efficient strategy than in a case where
a participant is almost sure that his opponent will start defecting and his best
response is start cooperating.

Finally, let us come back to the generous tit–for–tat to show that this strat-
egy capable of beating the nice tit–for–tat does not exist in the CUG game while
in the CUF game not only exists, but have a greater probability of forgiveness
than the standard Prisoner’s Dilemma. The generous tit–for–tat is a reactive
strategy where, in case that his opponent cooperate in the last round, the indi-
vidual assign a probability p to cooperate in the current round. In case that his
opponent defected in the last round, the individual assigns a probability q to
cooperate in the current round. In the generous tit–for–tat, p and q are given
by equation (2.11) (Nowak, 2006).

p = 1; q = min

{
1− T −R

R− S
,
R− P
T − P

}
(2.11)

To show that q, the probability of forgiving a defector, is negative in a CUG
game please look at the first argument of the minimum function. The term
1− (T −R)/(R− S) can be easily written as (2R− T − S)/(R− S), expression
that is always negative in a CUG dilemma. On the other hand, in a CUF game
the rate of forgiveness q higher or equal to the value in a standard Prisoner’s
Dilemma with the same values of T,R and P , but a higher value of S. In Ap-
pendix A.2 is demonstrated that if we have 2P > T + S then (R− P )/(T − P )
is always smaller than 1− (T −R)/(R− S).

The differences in the probability of forgiveness between the CUF and the
CUG games are explained by the default outcome of each one of these dilemmas.
Remember that while an increase in the dimension of greed give incentives
to abandon mutual cooperation, an augmentation in the dimension of fear
reduces the incentives to leave mutual defection. In a CUG game deviations
from cooperation are not forgiven because the extra benefit of this unilateral
deviation is very large. Hence, the threat of end up in mutual defection must be
stronger to reduce the incentives to deviate from the cooperative outcome. In
a CUF game the high rate of forgiveness attenuates the effects of the increase
in the fear dimenson. If both players share a high probability to forgive, they
are reducing the risk to deviate unilaterally from mutual defection and end up
in a worst outcome.
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2.3 Cooperation dilemmas seen through
evolutionary dynamics

2.3.1 Replicator dynamics in a cooperation dilemma

The Axelrod’s tournaments in the 80’s are often associated with the early use of
evolutionary techniques in economics, particularly, in the exploration of the best
strategy in a Prisoner’s Dilemma (Samuelson, 1997). All submitted strategies
were interacted in a repeated Prisoner’s Dilemma against each other strategy,
itself and a strategy where each decision was randomly chosen. The winner in
the first two tournaments was the tit–for–tat strategy, but later was overcome
by the generous tit–for–tat and the Win-stay Lose-shift strategies2 (Nowak,
2006). These computarized tournaments capture the essence of evolutionary
dynamics: Several strategies are submitted and are faced among each other,
Axelrod’s calculations rank these strategies according to their average payoffs;
and declare as winner the strategy that outperforms the remaining ones, i.e.,
the strategy whose average payoff is farther from the average payoff of the whole
set of strategies.

Consider a population composed by two player types, cooperators X and
defectors Y . The fraction of cooperators is defined by x and the fraction of
defectors by y = 1 − x. Under an evolutionary framework, in each period of
time two players are randomly drawn from the whole population and are faced
each other. Their payoff will depend on their opponent’s and their own strategy
according to the payoffs parameters shown in Table 2.2. Please note that, given
that we have symmetric players under this configuration, we can reduce the
payoff table to the following matrix:

(
R S
T P

)

Since players are randomly matched among the whole population, the ex-
pected payoff for a given strategy depends on the proportion of players following
each one of the strategies considered in the system. In biology, this frequency-
dependent payoff is defined as the fitness or reproductive success of the strategy.
The larger the fitness of a strategy, the higher the offspring of the species fol-
lowing this strategy. The accepted economic interpretation of this process is
that strategies with a larger fitness are more likely to be adopted in the subse-
quent rounds by players with a previous different strategy. The dynamic process
of competition among strategies based on randomly individual interactions is
captured by the replicator equation shown in expression (2.12). Variations over
time in the proportion of cooperators ẋ will depend on the current fraction x of
players following this strategy, multiplied by the difference between the fitness
of strategy X, defined as fX , and the average fitness in the population defined
as φ. Thus, the driving force in this evolutionary process is given by the com-

2The Win-stay Lose-shift strategy consists on keep playing the strategy of the last period
if the payoff received was T or R, and switch to the opposite strategy in case that the payoff
received was P or S.
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parison of the frequency-dependent payoff of a given strategy and the average
frequency-dependent payoff of the whole population.

ẋ = x(fx − φ) (2.12)

The fitness for the cooperators is be given by the payoff received by facing
another cooperator multiplied by the probability of facing a cooperator, plus
the payoff received by facing a defector multiplied by the probability of facing a
defector. Then we have that fX = xR+ (1− x)S. Similarly, the fitness for the
defectors is given by the payoff received by facing a cooperator multiplied by
the probability of encountering a cooperator; plus the payoff received by facing
another defector multiplied by the probability of encountering a defector, i.e.,
fY = xT + (1 − x)P . Finally, the average fitness φ is the sum of the fitness of
each strategy, weighted by their corresponding frequency respect to the whole
population as shown below

φ = xfX + (1− x)fY

φ = x(xR+ (1− x)S) + (1− x)(xT + (1− x)P )

Replacing the fitness of cooperators and the average fitness in equation (2.12)
we obtain

ẋ = x[(xR+ (1− x)S)− (x(xR+ (1− x)S) + (1− x)(xT + (1− x)P ))]

ẋ = x(1− x)[(R− T )x+ (S − P )(1− x)] (2.13)

It can be easily checked that in equation (2.13) the term in brackets is neg-
ative independent of the value of x and the type of cooperation dilemma. This
means that independently of the initial proportion of cooperators, the popu-
lation will converge to full adoption of defection. The equilibrium is the same
for all cooperation dilemmas because the suboptimality condition is always held.
However, we will show that the speed of convergence to the equilibrium is af-
fected by the levels of fear and greed. Consider again the term in brackets from
the equation shown above. The level of greed, (R − T ), is multiplied by the
proportion of cooperators in the population and the level of fear, (S − P ), by
the proportion of defectors. An increase in any of these motivational pressures
results in a greater speed of convergence to full defection. However, an increase
in the level of (S−P ) has a greater effect than an equivalent increase in the level
of (R − T ) because greedis multiplied by the fraction of cooperators x, whose
frequency in the population is decreasing over time; while fear is multiplied
by the fraction of defectors 1 − x, which increases at the same rate that the
fraction of cooperators is reduced. Thus, an increasing proportion of defectors
make that the remaining cooperators are more afraid of being exploited and end
up with the sucker’s payoff, so they are adopting the defection strategy with a
greater probability after each round.

We test the differences in rates of convergence of the three cooperation dilem-
mas using a computational simulation. We start by defining a vector P n×1 con-
taining n randomly generated strategies, characterized by an exogenous proba-
bility of cooperation that is uniformly distributed between 0 and 1. Using P n×1
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we obtain the payoff matrix Πn×n, where each element Π(i, j) corresponds to
the expected payoff of a player following the strategy i when he interacts with
an opponent following the strategy j, as shown in equation (2.14).

Π(i, j) = T ((1− Pi)Pj) +R(PiPj) + P (1− Pi)(1− Pj) + S(Pi(1− Pj)) (2.14)

Remember that the fitness of a given strategy i is the sum of the payoffs
received by facing each strategy j, weighted by the proportion of players follow-
ing the strategy j, xj . Then, the vector Xn×1 captures the proportion of the
population that is playing each one of the n simulated strategies. In our sim-
ulations, all the strategies start with the same fraction of the total population
1/n. We construct a vector fn×1 = Πn×nXn×1, containing the fitness of each
one of they n strategies. Finally, the average fitness in the population is given
by φ = X>

1×nfn×1.

The replicator equation allow us to describe changes in the frequency dis-
tribution by a comparison between the fitness of each strategy and the average
fitness of the whole population. The evolution over time for each strategy i is
represented as

Xt+1(i) = Xt(i) + δXt(i)(f(i)− φ)

Thus, the fraction of the population following the strategy i in the period
t + 1 is equal to the fraction of the population following this strategy in the
period t plus (minus) the fraction of players that switched to (from) this strat-
egy because the fitness of strategy i was higher (lower) than the average fitness
in the population. The parameter δ smooths the dynamic variations on the
system, but can be interpreted as the probability that individuals realize that
their fitness differ from the average fitness in the population.

For the simulations displayed in Figure 2.2 we set n = 100 and t = 100.
The payoff parameters in the Prisoner’s Dilemma were T = 9, R = 8, P = 6
and S = 5. In the CUF game we reduce the sucker’s payoff to S = 1, leaving
all the other parameters fixed. Please note that in this game T + S sums 10,
which is lower than twice the punishment payoff P , which sums 12. In the CUG
game we increase the temptation to T = 13, with the other parameters as in
the Prisoner’s Dilemma. In this case, we have that the sum T + S is 18 while
the reward R multiplied by two is just 16. The dimensions of fear and greed
were increased 4 units respectively, but we observe that the convergence to full
defection is faster in the CUF than in the CUG.

In Figure 2.2 is shown the transition to a population full of defectors for
the three cooperation dilemmas. The CUF game is displayed on the top panel,
the Prisoner’s Dilemma on the central panel and the CUG game on the bottom
panel. We grouped the 100 strategies in quartiles according to the probability
of cooperation. The dashed lines on the top of each panel correspond to the
25 less cooperative strategies, while the continous lines at the bottom of each
panel correspond to the 25 more cooperative strategies. To confirm that the
rate of convergence to defection is higher in the CUF game, we can observe
that before the 40th period the less cooperative quartile reaches a fraction of
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population equal to unity. In the CUG game the top dashed line shows an
asymptotic behavior since the 50–60th periods but reaches a fraction of pop-
ulation equal to unity only between the 90–100th periods. In the Prisoner’s
Dilemma the convergence to defection is much slower, to the point that after
100 periods we still find a fraction of cooperators of close to the 10% of the
whole population.

Figure 2.2: Convergence to defection for the three Cooperation Dilemmas

Another observation supporting the accelerated convergence to defection in
the case of the CUF game is the dynamic behavior before and after the less
cooperative quartile duplicates its initial population. The intersection between
the horizontal line traced where the fraction of the population is 0.5 (the Y
axis) and the top quartile trajectory indicates the number of periods required
for that the 25 less cooperative strategies are already played by half of the total
population. In the Prisoner’s Dilemma are required 26 periods, in the CUG
game 10 periods and in the CUF game only 8 periods. We can consider then
that the dynamic process during the first 10 periods is very similar between the
two most unequal dilemmas, but the increasing proportion of defectors amplify
the effect of a large dimension of fear compared to an equivalent level of greed,
as predicted in equation (2.13).
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Our next step is to verify if defection is evolutionarily stable. A distribution
of the population following a set of strategies in equilibrium is evolutionarily sta-
ble if the system cannot be invaded by a small fraction η of mutants that alters
the population composition in the long run. In our particular case, defection is
evolutionarily stable against an invasion of cooperators if the former are able to
repel a small fraction of the latter. We know that every strict Nash equilibrium
is evolutionarily stable by defaul (Weibull, 1997). Hence, the suboptimality con-
dition depicted in expression (2.1) implies that defection is evolutionarily stable
against cooperation, independently of the cooperation dilemma. Mathemati-
cally, the evolutionary stability of defection is guaranteed because the following
condition holds in every cooperation dilemma

πD(η, 1− η) > πC(η, 1− η)

ηT + (1− η)P > ηR+ (1− η)S

η(T −R) + (1− η)(P − S) > 0 (2.15)

The dimensions of fear and greed appear in expression (2.15), but they only
indicate that the higher the levels of fear and greed, the faster the elimination
of the cooperators mutants in the system.

2.3.2 Cooperation dilemmas with redistributive taxation
under an evolutionary framework

As an effort to reduce the incentives to deviate from mutual cooperation sup-
pose that you can introduce redistributive taxes into the different cooperation
dilemma. Let us define the tax τ as the share of the individual’s total payoff
that will be transferred to the individual with whom he interacts in the cur-
rent round. By construction, under mutual cooperation and mutual defection
we have a null effect of the redistributive transfer; while in the asymmetric
outcomes τ may modify the incentives to defect and cooperate. If the pro-
posed transfer is large enough, the payoffs after the redistribution may alter
the suboptimality condition and incentive deviations from the mutual defection
equilibrium. In this solution, the fear and greed dimensions are substitutes of
the size of τ in determining the amount of the redistribution. In other words,
the higher the potential inequality, the lower the size of τ required to modify
the incentives to cooperate by an ex− post transfer. Applying a tax τ in every
possible outcomes of the game and considering symmetric players we have the
following payoff matrix

(
R (1− τ)S + τT

(1− τ)T + τS P

)

The replicator equation including the redistributive tax is shown in (2.16).
Please note that if τ = 0 the replicator equation is reduced to expression (2.13)
and an interior point where ẋ = 0 does not exist. On the contrary, for positive
values of τ exists a value of x ∈ (0, 1) where ẋ = 0. Thus, we may have at most
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three points that satisfy ẋ = 0. When x = 0, x = 1 and an interior value of x
that we define as x∗.

ẋ =x[(xR+ (1− x)((1− τ)S + τT ))− (x(xR+ (1− x)((1− τ)S + τT ))

+ (1− x)(x((1− τ)T + τS) + (1− x)P ))]

ẋ =x(1− x)[(R− (1− τ)T − τS)x+ ((1− τ)S + τT − P )(1− x)]

ẋ =x(1− x)[(R− T )x+ (S − P )(1− x) + τ(T − S)] (2.16)

x∗ =
τ(T − S)− (P − S)

(T −R)− (P − S)
(2.17)

If we set equal to zero the term in brackets we will find a value for x∗ as
a function of the cooperation dilemma payoffs and the tax level τ as is shown
in equation (2.17). We can observe that the denominator in equation (2.17) is
the difference between the greed dimension and the fear dimension. Thus, the
conditions guaranteeing that x∗ ∈ (0, 1) will depend on the relative magnitude
of fear and greed. When (T − R) is greater than (P − S) the denominator
is positive. Thus, a positive numerator requires τ(T − S) > (P − S) and a
denominator higher than the numerator implies that (T − R) > τ(T − S).
These conditions combined give us the restriction (2.18), indicating that the
net transfer from a defector to a cooperator must be greater than the fear
dimension and lower than the greed dimension.

(T −R) > τ(T − S) > (P − S) (2.18)

In the opposite case, when (P −S) is greater than (T −R), the denominator
is negative. Hence, the numerator must be also negative and we must guarantee
that the denominator is higher than the numerator. These conditions combined
give us the opposite restriction than in the case where greed is higher than
fear as shown in equation (2.19). Now we have that the net transfer from the
redistributive tax must be higher than the greed dimension and lower than the
fear dimension.

(P − S) > τ(T − S) > (T −R) (2.19)

Our following step is to determine the conditions for the stability of all the
points where ẋ = 0. We have to differentiate the replicator equation ẋ with
respect to the fraction of the population x, evaluate this derivative at the point
of interest and check that ẋ/dx < 0. Intuitively, an equilibrium is stable if given
an increase in the fraction of population given by dx, the system responds in the
opposite direction and goes back to its original level of x. The differentiation of
ẋ with respect to x is shown in equation (2.20).

dẋ

dx
= (1− 2x)[(R− T )x+ (S − P )(1− x) + τ(T − S)]

+ x(1− x)[(R− T )− (S − P )] (2.20)

Let us begin by evaluating condition (2.20) in x = 0. It is easy to verify that
the second line of the derivative shown in the equation above is 0 for x = 0.
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Hence, the sign of dẋ/dx will depend only on the sign of the term in brackets in
the first line. This means that the equilibrium at x = 0 will be stable if and only
if [(S−P )+τ(T−S)] < 0, or simply (P−S) > τ(T−S). We will consider now the
other external equilibrium, corresponding to x = 1. One more time, the second
line of equation (2.20) is 0 and the sign of dẋ/dx depends exclusively on the term
in brackets. After some trivial replacements the stability condition for x = 1
is given by −[(R−T )+τ(T−S)] < 0, expression reduced to τ(T−S) > (T−R).

Combining the stability conditions of the equilibria at x = 0 and x = 1
we obtain the same set of inequality from expression (2.19), which describes
the existence conditions of an internal point where ẋ = 0 for the case where
fear is greater than greed. In other words, when the fear dimension is greater
than the greed dimension, the redistributive taxation introduced in our cooper-
ation dilemmas generates two external stable equilibria, full defection and full
cooperation. Additionally, in the cases that greed is higher than fear, the full
defection equilibrium can be invaded by a small fraction of cooperators, leading
the system to a point where defectors and cooperators coexist. To check the
validity of this statement it is easy to see that the conditions defining the sta-
bility of the external equilibria are totally opposed to condition (2.18), which is
required for the existence of an internal equilibrium.

Consider again the derivative dẋ/dx, but now evaluated at the internal equi-
librium defined by x∗. Note that x∗ was obtained from the term in brackets
from the first line in equation (2.20), so this line is equivalent to 0. Replacing
(2.17) in the second line of this derivative we obtain equation (2.21). We have
that x∗ is a stable equilibrium if and only if dẋ/dx < 0 evaluated at this point.
If x∗ ∈ (0, 1) the numerator in equation (2.21) must be negative, given that
condition (2.18) or condition (2.19) must be hold. If this is the case we need a
positive that (T −R) will be greater than (P −S) to guarantee that dẋ/dx < 0.
This result implies that the internal equilibrium defined by x∗ is stable only if
the dimension of fear is lower than the dimension of greed. Otherwise, when
fear is greater than greed, a slight increase in the fraction of defectors will lead
the system to a full defection equilibrium; while a similar increase in the fraction
of cooperators will move the system towards the full cooperation equilibrium.

dẋ

dx

∣∣∣∣
x∗

=

(
τ(T − S)− (P − S)

(T −R)− (P − S)

)(
1− τ(T − S)− (P − S)

(T −R)− (P − S)

)
[(R− T )− (S − P )]

dẋ

dx

∣∣∣∣
x∗

=
(τ(T − S)− (P − S))(τ(T − S)− (T −R))

(T −R)− (P − S)
(2.21)

Stability conditions depents on the relative levels of fear and greed in pres-
ence of a redistributive transfer. When greed is large enough and higher than
fear, as in the CUG dilemma, the stable internal equilibrium indicates that
(independently of the initial distribution of the population) the system will con-
verge to the coexistence of a fraction x∗ of cooperators and a complementary
fraction 1 − x∗ of defectors. This means that no matter how large is τ or the
greed dimension, external equilibria are unstable and can be invaded by a small
fraction of mutants. In fact, it can be easily check from equation (2.17) that
for a fixed level of τ , the fraction of cooperators tends to τ as the temptation
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payoff T tends to infinity. Hence, larger values of (T −R) guarantee an internal
equilibrium that tends to τ , the proportion of the initial payoff that must be
transferred. On the other hand, when the difference the net redistributive trans-
fer τ(T −S) is smaller than the diference (P −S) the incentives of the game are
not modified, and mutual defection remains as the only equilibrium of the game.

Consider the two panels in the first row on Figure 2.3 where is depicted
the dynamic behavior of the fraction of cooperators in the system in a CUG
game. Payoff parameters are the same than in the simulations from the previous
subsection, i.e., T = 13;R = 8;P = 6 and S = 5. In the upper left panel we
hold constant the tax at τ = 0.2 and observe that, independently of the initial
fraction of population, the system always converges to an internal equilibrium
located in this particular case at x∗ = 0.15. In the upper right panel we now
hold constant the fraction of cooperators at x0 = 0.4, and check that the loca-
tion of the interior equilibrium x∗ i increasing with the level of the tax τ . Using
equation (2.17) it can be easily checked that if τ = 0.1 then x∗ = −0.05 and
the internal equilibrium does not exist, as shown in the continous line at the
bottom of the panel.

Figure 2.3: Population dynamics with redistributive taxes

When fear is large enough and higher than greed, as in the CUF dilemma,
x∗ is unstable while x = 0 and x = 1 are the stable equilibria of the system.
Unstability of the interior equilibrium indicates that, for any given initial frac-
tion of cooperators x0 above x∗ the system will converge to full cooperation. On
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the other hand, if the value of x0 lies below x∗, the system will converge to the
same state than in absence of the redistributive tax τ , full defection. Then, x∗

defines the basin of attraction of the system, i.e., the threshold indicating which
of the external equilibria will be reach according to the initial conditions to the
system. Thus, in cooperation dilemmas where (P − S) > (T −R) the dynamic
convergence to cooperation or defection is path dependant. Please note that, on
the contrary to cooperation dilemmas with a large dimension of greed, we want
the lowest possible value of x∗ to maximize the basin of attraction of the full
cooperation equilibrium. Differentiating equation (2.17) with respect to τ we
observe that increasing levels of redistributive taxation reduce the value of x∗,
as is desired to maximize the converging trajectories to full cooperation. Addi-
tionally, holding τ constant while we increase the fear dimension by decreasing
the sucker’s payoff S, equation (2.17) shows that if S tends to infinity then x∗

tends to 1− τ .

Consider now the two panels in the second row on Figure 2.3, which corre-
sponds to the evolution of cooperators over time for a CUF game. The payoff
matrix in this cooperation dilemma is the same used in the simulations from the
previous subsection, i.e., T = 9;R = 8;P = 6 and S = 1. In the lower left panel
the value of τ is held constant at 0.2 for different values of the initial fraction
of cooperators x0. Using equation (2.17) it can be easily checked that given the
parameters of the simulation we have x∗ = 0.85, our basin of attraction. We
can observe that for high values of x0, corresponding in our case to 0.90 and
0.95, the system converges to x = 1, where only cooperators exist. Conversely,
for fractions of cooperators below x∗ = 0.85 the system converges to x = 0,
where cooperative strategies have been extinguised. In the lower right panel we
show the results of a different exercise, where we hold the initial proportion of
cooperators at x0 = 0.6 and modify the tax level. We observe that only for
high values of τ the initial fraction of cooperators is above the critical level of
x∗ and defectors are eliminated from the population. Otherwise, low levels of
τ increase the basin of attraction of the defecting equilibrium and the opposite
process occurs, eliminating the cooperators from the system.

The relative weight of the greed and fear dimensions is determinant in the
role of redistributive taxes in the dynamic behavior of a system with interacting
cooperators and defectors. We know from expression (2.18) that when greed is
higher than fear, the net redistributive transfer τ(T − S) must be higher than
(P−S). In other words, when the difference (T−S) is large, the redistributional
effect modifies the incentives to leave mutual defection. This fact is useful to
explain the stability of the internal equilibrium. On the one hand, the share
of the temptation payoff that is transferred to the cooperator may alter the
suboptimality condition, providing better incentives for keep cooperating even if
the opponent does not. If this happens, subjects will have incentives to deviate
from defection and then ẋ > 0 at x close to zero. On the other hand, incentives
to keep defecting will remain unaltered if the fraction of cooperators is very
large, so ẋ < 0 at x close to unity.

Similarly, when fear is higher than greed expression (2.19) indicates that
the net redistributive transfer τ(T − S) must be higher than (T − R). This
condition implies that for high levels of fear the redistributive tax will have an
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effect over the incentives to deviate from cooperation. The path-dependency in
cooperation dilemmas such as the CUF game is a consequence of the reduction
of these incentives to leave cooperation by the introduction of a positive level
of τ . With the redistributive tax, cooperation is the new best response among
a large fraction of cooperators and defection is still the best responde among
a large fraction of defectors. Thus, the cooperation dilemma is turn into a
coordination game where the fitness of a strategy increases when a majority of
the population follows the same strategy. As a consequence, both defection and
cooperation are now best responses according to the fraction of the population
following the same strategy chosen.

2.4 Conclusions

In this paper we have explored the inequality generated in the asymmetric out-
comes of a cooperation dilemma, proposing a characterization of these games in
terms of the magnitudes and directions of the payoffs’ differences, and its social
welfare implications. We appropriate the terms fear and greed from the social
psychology literature to define, according to the direction in which inequality
was increased, the Cooperation under Fear and Cooperation under Greed dilem-
mas. The fear dimension, P −S , is defined as the extra cost in which a player
incurs by deviating unilaterally from mutual defection. If an increase in this di-
mension by a reduction of the sucker’s payoff is large enough, mutual defection
is no longer the worst outcome in terms of social welfare. The greed dimen-
sion, T − R, is defined as the extra benefit received by deviating from mutual
cooperation. Increases in the temptation payoff T lead to an expansion of the
greed dimension that, when is large enough, makes that mutual cooperation is
no longer the socially desired outcome from an utilitarian point of view.

We incorporated into the analysis of infinitely repeated games the effects of
greed and fear. We find that the discount factor required to sustain mutual
cooperation intertemporally is increasing with the dimension of greed. Higher
incentives to abandon mutual cooperation require more patient individuals that
give more weight to future interactions. Not surprisingly, the fear dimension
does not have any effect on the conditions to sustain cooperation because its ef-
fect is defined taking mutual defection as the default outcome. We find that the
discount factor required to consider a deviation from mutual defection increases
as the fear dimension rises. One more time we require individuals with a higher
valuation of their future to compensate the costs of deviating unilaterally, an
investment aiming to reestablish mutual cooperation. In the CUG game, where
individuals are able to maximize their intertemporal outcome by alternating co-
ordinately between cooperation and defection, we find that it can be established
even when one of the players expects that his opponent will start defecting with
a probability close to unity. In fact, when both players are considering to start
alternation by cooperating or defecting equiprobably, they maximize the time
that took them to establish the alternating cooperation strategy successfully.

The examination of cooperation dilemmas using evolutionary models allows
us to find that, with the introduction of redistributive taxes, the stability con-
ditions in an ecology of cooperators and defectors depend on the relatives mag-
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nitudes of greed and fear. When greed is larger than fear and the tax is high
enough, the transfer will set the ex−post sucker’s payoff above the punishment
payoff, providing incentives to cooperators to maintain their behavior. Follow-
ing this idea the only stable equilibrium of this system implies the coexistence
of cooperators and defectors. The share of cooperators is increasing in the frac-
tion of the ex− ante earnings redistributed with the tax. In the opposite case,
when fear is larger than greed and the tax is high enough, the transfer will put
the ex − post temptation payoff below the reward payoff. Therefore, the best
response when facing a cooperator is to cooperate without altering that the best
response against a defector is defection. In this way, the dynamic behavior of
the system will depend on the initial proportion of cooperators, i.e., the system
is path dependant. The basin of attraction, the minimum fraction of coopera-
tors required to converge to full cooperation, decreases as the tax increases. In
other words, higher taxes loosens the initial conditions of the system aiming to
converge to the socially desired outcome.
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Chapter 3

Redistributive Inequality in
Cooperation Dilemmas: An
Economic Experiment on
fear and greed

This work explores experimentally the role of asymmetric outcomes
in cooperation dilemmas. Participants face three different games
where the dimensions of “greed” and “fear” are controlled exoge-
nously. Greed corresponds to the difference between the payoffs
commonly known as temptation and reward, while fear to the dif-
ference between punishment and the sucker’s payoff. We find that,
if the payoffs’ difference in the asymmetric outcomes is increased
enough, fear has a greater impact on the probability of coopera-
tion than greed. We also find that a reduction in the perception of
inequality has a greater effect over cooperation than an equivalent
increase in this perception. We find that when alternation between
cooperation and defection maximizes the intertemporal payoff and
the game horizon is long enough, only a fraction of players try to
establish an alternating strategy and an even smaller fraction suc-
ceeds. Finally, we find that political attitudes are correlated with
preferences of efficiency over equality.

3.1 Introduction

Cooperation dilemmas expose the trade-off between individual and common in-
centives in human interactions. The theoretical predictions, in one-shot and
repeated games, are much more pessimistic than the experimental findings (see
a meta-analysis in Sally (1995)). This lack of explanatory power of individual-
istic preferences was covered by the incorporation of fairness and altruism as a
reflection of other-regarding preferences (Rabin (1993); Levine (1998); Fehr and
Schmidt (1999); Bolton and Ockenfels (2000); Bowles (2003)). These models
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have successfully explained the outcomes in dictator and ultimatum games, and
they also have articulated the conversion of a cooperation dilemma into a coor-
dination game. However, the most part of theoretical contributions have been
dedicated to decipher how to maintain mutual cooperation, and to explain the
direct “jump” from mutual defection to mutual cooperation. Meanwhile, the
role of the asymmetric outcomes, i.e. when defection and cooperation coexist,
is usually neglected.

The initial concerns about these asymmetric outcomes were raised by Rapoport
(1967), who defined the terms greed and fear to introduce the motivational
pressures favoring the individual good over the common good. According to
his definition, the greed dimension is associated to the extra earnings received
by deviating from mutual cooperation; while the fear dimension is associated
to the extra costs inflicted by deviating from mutual defection. In this way,
asymmetric effects between fear and greed are determinant to understand if
the lack of cooperation is mainly driven by greedy motivations or by the fear of
the individualistic incentives from the rest of the group. Bowles (2011) discusses
how liberal societies are able to insure its citizens against worst-case outcomes
and how this ability is correlated with strong social preferences. In this context,
fear represents how bad is the worst-case outcome, while greed is more related
to the individual preferred outcome, although not necessarily the best social
outcome. If cooperation is more reduced by fear than by greed, policy design
should give more weight to the provision of a better worst-case outcome, instead
of being exclusively focused in the reduction of the incentives for free-riding.

An early experimental work from the social psychology literature suggests
that greed has a greater impact in the reduction of cooperation than fear (Ko-
morita et al., 1980). They modified the ratio between the returns of the private
and the common funds in a 3-player Prisoner’s Dilemma, finding that the greed
dimension reduces the cooperation rate more than the fear dimension. In Ahn
et al. (2001) participants are subject to four different payoff structures for Pris-
oner’s Dilemmas, in which the dimensions of fear and greed vary across games.
They show an effect of the normalized dimensions1 of fear and greed in a ran-
dom matching protocol, but not in the case of fixed matching. In addition,
as in Komorita et al. (1980), they also find a greater impact from greed than
fear. According to these results, individuals fail to cooperate in a Prisoner’s
Dilemma by the direct incentives to increase their material payoff rather than
by an indirect effect induced by the concern of being exploited. However, we
argue that a Prisoner’s Dilemma constraints the achievable levels of inequality
in the asymmetric outcomes of the game, obstructing results where the potential
losses driven by the level of fear have a greater impact over cooperation than
the potential gains from an equivalent level of greed.

A couple of experimental works tests the role of the fear dimension without
comparing its effects with the greed dimension. Blonski et al. (2007) conducted
an infinitely repeated Prisoner’s Dilemma with six different payoff matrices to
test that changes in the “sucker’s payoff”, received by cooperate while the op-

1The normalization of these dimensions consists on dividing them by the largest payoffs’
difference of the game.
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ponent defects, predicts well changes in the rates of cooperation, even when
controlling by individuals’ risk attitudes. In addition, Shinada and Yamagishi
(2007) implemented a public goods experiment with punishment to test that
a reduction in the fear of being exploited leads to an increase in cooperation.
In each three-person group, one of the participants was privately informed that
he won’t be punished but the others might be, increasing the expectations that
the others will cooperate. Independently if the punishment was provided by the
other participants or the experimenter, the subsequent decrease in the fear of
being exploited leads to an increase in cooperation.

There is an increasing literature on cooperation dilemmas with infinitely re-
peated interactions (Dal Bó (2005); Blonski et al. (2007); Dreber et al. (2008);
Duffy and Ochs (2009); Dal Bó and Fréchette (2011); Fudenberg et al. (2012)).
However, with the exception of Blonski et al. (2007), the exploration of the
asymmetric outcomes remains mostly unexplored. In our experimental design,
we opted for a finitely repeated cooperation dilemma by three reasons: First,
according to Dal Bó (2005) the effects of expected future rounds increase coop-
eration rates, so a finitely repeated game will make fear and greed more salient.
Secondly, in infinitely repeated games, classical game theory predictions are af-
fected by the level of greed but not by the level of fear. A brief explanation
for this theoretical result is that the folk theorem is useful to find the conditions
to maintain mutual cooperation, not to find the conditions to leave mutual de-
fection. Thirdly, to guarantee that treatment cells on a within-subjects design
were balanced. We propose three different cooperation dilemmas, with differ-
ent levels of fear and greed, which were introduced in a within-subjects and a
between-subjects basis. In the former, each player faced the same cooperation
dilemma for ten rounds and then switched to a different one. In the latter, the
participant faced the same game during the thirty rounds.

Duffy and Ochs (2009) proposed an experiment to test the theoretical predic-
tions from Kandori (1992), according to which participants randomly matched
in a Prisoner’s Dilemma will be able to sustain cooperation by developing a so-
cial convention. Experimental findings indicate that this social norm does not
emerge in infinitely repeated games. In our experimental design, we decided
to introduce both types of matching to test if findings from Ahn et al. (2001),
according to which fear and greed are not relevant under fixed matching, are
maintained under severe inequality conditions.

As part of the discussion of the existence of inequity aversion preferences
(Engelmann and Strobel (2004); Fehr et al. (2006)), Fehr et al. (2006) reported
that the preference of equality over efficiency is not related to political attitudes
based on the results of a three-person dictator game. By construction, in one
of the three cooperation dilemmas we introduce in the experiment appears a
trade-off between efficiency and equality. We aim to test if political ideologies
are correlated with the decision to cooperate when the payoffs’ sum is not maxi-
mized by mutual cooperation, which implies the existence of an explicit trade-off
between efficiency and equity. We have included in our post experimental survey
seven questions2 to determine if participants’ political ideologies are correlated

2Questions took from The Political Compass (http://www.politicalcompass.org/)
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with their decision to cooperate, particularly in presence of a trade-off between
equity and efficiency (the list of questions is displayed on Appendix A.4).

We aim to test if political ideologies are correlated with the decision to co-
operate when the payoffs’ sum is not maximized by mutual cooperation.

Our main result is that, when we leave the inequality restrictions imposed
in a Prisoner’s Dilemma, the dimension of fear has a greater impact than
the dimension of greed. Under random matching, the asymmetry between the
motivational pressures is evidenced through a faster reduction of cooperation
rates. Under fixed matching, the greater impact of fear compared to greed
is evidenced through the participants’ awareness of their opponent’s previous
play. In addition, we find that switching from a more unequal dilemma to a
standard Prisoner’s Dilemma lead to a larger increase in cooperation compared
to the equivalent decrease in cooperation when switching from the Prisoner’s
Dilemma to a more unequal game. This result suggests the presence of reference-
dependent preferences (Kószegi and Rabin (2006); Kószegi and Rabin (2007))
affected by the degree of inequality of the asymmetric outcomes in the cooper-
ation dilemma. We also find that a large share of participants in a CUG game
tries to alternate between cooperation and defection, strategy that maximizes
intertemporal payoffs in this game, only if the game horizon is long enough.
Finally, we find that conservative ideologies are positively correlated with the
likelihood to cooperate in a CUG dilemma, where a tradeoff between efficiency
and equality exists.

The paper proceeds as follows: Section 3.2 introduces the proposed classi-
fication for cooperation dilemmas according to their degree of fear and greed.
Section 3.3 exhibits the experimental design and describes our theoretical predic-
tions. Section 3.4 provides the experimental results and the regression analysis.
Section 3.5 presents a general discussion of our results and Section 3.6 concludes.

3.2 Reintroducing fear and greed in coopera-
tion dilemmas

In the individual decision to cooperate are involved both material and non-
material incentives. In the latter, fear and greed were the terms adopted by
social psychologists to define the incentives to leave symmetric strategies (Ko-
morita et al., 1980). Greed favors defection when, given an expected large
fraction of cooperators, the benefits by deviating from cooperation are higher
than the benefits from adopting this strategy. Fear favors defection when, given
an expected small fraction of cooperators, the cost of a unilateral deviation from
defection is higher than the “cost of opportunity” of keep receiving the subop-
timal payoff from defection.

The most commonly known cooperation dilemma is the two-person Pris-
oner’s Dilemma, which is shown in its strategic form on Table 3.1. The four
payoffs of this game are defined as the temptation (T ) to defect when the other
player cooperates, the reward (R) received when both players cooperate, the
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punishment (P ) when both players defect; and the “sucker’s payoff” (S), re-
ceived in case of cooperation while the other individual defects.

Table 3.1: Prisoner’s Dilemma in its strategic form

Player 1 \ Player 2 Cooperate Defect
Cooperate R,R S, T

Defect T, S P, P

Cooperation dilemmas are characterized by the existence of a strictly domi-
nant strategy that, when followed by all the players, lead to a socially undesired
outcome. This condition, shown in expression (3.1) is known as the suboptimal-
ity condition. A second condition, exclusive from the Prisoner’s Dilemma is the
externality larger than internality condition, which guarantees that the exter-
nality cost imposed on the other player will be larger than internality derived
from the benefits of the own defection. This condition is originally expressed as
R−S > T −R to differentiate the externality from the internality (Frohlich and
Oppenheimer, 1996). We rewrite it as is shown in expression (3.2) to show that
this expression implies that, in a Prisoner’s Dilemma, the sum of the players’
payoffs is maximized under mutual cooperation.

T > R > P > S (3.1)

2R > T + S (3.2)

Remember that we have defined greed as the extra benefit of leaving mu-
tual cooperation. This dimension can be expressed in terms of the cooperation
dilemma parameters’ as the difference between the temptation and the reward,
T − R. The Prisoner’s Dilemma constraint shown in expression (3.2) is held
for moderate levels of greed, but if the value of T − R is increased enough, the
externality larger than internality condition is no longer held. As a consequence,
the payoffs’ sum will be maximized under the asymmetric outcome (unilateral
cooperation), turning mutual cooperation into a second best in terms of a util-
itarian welfare function.

If expression (3.2) is no longer held, the internality exceeds the externality.
It provides an opportunity for the defector to compensate the cooperator with
an ex-post transfer δ. The cooperator may accept this arrangement as long
as he can request a transfer such that S + δ > P . On the other hand, the
defector will accept this arrangement if T − δ > R, i.e., if even transferring δ
to the cooperator the benefits of this strategy exceeds his payoff under mutual
cooperation. Besides, in an infinitely repeated game, players may develop an
alternating strategy allowing players to capture the surplus with respect to the
mutual cooperation payoffs.

If a large increase in the greed dimension led us to the violation of one of
the Prisoner’s Dilemma constraints, we may expect the existence of another
constraint that will be violated if the fear dimension in large enough. Expres-
sion (3.3), usually neglected in the definition of a Prisoner’s Dilemma, leads
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to another externality larger than internality condition. In this case, the own
costs of leaving mutual defection are smaller than the benefits received from the
other player by following unilaterally this action. In other words, in a Prisoner’s
Dilemma the sum of the players’ payoffs is minimized under mutual defection.
Recalling that fear was initially defined as the extra cost of leaving mutual
defection, it can be expressed in terms of the game parameters’ as the differ-
ence between the punishment and the sucker’s payoff P −S. As a consequence,
a substantial increase in the fear dimension implies that the externality larger
than internality condition from expression (3.3) is no longer held.

2P < T + S (3.3)

When conditions (3.2) and (3.3) are violated we can no longer talk about
a Prisoner’s Dilemma. However, given that the suboptimality condition is pre-
served independently of the magnitudes of the fear and greed dimensions, the
games derived from the violation of expressions (3.2) and (3.3) are in fact coop-
eration dilemmas. We define these games as Cooperation Under Greed (CUG)
and Cooperation Under Fear (CUF), based on the large values of greed and
fear that lead to the violation of the externality larger than internality condi-
tions. We summarize the characterization of cooperation dilemmas in terms of
the attainable welfare states in Table 3.2.

Table 3.2: Classification of Cooperation Dilemmas

2R > T + S 2P < T + S
Mutual cooperation Mutual defection Loss of convexity

maximizes social welfare minimizes social welfare
Cooperation Under Fear Yes No Below (D,D)
Prisoner’s Dilemma Yes Yes Convex hull
Cooperation Under Greed No Yes Above (C,C)

The last column in Table 3.2 points out the loss of convexity in the highly
unequal cooperation dilemmas as a consequence from the violation of conditions
(3.2) and (3.3) in the CUG and CUF games respectively. Figure 3.1 displays
the payoffs’ sets for each one of the cooperation dilemmas defined, remarking
the cases when there is a loss of convexity. The main implication of this con-
figuration in the payoff hull is the possibility to implement mixed strategies
with payoffs unattainable in the standard Prisoner’s Dilemma. This result is
especially important in the CUG game, where a strategy based on alternating
cooperation may emerge and maximize the expected payoffs of the game without
full cooperation. For the CUF game a new set of attainable outcomes using a
mixed strategy also appears. However, the implementation of a mixed strategy
will result in an expected payoff below the earnings from mutual defection.

In addition, Figure 3.1 also captures the differences in the welfare functions
among the three games. Let us define the social welfare generated by a particular
outcome as the distance from the origin to this point: the farthest its distance
to the origin, the largest the sum of payoffs. The outcome (C,C) maximizes
the social welfare in the CUF game and in the Prisoner’s Dilemma, but not in
the CUG game. In the latter, the asymmetric outcomes (C,D) and (D,C) are
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farther from the origin. Conversely, the outcome (D,D) represents the worst
scenario in the Prisoner’s Dilemma and the CUG game, but in the case of the
CUF game, the asymmetric outcomes (C,D) and (D,C) are closer to the origin
than the mutual defection point.

Figure 3.1: Graphical representation of Cooperation Dilemmas

3.3 Experimental Design

3.3.1 Experimental procedure and treatment cells

In this experiment we set three different cooperation dilemmas to test the role of
fear and greed. When payoff differences in the asymmetric outcome can be al-
tered through an exogenous modification of these motivational pressures, we are
able to analyze the willingness to cooperate under two different environments:
(1) when the costs of cooperation if the other player defects are very high, and
(2) when benefits from defection if the other player cooperates are very high.
We initially propose a within-subjects design where players face each coopera-
tion dilemma –a CUF game, a Prisoner’s Dilemma and a CUG game– for ten
consecutive rounds. The payoff matrices of the three games are displayed in
Table 3.3, and correspond to participants’ earnings in Colombian pesos (cop)3.

Table 3.3: Payoff matrices for the three cooperation dilemmas

CUF Game Prisoner’s Dilemma CUG Game
Cooperate Defect Cooperate Defect Cooperate Defect

Cooperate 800; 800 100; 900 Cooperate 800; 800 500; 900 Cooperate 800; 800 500; 1, 300
Defect 900; 100 600; 600 Defect 900; 500 600; 600 Defect 1, 300; 500 600; 600

Let us define the Prisoner’s Dilemma as the baseline game in our experi-
ment. In this game the dimensions of fear and greed are identical, with a value
of 100 cop. The payoffs from mutual cooperation and mutual defection, whose
difference is usually known as the “cooperator’s gain”, is held constant across
the three dilemmas. To transform the standard Prisoner’s Dilemma into a CUF

3October 2011 exchange rate: 1 usd equivalent to 1,903 cop. Daily minimum wage in
Colombia for 2011 was approximately 9.3 usd.
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game we have increased the fear dimension five times, equivalent to a reduc-
tion in the sucker’s payoff from 500 to 100 cop. Analogously, we transform the
Prisoner’s Dilemma into a CUG game by increasing the temptation payoff from
900 to 1, 300 cop, which corresponds to an increase in the greed dimension of
five times its value in the baseline game. Please note that by modifying the
temptation and sucker’s payoff we do not alter the suboptimality condition. In
addition, the finitely repeated condition and the number of rounds in each game
are common knowledge in all the experimental sessions. As a consequence, full
defection is the Nash equilibrium in all three cooperation dilemmas.

We have three different orders in which cooperation dilemmas will be played
to check if changes in the perception of potential inequality are important in the
transition from one game to another. Besides, we introduce fixed and random
matching protocols to test if fear and greed have different effects when repu-
tation and retaliation mechanisms are available, and check if previous results
from Ahn et al. (2001) are valid in more unequal dilemmas. Combining these
two variables we have six different treatment cells on a within-subjects basis, as
shown in Table 3.4. We also introduce a pair of between-subjects cells to test if
the emergence of alternate coordination depends on the number of interactions.
In these two scenarios participants face the same cooperation dilemma, a Pris-
oner’s Dilemma or a CUG game, during thirty rounds with the same opponent
for the whole session.

Table 3.4: Treatment cells in the experimental design

Within Subjects Between subjects
Fixed Matching Random Matching Fixed Matching

Cell No.1 Cell No.2 Cell No.7
CUF - PD - CUG CUF - PD - CUG PD
(10) - (10) - (10) (10) - (10) - (10) (30)

Cell No.3 Cell No.4 Cell No.8
PD - CUG - CUF PD - CUG - CUF CUG
(10) - (10) - (10) (10) - (10) - (10) (30)

Cell No.5 Cell No.6
CUG - CUF - PD CUG - CUF - PD
(10) - (10) - (10) (10) - (10) - (10)

The experimental sessions were conducted at Universidad de los Andes, in
Bogotá, between September and October 2011. The 204 participants were se-
lected from a total of 349 applicants who were initially contacted by electronic
mail and were interested in the experiment. The participants were undergrad-
uate and graduate students from different careers, mainly economics and en-
gineering. Descriptive statistics of the participants are shown in Table 3.5. A
total of seventeen sessions, with twelve players each, were conducted. Each ses-
sion lasts between sixty and eighty minutes. There was no show-up fee and the
participants were initially informed that they will receive the sum of the payoff
from their decisions in the thirty rounds at the end of the game. Participants
received on average 20,921 cop, corresponding to 11.02 usd.

The experiment was conducted using z-Tree (Fischbacher, 2007). Once par-
ticipants fully understood the instructions and signed the informed consent, they
started with a practice round to get familiarized with the decision procedure.
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Table 3.5: Descriptive statistics from participants

Mean Standard dev.
Male 0.583 0.494
Age 20.461 2.697

Academic periods 5.794 3.031
Economics 0.348 0.478

Business 0.108 0.311
Engineering 0.279 0.450

Natural Sciences 0.127 0.334
Art / Design 0.157 0.365

Social Sciences 0.137 0.345
Payoff (USD) 11.023 1.246

They played a coordination game in this round to avoid the contamination of
prior beliefs in the cooperation dilemmas on the following rounds. Then, par-
ticipants interact for thirty rounds, facing different cooperation dilemmas un-
der a controlled environment corresponding to one of the treatment cells from
Table 3.4. In the within-subjects treatments, after rounds 10 and 20 the exper-
imenter recalls publicly that the game they were facing was about to change in
the following round. Finally, participants completed a short survey and receive
their corresponding payoff. Instructions for one of the sessions (screenshots) are
presented in Appendix A.3.

3.3.2 Theoretical predictions

Having in mind the meta-analysis results (Sally, 1995) and the vast literature
in other-regarding preferences (Rabin (1993); Levine (1998); Fehr and Schmidt
(1999); Bolton and Ockenfels (2000); Bowles (2003)) we expect to find positive
probabilities of cooperation explained by the coexistence of selfish individuals
and conditional cooperators. In this work we try to take one more step and
test how the likelihood to cooperate is affected by the threat of highly unequal
outcomes, and specially, find if there is any asymmetry according to the direc-
tion of this inequality, which we capture in the dimensions of fear and greed.
Therefore, we propose the following testable hypothesis:

Hypothesis 1: When asymmetric outcomes are highly unequal, the fear
dimension has a greater impact on cooperation than the greed dimension

Please note that in this initial hypothesis we are not contradicting previous
findings from Komorita et al. (1980) and Ahn et al. (2001). We are claiming that
if they found a greater effect in greed than in fear, is because in a standard
Prisoner’s Dilemma the payoffs difference P − S is not triggering the fear of
being exploited because condition (3.3) does not allow for pronounced levels of
inequality. In addition, recall that in a CUF game a mixed strategy may lead
to an expected payoff below the earnings from mutual defection, reducing the
incentives to send cooperative signals in the early rounds of the game to the
opponent.

Participants in the within-subjects treatment cells will face the three coop-
eration dilemmas in different orders. Individuals that switch from a CUF/CUG
game to a Prisoner’s Dilemma will experience a reduction in the potential level
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of inequality, while individuals having an opposite transition will experience an
increase in the potential level of inequality. Based on the literature on reference-
dependent preferences (Kószegi and Rabin (2006);Kószegi and Rabin (2007))
we state that changes in the likelihood to cooperate caused by variations in the
perception of inequality depends on the direction in which inequality moves.
Therefore, we aim to test the following hypothesis:

Hypothesis 2: In a cooperation dilemma, a reduction in the perception
of inequality has a greater impact than an equivalent increase in the per-
ception of inequality.

The mechanism that supports the hypothesis above is that a redefinition
of the asymmetric outcomes modifies the prior beliefs that a player has about
the probability that his opponent cooperate. This prior is our definition of the
reference point in cooperation dilemmas, which is especially important in our
experimental design given that the effects of fear and greed are highly corre-
lated with players’ expectations.

Finally, in a CUG game appears a trade-off between efficiency and equality,
which will be used to test two different hypotheses. On the one hand, in a dy-
namic framework individuals may alternate in the reception of the largest payoff
to obtain higher earnings than under mutual cooperation. We want to test if
the likelihood that alternate cooperation emerges in the CUG game is positively
correlated with the number of interactions with the same opponent. A larger
time horizon reduces the relative weight of each round earnings’, incentivizing a
strategy which spends the early rounds of the game in sending a signal of willing-
ness to alternate instead of maintaining a symmetric strategy intertemporally.
On the other hand, we want to test if political attitudes are correlated with
the probability of cooperation facing dilemmas with higher levels of inequality.
Particularly, we want to test if conservative individuals cooperate more in the
presence of a tradeoff between efficiency and equality. Mitchell et al. (1993)
show that right-wing ideologies are positively correlated with preferences of ef-
ficiency over equality, our aim is to check if this relationship is preserved when
the source of inequality is the asymmetric outcome in a cooperation dilemma.
Therefore, we propose the following testable hypotheses:

Hypothesis 3: Individuals are not able to alternate coordinately between
cooperation and defection in the CUG game, even when it is a profit-
maximizing strategy in this dilemma.

Hypothesis 4: More conservative individuals tend to cooperate more in
presence of a tradeoff between efficiency and equality.
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3.4 Experimental Results

3.4.1 Asymmetric effects of fear and greed

Figure 3.2 shows the average rate of cooperation over time for the three different
dilemmas faced in the within-subjects treatments. As expected, independently
of the matching type the cooperation levels are higher in the Prisoner’s dilemma
compared to the most unequal games. On the left panel we observe that under
random matching the rates of cooperation in the CUF game are lower than
in the CUG game; while under fixed matching, on the right panel, we do not
observe a difference between the CUF and CUG games. These results are con-
sistent with Wilcoxon rank–sum tests shown in Table 3.6. At this point we
have shown that in absence of reputation and retaliation mechanisms fear has
a larger impact on the likelihood to cooperate than greed. In addition, we also
have shown that under fixed matching the rate of cooperation in the most un-
equal dilemmas is lower than in a standard Prisoner’s Dilemma. However, the
rates of cooperation do not allow us to see any difference between fear and
greed when interactions occur with the same opponent.

Figure 3.2: Average cooperation by matching protocol

Table 3.6: Wilcoxon rank–sum tests between cooperation dilemmas

Dilemmas Compared
Random Matching Fixed Matching
Difference p-value Difference p-value

PD - CUG 0.0512 0.0055 0.1542 0.0000
PD - CUF 0.1262 0.0000 0.1403 0.0000

CUG - CUF 0.0750 0.0000 -0.0139 0.5955

We propose a non-linear regression to test econometrically the asymmetric
effects of fear and greed. We estimate equation (3.4) for fixed and random
matching treatments separately, looking for particular mechanisms that cap-
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ture the differential effects of fear and greed with repeated interactions against
the same opponent. In this specification, CUFit and CUGit are dichotomous
variables that indicate the cooperation dilemma faced by individual i in round
t. Cj,t−1

it represents the cooperation decision from i’s opponent, defined as j,
in the previous period. This variable is particularly important for considerable
levels of fear and greed, given that the incentives to deviate from symmetric
strategies increase in cooperation dilemmas that differ from the standard Pris-
oner’s Dilemma. Having this in mind we also included the interaction between
the opponent’s lagged decision and the CUF and CUG games. The term γ′Xj

includes individual characteristics such as gender, age, academic periods at the
university, career, and a measure of political attitudes which we will explore in
a following subsection.

Cit = β0 + β1CUFit + β2CUGit + β3roundit + β4C
j,t−1
it

+ β5CUF · Cj,t−1
it + β6CUG · Cj,t−1

it + γ′Xj + uit (3.4)

Marginal effects from the estimations are reported in Table 3.7. Models
(1) to (3) correspond to the fixed matching treatments and models (4) to (6)
correspond to the random matching treatments. We use a logistic regression
assuming random effects. This assumption is plausible given that we are con-
trolling for the unobservable degree of reciprocity by including Cj,t−1

it in the
regression. For robustness, we also estimate this regression including individ-
ual fixed effects in a cross-section logistic regression. Let us begin by showing
that under random matching the fear dimension has a greater negative impact
over the probability to cooperation than the greed dimension. According to
estimations in models (4) to (6) the effect of fear is at least 2.63 times the
effect of greed. In addition, the Chi–square test shown at the bottom of the
table indicates that this difference is statistically significant, even controlling for
individual fixed effects.

In the case of interactions under fixed matching, corresponding to models (1)
to (3), we observe the asymmetry between fear and greed once the interaction
between the type of dilemma and the opponent’s lagged choice is introduced
into the regression. Let us consider initially model (1). In this model we find
that facing a CUF or a CUG game reduces the likelihood to cooperate in com-
parison to a standard Prisoner’s Dilemma, but the difference between fear and
greed is statistically non-significant.

This difference become important when we allow for differential effects of
the opponent’s lagged choice (Cj,t−1

it ) across the different cooperation dilem-
mas. We observe in models (2) and (3) that the CUF coefficient is about 2.54
to 2.80 times larger than the CUG coefficient. In addition, the interaction be-
tween the opponent’s previous choice and the CUF variable has a positive and
significant effect, indicating that a precedent of cooperation reduces the fear
of being exploited by the opponent, increasing considerably the likelihood to
cooperate in this dilemma. The interaction between the opponent’s previous
choice and the CUG variable is not statistically significant, indicating that the
effect of a precedent of cooperation is the same for the CUG game and the
Prisoner’s Dilemma. Let us remark the magnitude of the additional effect of
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Table 3.7: Probability of cooperation (marginal effects)

Probability to cooperate Fixed Matching Random Matching
(marginal effects) (1) (2) (3) (4) (5) (6)
CUF -0.732*** -1.501*** -0.175*** -1.778*** -1.811*** -0.188***

(0.180) (0.312) (0.0357) (0.223) (0.248) (0.0248)
CUG -0.761*** -0.536** -0.0689** -0.658*** -0.687*** -0.0712***

(0.178) (0.267) (0.0313) (0.176) (0.199) (0.0205)
Round 0.0109 0.0101 0.00146 -0.0748*** -0.0745*** -0.00791***

(0.00834) (0.00859) (0.00101) (0.00973) (0.00978) (0.000974)
Opponent lagged choice 2.824*** 2.621*** 0.276*** 1.265*** 1.203*** 0.133***

(0.164) (0.277) (0.0306) (0.179) (0.248) (0.0256)
Opponent lagged choice·CUF 1.346*** 0.141*** 0.146 0.00638

(0.415) (0.0490) (0.518) (0.0541)
Opponent lagged choice·CUG -0.419 -0.0574 0.118 0.0111

(0.358) (0.0427) (0.384) (0.0412)

Individual fixed effects No No Yes No No Yes
Test: CUG = CUF (χ2 statistic) 0.03 11.46*** 10.56** 24.42*** 19.83*** 20.73***
Observations 1,944 1,944 1,701 2,268 2,268 1,728
Controls included: Gender, age, periods in university, career and political score.
Standard errors in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1

a precedent of cooperation in the CUF dilemma. If in a CUG game or in a
Prisoner’s Dilemma the opponent’s previous choice has an effect of X units in
the probability to cooperate, the same opponent’s decision will have an effect
of 1.5X units if they are facing a CUF game.

Finally, estimation results from the random matching case can be used as a
robustness check of the importance of the opponent’s precedent of cooperation
in the asymmetry between fear and greed. If the mechanism that disentangles
this asymmetry is the player’s awareness to the opponent’s lagged choice, then
we do not expect to find any effect of the interacted variable CUF ·Cj,t−1

it under
random matching. Results from models (4) and (5) show that the interactions
between the opponent’s lagged choice and the CUF and CUG games are not
statistically significant, indicating that under random matching the effect of a
precedent of cooperation does not depend on the type of dilemma. However, it
is important to mention that the variable Cj,t−1

it has a positive and significant
effect, indicating the presence of indirect reciprocity in the random matching
sessions.

3.4.2 Fear and greed as modifiers of reference–dependent
utilities

The effects of the degree of inequality in cooperation dilemmas can also be ex-
tended to an analysis of the order in which the three games are faced. When
players in a repeated public goods game are unexpectedly told that they will
play again for another ten rounds, the average contributions at the beginning of
the new stage are close to the initial contributions. This behavior, known as the
“restart effect” (Andreoni, 1988), is stronger under fixed than under random
matching. We find a similar behavior in our experiment after each stage of ten
rounds facing the same cooperation dilemma, which is the two-person version
of a public goods game. In addition we show that reductions in the perception
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of potential inequality, i.e. when switching from a CUF or a CUG game to
the Prisoner’s Dilemma, have a greater impact over the likelihood to cooperate
than an equivalent increase in the perception of potential inequality.

In Figure 3.3 we show the average level of cooperation for each one of the
dilemmas when they were played in the first, second and third stage of the
experimental session. On the left panel, corresponding to the random match-
ing treatment cells, we observe that the rate of cooperation decreases with the
stages of the game of all three dilemmas. We state that, if the order in which
the three dilemmas were played was irrelevant, we should expect to observe
three parallel lines with negative slope. However, two observations from the
figure contradict this hypothesis: (i) in the Prisoner’s Dilemma, the decrease
in the average cooperation rate from the first to the second stage is almost
zero. Our explanation to this result is that when the Prisoner’s Dilemma is
played in the second stage, it is preceded by the CUF game and participants
value the reduction in the potential level of inequality. (ii) In the first stage,
the average level of cooperation of the CUG game and the Prisoner’s Dilemma
are very close; while in the third stage the average level of cooperation of the
CUG and the CUF games are very close. The initial similarity between the
CUG game and the Prisoner’s Dilemma shows that, when the level of potential
inequality is self-referenced we do not observe an impact of the greed dimension.

Figure 3.3: Average cooperation according to the order in which dilemmas are faced

On the right panel, corresponding to the fixed matching treatment cells, we
observe that the rate of cooperation increases with respect to the first stage, es-
pecially in the case of the Prisoner’s Dilemma. As in the random matching case,
we expect a parallel tendency between the lines describing the cooperation rates
for the three dilemmas, now with a positive slope. However, we find evidence
that the order in which the dilemmas are faced is important to predict changes
in the probability of cooperation. Two observations support our statement: (i)
In the first stage the average level of cooperation is very close among all three
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dilemmas. In fact, in this stage the rate of cooperation of the CUG game is
higher than in the Prisoner’s Dilemma. As a consequence, the parallel tendency
hypothesis predicts that the highest levels of cooperation will be obtained un-
der the CUG game in all three stages of the experimental session. (ii) The
average level of cooperation in the Prisoner’s Dilemma rises considerably from
the first to the second stage. This fact supports our hypothesis that switching
from a more unequal dilemma redefines the reference-point of potential gains
and losses, increasing the likelihood to cooperate.

We propose the model shown in equation (3.5) to test the existence of or-
der effects when switching from a cooperation dilemma to another. Variables
CUFit, CUGit and Cj,t−1

it are defined as in specification (3.4) in the previous
subsection. Stage2it and Stage3it are categorical variables indicating when an
observation corresponds to rounds 11–20 or rounds 21–30 respectively. Our
variables of interest are Stage2 ·CUF/CUGit and Stage3 ·CUF/CUGit, which
capture the combined effects of these most unequal dilemmas when at least two
different games have been played. We merged the CUF and CUG games as
CUF/CUG because we cannot identify separate effects from fear and greed,
but we are able to test if a reduction in the potential level of inequality is ac-
counted different than an equivalent increase in the potential inequality. Our
identification limitation comes from the fact that we do not have any treat-
ment cell where the CUG game were played immediately before the standard
Prisoner’s Dilemma, nor any other treatment cell where the CUF game follows
directly a Prisoner’s Dilemma.

Cit = β0 + β1CUFit + β2CUGit + β3C
j,t−1
it + β4Stage2it + β5Stage3it

+ β6Stage2 · CUF/CUGit + β7Stage3 · CUF/CUGit + γ′Xj + uit (3.5)

Marginal effects from our estimations are reported in Table 3.8. Let us be-
gin by describing the results from models (1) and (2), corresponding to the
estimations under random matching. We expect that the average level of co-
operation decreases in each stage when players interact with a different player
in each round. As a consequence we expect negative coefficients from Stage2it
and Stage3it, indicating that the level of cooperation in a Prisoner’s Dilemma
will decrease with the number of interactions. If the parallel tendency hypoth-
esis is valid, we expect that variables CUFit and CUGit will be negative and
statistically significant and the interacted variables Stage2 · CUF/CUGit and
Stage3 · CUF/CUGit will have no effect.

We find that the CUFit variable is negative and significant while the CUGit

does not, which is the expected result if we compare the levels of cooperation
in the first stage on the left panel from Figure 3.3. We do not find statistically
significant effects when we compare the first two stages, but when we compare
the first and the last stage we find that the variable Stage3it and the interaction
Stage3 ·CUF/CUGit are negative and statistically significant. This comparison
indicates that the differences between the Prisoner’s Dilemma and the CUF and
CUG games are increased once all three games are played, favoring cooperation
when the current incentives are preceded by persistent unequal dilemmas.
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Table 3.8: Probability of cooperation (marginal effects) to test order effects

Probability to cooperate Random matching Fixed Matching
(marginal effects) (1) (2) (3) (4)
CUF -1.228*** -0.105** 0.124 0.0392

(0.410) (0.0530) (0.310) (0.0376)
CUG -0.176 -0.00164 0.0984 0.0384

(0.324) (0.0415) (0.318) (0.0392)
Opponent lagged choice 1.317*** 0.145*** 2.697*** 0.271***

(0.177) (0.0177) (0.167) (0.0140)
Second stage -0.0296 0.0237 1.779*** 0.237***

(0.413) (0.0553) (0.396) (0.0470)
Third stage -0.876** -0.0786* 1.328*** 0.216***

(0.358) (0.0445) (0.403) (0.0501)
Second stage·CUF/CUG -0.693 -0.115 -1.600*** -0.230***

(0.589) (0.0798) (0.510) (0.0626)
Third stage·CUF/CUG -0.946* -0.112* -1.333*** -0.229***

(0.556) (0.0669) (0.502) (0.0625)

Individual fixed effects No Yes No Yes
Observations 2,268 1,728 1,944 1,701
Controls included: Gender, age, periods in university, career and political score.
Standard errors in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1

In the case of fixed matching, corresponding to models (3) and (4), we find
clear evidence of the existence of order effects in our estimation that validates
the results from the right panel on Figure 3.3. Under fixed matching we expect
a positive relationship between the level of cooperation and the number of inter-
actions. We find that the coefficients of Stage2it and Stage3it are positive and
significant, confirming the predicted increase in average cooperation for a Pris-
oner’s Dilemma. Even more important, the interactions Stage2 · CUF/CUGit

and Stage3 ·CUF/CUGit are negative and statistically significant. This result
is robust to the introduction of individual fixed effects. Finally, we observe
that in models (3) and (4) the coefficients of CUFit and CUGit are statisti-
cally non–significant. These results, far from invalidating our previous findings,
are in fact supporting the relevance of the transitions to less unequal cooper-
ation dilemmas. On the right panel from the figure mentioned above, at the
first stage, there are no considerable differences in cooperation rates among the
three games. This effect is captured in our regression by the lack of significance
of the CUFit and CUGit variables, indicating that the higher probability of
cooperation in a Prisoner’s Dilemma is driven by a comparison of its outcomes
with the payoffs of a more unequal game when at least two different dilemmas
have been faced.

Our explanation for this behavior is that when individuals face a cooperation
dilemma they set a belief about their opponent’s likelihood to cooperate, but an
improvement of the conditions to cooperate is overweighed in comparison to an
equivalent deterioration of these conditions. The “restart effect” suggests that
if the game starts again, players will try to establish a norm at the highest level
of cooperation previously established (Andreoni, 1988). In our experimental
setting switching from one dilemma to another implies a game restart, and this
effect is accompanied by a modification of the incentives to defect captured in
the level of fear and greed. In a transition from a CUF or a CUG game to a
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standard Prisoner’s Dilemma, individuals establish their cooperative norm at a
higher level of cooperation than the achieved under the previous dilemma be-
cause the reduction in fear or greed is overweighed in the expectations of future
cooperation. On the opposite transition, passing from a Prisoner’s Dilemma to
a CUF or a CUG game, individuals internalize that the incentives to defect
have increased and underweight their opponent’s probability to cooperate, set-
ting a lower cooperation norm. In other words, Andreoni’s “restart effect” is
magnified by reductions in the incentives to defect derived from lower levels of
fear or greed.

3.4.3 Testing the emergence of the alternating coopera-
tion strategy

An alternative explanation to the effect of greed in the reduction of the average
level of cooperation is that in a CUG game players can establish an alternating
strategy that maximizes their intertemporal earnings. According to Table 3.9,
the 16.7% of participants alternate between cooperation and defection for at
least four rounds in a 10-rounds CUG game; this proportion can be consid-
ered low if we take into account that in a Prisoner’s dilemma, where there are
no incentives to alternation, the proportion of players following this strategy is
9.7%. If we compare the fixed versus random matching results for the CUG
game, an extra 7.1% of the participants try to alternate in the former matching
protocol compared to the latter. Under fixed matching, in two thirds of the
cases in which a participant try to alternate, his strategy was followed by his
partner. However, this alternation did not last more than five rounds, even if it
was reached in early rounds of the stage.

Table 3.9: Fraction of players that pick alternate decisions for at least four consecu-
tive rounds

CUF PD CUG
Random matching - Within subjects 0.012 0.119 0.095
Fixed matching - Within subjects 0.000 0.097 0.167
Fixed matching - Between subjects - 0.125 0.542

We introduce another two treatment cells in our experimental design to test
if a larger number of interactions under a CUG game promotes the alternat-
ing cooperation strategy. We included two treatment cells where participants
face the same cooperation dilemma, a CUG game or a Prisoner’s Dilemma, for
thirty rounds. According to results in Table 3.9, the 54.2% of participants in
the CUG treatment cell try to alternate for at least four rounds. From these
players, which we define as alternators, the 38.4% follow this strategy for at
most 5 rounds, 23.1% for at most 12 rounds and another 23.1% for 17 rounds,
while the remaining 15.4% did it for 22 rounds. Despite the multiple efforts to
set an alternating strategy, we observe only two successful cases of alternation
between cooperation and defection that lasts more than five rounds. These cou-
ples set this strategy during twelve and twenty two rounds respectively.
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We propose an econometric model to test the emergence of an alternating
strategy in the case of the CUG game. The specification proposed is shown in
equation (3.6), and is estimated separately for the within and between subjects
treatment cells. We do not include the observations from the CUF dilemmas
because they were excluded from our between subjects treatment cells, so our
valid counterfactual game is only the Prisoner’s Dilemma. In a specification
including only the opponent’s last movement we cannot identify reciprocators
from alternators. In both cases players’ response to the previous action can be
described as “do what your opponent did last round”. To be able to identify ef-
forts to alternate from reciprocal responses, we introduce information about the
last two movements from each participant’s opponent using four indicator func-
tions. These indicators have the form I(Sj,t−1, Sj,t−2)it where S corresponds
to cooperation (C) or defection (D) in the period t − T with T ∈ 1, 2. On the
one hand, the terms I(Cj,t−1, Cj,t−2)it and I(Dj,t−1, Dj,t−2)it are defined as the
reciprocity indicator functions. On the other hand, the terms I(Cj,t−1, Dj,t−2)it
and I(Dj,t−1, Cj,t−2)it are defined as the alternation indicator functions. If the
alternating strategy emerges, we expect that the reciprocity indicator functions
and their interactions with the CUG variable will have opposed signs. In ad-
dition, we expect that the alternation indicator functions won’t be significant,
while their interactions with the CUG variable will be negative if the last op-
ponent’s choice was cooperation, and positive otherwise.

Cit = β0+β1CUGit+α1I(Cj,t−1, Cj,t−2)it+α2I(Cj,t−1, Dj,t−2)it+α3I(Dj,t−1, Dj,t−2)it

+ α4I(Dj,t−1, Cj,t−2)it + α5I(Cj,t−1, Cj,t−2) · CUGit + α6I(Cj,t−1, Dj,t−2) · CUGit

+ α7I(Dj,t−1, Dj,t−2) · CUGit + α8I(Dj,t−1, Cj,t−2) · CUGit + γ′Xj + uit (3.6)

Estimation results are reported in Table 10. Models (1) and (2) correspond
to the estimations for the within subjects treatment cells, where each partici-
pant played in a CUG game and in a Prisoner’s Dilemma during ten consecutive
rounds per game. Models (3) and (4) correspond to the estimations for the be-
tween subjects treatment cells, where each participant played a CUG game or
a Prisoner’s Dilemma during thirty consecutive rounds. In the first two esti-
mations we observe that interactions between the CUG game and the indicator
functions are statistically non-significant. In addition, the coefficient from all
indicator functions depends only on the last opponent’s movement, indicating
that when the game is faced for only ten rounds the participants’ assessment of
the history of the game is limited to their last interaction. The combination of
these results suggests that alternating strategies are not likely to emerge if the
game horizon is very short.

Marginal effects in models (3) and (4), corresponding to the between sub-
jects treatment cells, are compatible with the evidence from Table 3.9 that
alternating strategies are not likely to emerge systematically in long horizon
CUG games systematically in the whole population. Consistent with the alter-
nation hypothesis, we find that the reciprocity indicator functions are statisti-
cally significant, while the alternation indicator functions are not statistically
significant once we introduce individual fixed effects. These results indicate that
in a Prisoner’s Dilemma only reciprocal mechanisms are having effect, as was
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Table 3.10: Probability of cooperation (marginal effects) to test alternation

Probability to cooperate 10 rounds per game 30 rounds per game
(marginal effects) (1) (2) (3) (4)
CUG -0.624** -0.0937** -1.055* -0.544**

(0.282) (0.0396) (0.561) (0.251)
I(Ct−1, Ct−2) 1.392*** 0.178*** 2.361*** 0.300***

(0.289) (0.0400) (0.423) (0.0655)
I(Ct−1, Dt−2) 0.898** 0.140** -0.0453 0.0373

(0.445) (0.0609) (0.530) (0.0795)
I(Dt−1, Dt−2) -1.856*** -0.222*** -2.112*** -0.215***

(0.347) (0.0463) (0.436) (0.0654)
I(Dt−1, Ct−2) -1.147*** -0.135** -1.236** -0.124

(0.421) (0.0578) (0.586) (0.0862)
I(Ct−1, Ct−2)·CUG -0.0301 -0.0223 -1.434** -0.178**

(0.409) (0.0581) (0.578) (0.0877)
I(Ct−1, Dt−2)·CUG -0.868 -0.116 1.096* 0.113

(0.566) (0.0780) (0.648) (0.0953)
I(Dt−1, Dt−2)·CUG 0.256 0.0353 1.373** 0.116

(0.455) (0.0636) (0.564) (0.0834)
I(Dt−1, Ct−2)·CUG 0.109 0.0186 0.489 0.0213

(0.559) (0.0769) (0.702) (0.102)

Individual fixed effects No Yes No Yes
Observations 1,440 1,220 1,440 1,230
Controls included: Gender, age, periods in university, career and political score.
Standard errors in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1

expected. Besides, the reciprocity indicator functions and their interactions
with the CUG game have opposed signs, although only one of these interac-
tions (I(Cj,t−1, Cj,t−2) · CUGit) is statistically significant when we control for
individual fixed effects. However, estimation results in favor of the alterna-
tion hypothesis are not complete. The terms I(Cj,t−1, Dj,t−2) · CUGit and
I(Dj,t−1, Cj,t−2) · CUGit are not significant, as will be expected in the case of
alternating strategies. Our explanation for these results is that, as we stated
earlier, only half of participants try to establish the alternation strategy in the
CUG game while the other half does not. Given that our estimation method
gives us an average effect, the alternation indicator functions are might not be
significant by the cancellation of opposing effects between alternators and re-
ciprocators. Concluding, we find some first insights about the emergence of the
alternating strategy, but our evidence is inconclusive.

3.4.4 Political ideologies and the trade-off between effi-
ciency and equity in the CUG game

We introduce into the analysis the political ideologies to determine their effect
across the different dilemmas. Particularly, we are interested in how political
ideologies shape individual preferences in the tradeoff between equity and effi-
ciency that appears in a CUG game. We calculate a standardized political score
for each participant using seven questions (see Appendix A.4) on a four-level
Likert scale. In this measure of political attitudes, negative values correspond
to left-wing ideologies and positive values correspond to right-wing ideologies.
We propose the specification shown in equation (3.7), similar to equation (3.4)
except that in includes the interactions of the standardized political score with
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the CUF and CUG games. We run separately the models for fixed and ran-
dom matching to capture the reciprocal and reputational effects in the case of
repeated interactions with the same opponent.

Cit = β0 + β1CUFit + β2CUGit + β3politicalscorei

+ β4politicalscore · CUFit + β5politicalscore · CUGit + γ′Xj + uit (3.7)

Marginal effects from our estimations are reported in Table 11. We find
that individuals more akin to conservative ideologies are less likely to cooperate
in a Prisoner’s Dilemma, although the effect under fixed matching disappears
when individual fixed effects are introduced. Our main result is that the same
individuals, those who are closer to right–wing ideologies, are more likely to
cooperate in presence of a tradeoff between efficiency and equity (i.e. in our
CUG dilemma) than individuals with left–wing ideologies. This effect is robust
to the introduction of individual fixed effects, independently of the matching
type, and goes in line with social psychology literature stating that preferences
for efficiency over equality and tolerance to inequality are positively correlated
with right–wing political attitudes (Mitchell et al. (1993); Jost et al. (2003)).

Table 3.11: Probability of cooperation (marginal effects) to test effects of political
ideology

Probability to cooperate Fixed matching Random Matching
(marginal effects) (1) (2) (3) (4)
CUF -1.584*** -0.183*** -1.753*** -0.180***

(0.318) (0.0360) (0.251) (0.0250)
CUG -0.648** -0.0826*** -0.613*** -0.0623***

(0.272) (0.0315) (0.203) (0.0208)
Political score -0.724*** 0.0474 -0.408** -0.0878**

(0.219) (0.0392) (0.201) (0.0374)
Political score·CUF 0.255 0.0278 0.349 0.0436*

(0.211) (0.0242) (0.238) (0.0256)
Political score·CUG 0.461** 0.0591*** 0.386** 0.0429**

(0.180) (0.0206) (0.175) (0.0185)

Individual fixed effects No Yes No Yes
Observations 1,944 1,701 2,268 1,728
Controls included: Rounds, gender, age, periods in university, career and
previous opponent’s choice.
Standard errors in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1

3.5 Discussion

The main goal of this research was to test the importance of the asymmetric
outcomes in the likelihood to cooperate. By construction, this asymmetry is
associated to payoffs’ differences between the defector and the cooperator. Fol-
lowing the social psychology literature, we define the motivational pressures to
leave mutual cooperation and to stay in mutual defection as greed and fear re-
spectively. Previous experimental evidence suggests that greed has a greater
impact in the reduction of cooperation than fear (Komorita et al. (1980); Ahn
et al. (2001)). However, their results are based in the most commonly known
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cooperation dilemma, the Prisoner’s Dilemma, where the potential level of in-
equality is constrained by two conditions: mutual cooperation is the best social
outcome and mutual defection is the worst outcome. We proposed two ad-
ditional cooperation dilemmas where increases in fear and greed distort the
inequality constraints from the standard Prisoner’s Dilemma without violating
the suboptimality condition. These games, defined as Cooperation under Fear
(CUF) and Cooperation under Greed (CUG), were introduced in our experimen-
tal design and we have shown that fear has a greater impact than greed if the
potential inequality conditions are great enough. In other words, this result sug-
gests that players are more likely to tolerate inequality if they perceive it as an
extra benefit received by the other, than as an extra cost inflicted to themselves.

According to the results shown in Table 3.7 the asymmetric effects of fear
and greed are held under random and fixed matching. Ahn et al. (2001) state
that these motivational pressures are important only under random matching,
because under fixed matching the history of the game overwhelms the potential
effects of fear and greed. At first sight, we observe the same result in our re-
search as depicted on the right panel from Figure 3.2. The lines describing the
average level of cooperation in the CUF and CUG dilemmas are overlapped.
However, we are able to identify the differences between fear and greed with
the introduction of the interaction between the last opponent’s choice and the
CUF and CUG games. We find that a precedent of cooperation is more im-
portant in the former than in the latter, and controlling for the heterogeneous
effects of the history of the game in each dilemma we recover the asymmetric
effect between the two motivational pressures. In fact, the interaction between
the lagged opponent’s choice and the CUG game is statistically non-significant,
which means that there are no differential effects of the increasing degree of
inequality of this game compared to the standard Prisoner’s Dilemma.

Let us focus on the interaction between the CUF game and the last oppo-
nent’s choice, which holds the mechanism by which the effect of fear acts under
fixed matching. To think about the magnitude of this effect suppose that, if
a precedent of cooperation increases the likelihood to cooperate by X percent
points in one of the other dilemmas, the same signal about the opponent’s dis-
position to cooperate has an effect of 1.51X percent points in a CUF game.
We may think that the will to cooperate is highly rewarded in this cooperation
dilemma, or equivalently, that the lack of intention to cooperate is highly pun-
ished. In this sense, (the loss of) fear is more a complement than a substitute
of the reputational mechanism in a cooperation dilemma. If the worst outcome
of the game is too bad, as in a CUF dilemma, reputational effects are acting as
signals of an intention to leave bilaterally mutual defection, which is the main
condition to overcome the fear of being exploited. As a robustness check of the
complementarity between (the loss of) fear and reputational effects, we do not
expect to find any significance in the interaction between the CUF dilemma
and the last opponent’s choice under random matching. Marginal effects from
models (5) and (6) in Table 3.7 confirm that in absence of reputational mecha-
nisms this interacted variable is statistically non-significant.

Our experimental design includes several treatment cells as an effort to deter-
mine if the order in which the different dilemmas were played is correlated with
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the likelihood to cooperate. We combine two behavioral patterns, the “restart
effect” (Andreoni, 1988) and the reference-dependent preferences (Kószegi and
Rabin (2006); Kószegi and Rabin (2007)), to suggest that when switching from
a CUF or a CUG game to a Prisoner’s Dilemma, participants try to establish
a new cooperative norm but they overweight the effect of the reduction in in-
equality over the prior beliefs of their opponent’s likelihood to cooperate. On
the other hand, participants switching from a Prisoner’s Dilemma to a CUF or
a CUG game update differently their prior beliefs concerning their opponent’s
cooperation. In the latter, the effect of an increase in potential inequality is
opposed to the “restart effect”. As a consequence, in the new stage partici-
pants try to establish a cooperative norm below the previous one. The role of
reference-dependent preferences in our hypothesis is that, if we define the belief
about the opponent’s likelihood to cooperate as the reference point in a cooper-
ation dilemma, increases in the belief about other’s probability of cooperation
are accounted different that equivalent decreases.

Marginal effects reported in Table 3.8 support our hypothesis that the order
in which dilemmas are faced matters, especially for the fixed matching case.
According to Figure 3.3 the average level of cooperation in the first stage is
the same (statistically) among the three dilemmas. Once participants enter in a
new stage we observe that switching from a CUF game to a Prisoner’s Dilemma
triggers cooperation. Given that the rates of cooperation were practically the
same across the different games in the first stage of each session, the observed in-
crease in cooperation in the standard Prisoner’s Dilemma compared to the other
games evidences the positive effect of a reduction in the perception of coopera-
tion. In models (3) and (4) we observe that the CUF and CUG variables are
statistically non–significant, while its interaction with the categorical variables
capturing late rounds of the experimental session is negative and highly signif-
icant. This result ratifies that the differences between cooperation dilemmas
appear only when the subjects are able to compare between two different payoff
structures, updating their beliefs about their opponent’s likelihood to cooperate.

In the random matching case the order effects are not as evident as in the
fixed matching case, which is reflected in the lack of significance of the categor-
ical variable defining the second stage of the session and of its interaction with
the variable indicating a CUF or a CUG dilemma in models (1) and (2). How-
ever, the interaction between the variable defining the third stage and the most
unequal dilemmas is negative and significant, as is expected if the reduction in
inequality from the Prisoner’s Dilemma is overweighed at the beginning of the
final stage. The late appearance of statistical significance when testing order
effects under random matching indicates that the result is mainly driven by the
sessions in which the Prisoner’s Dilemma is played last. This means that only
individuals that have been subject to high levels of inequality for a large number
of interactions perceive the reduction in inequality in the Prisoner’s Dilemma as
an opportunity to raise the cooperative norm. We have two explanations for the
diminished effects of the order in which games are played under this matching
protocol. First, average levels of cooperation under random matching are lower
than under fixed matching for all three dilemmas, what implies that the same
power of the sample is less effective detecting changes under random matching.
Second, the “restart effect” is diminished under random matching (Andreoni,
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1988); as a consequence, its combined effect with the reduction in potential
inequality is diminished too. Intuitively, individuals are less confident in es-
tablishing a cooperative norm in absence of reputational mechanisms, reducing
the effects of a reduction in the attainable levels of inequality in a cooperation
dilemma.

One of the characteristics of the CUG dilemma is that the maximization
of a utilitarian welfare function corresponds to the asymmetric outcomes of
the game, generating a tradeoff between efficiency and equality. In a dynamic
framework, the tradeoff in the static game can be seen as an opportunity to
establish a set of rules that allow players to alternate the reception of the high-
est payoff without leaving the efficient outcome of the game. The simplest case
corresponds to an immediate and coordinate alternation between cooperation
and defection, a strategy that we define as alternate cooperation. Apart from
the within subjects treatment cells, we introduced two treatment cells where
participants interact under only one cooperation dilemma, a CUG game or a
Prisoner’s Dilemma, for thirty rounds with the same partner. Table 3.9 shows
that when players interact for ten rounds in a CUG game, only the 16.7% of
them try to interact for at least four consecutive rounds, while the same behav-
ior is followed in a Prisoner’s Dilemma by the 9.7% of participants. When the
interactions under the same dilemma are increased to thirty rounds we observe
that the 54.2% of players in a CUG game alternate for at least four rounds,
while in the Prisoner’s Dilemma only a 12.5% of players behave in this way. In
addition, we only observe two of a total of twenty four successful cases where
participants interacted for a large number of rounds, especifically for 22 and
17 rounds. Our interpretation of these results is that, in absence of publicly
provided coordination mechanisms, individuals are more likely to establish the
alternate cooperation strategy only if the game horizon is large enough to cover
the costs of trying to alternate. Our data are consistent with the fact that these
costs are higher for participants that already established a mutual cooperation
strategy, as we observe that all the efforts to establish alternation comes from
couples of participants under mutual defection. However, it is important to re-
mark that only half of the individuals in a game repeated for thirty rounds try
to establish this strategy, and the largest part of them does not succeed.

Although results in Table 3.10 support the fact that in a short horizon game
individuals do not try to establish the alternation strategy, we do not find con-
clusive evidence that under games with a larger horizon all the participants try
to alternate coordinately. Let us begin by analyzing the results of models (1)
and (2), where the marginal effects indicate that variables supposed to capture
efforts to alternate are in fact capturing reciprocity effects. We find that, inde-
pendently of the opponent’s decision two periods ago, an immediate precedent
of cooperation increases the likelihood to cooperate and if a precedent of de-
fection has the opposite effect. These variables interacted with the CUG game
are not significant, confirming that in short horizon games the incentives to es-
tablish alternation are not enough. If we focus now on results from models (3)
and (4), corresponding to the between subjects treatment cells, we observe that
the interacted variables introduced to capture the alternation efforts are non-
significant. Having in mind that in models (1) and (2) these variables capture
reciprocal effects even if our intention was to capture alternation signals, the loss
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of significance in the last regressions implies that players incorporate into their
current decision their opponent’s choices from at least two rounds ago, giving
an opportunity that alternation emerges. However, our evidence is inconclusive
because only one of the interactions of these coefficients with the CUG game
is statistically significant. In the CUG dilemma, participants are less likely to
cooperate than in a Prisoner’s Dilemma if their opponent cooperate the last
two rounds. This result, indirectly, reveals an effort to try to alternate in the
CUG dilemma. This result is supported by our previous finding according to
which the last opponent’s choice does not have any extra effect in a CUG game
compared to a Prisoner’s Dilemma, as is reported on Table 3.7. Given that the
remaining interactions are statistically non–significant, we cannot affirm that
the successful establishment of alternation strategies occurs systematically in a
CUG game.

Finally, we come back to the tradeoff between efficiency and equality gener-
ated in a CUG dilemma to test if political attitudes are correlated with the like-
lihood to cooperate in this particular game. According to Mitchell et al. (1993),
right–wing ideologies are positively correlated with preferences for efficiency over
equality, so we expect to find that participants with conservative ideologies coop-
erate more in a CUG game than in a Prisoner’s Dilemma. Results in Table 3.11
indicate that, independently of the matching type, conservative individuals are
more likely to cooperate in the CUG dilemma than liberal individuals. Given
that this effect is not observed in the CUF game, we can say that the tolerance
to inequality associated to conservative attitudes is mainly valid in the presence
of the tradeoff between efficiency and equality. In other words, the tolerance to
inequality is driven by the possibility of receiving a significant largest payoff. In
absence of this possiblity, as in the CUF game, we find a marginally significant
effect from political attitudes under random matching, and a null effect in the
case of fixed matching. If we turn our attention into the coefficient of the polit-
ical score (without interactions), we find that in a standard Prisoner’s Dilemma
liberals cooperate more than conservatives. However under fixed matching, the
statistical significance is missed once we introduced individual fixed effects. Our
explanation for this loss of significance is that reciprocity is captured in the in-
dividual fixed effects, an explanation consistent with the fact that this effect is
preserved under random matching when introducing the individual fixed effects.
In the standard dilemma, where inequality concerns are diminished, our expla-
nation for the effects of political attitudes over the probability of cooperation are
based on the differences in the moral foundations of liberals and conservatives
proposed by Graham et al. (2009). Moral foundations are divided in individual-
izing foundations (harm/care and fairness/reciprocity) and binding foundations
(ingroup/loyalty, authority/respect, and Purity/Sanctity). They state that left–
wing ideologies are constructed over the first two principles, while right–wing
moral foundations are constructed over both groups of principles. If liberal sub-
jects are more likely to cooperate than conservative subjects when the level of
inequality is low, we are capturing the largest effects from reciprocal altruism,
derived from the fairness/reciprocity foundation, and the evolution of empathy
derived from the harm/care foundation.



3.6. CONCLUSIONS 59

3.6 Conclusions

We explored how the level of inequality induced by the asymmetric outcomes in
a cooperation dilemma affects individuals’ decisions. We used the motivational
pressures defined as fear and greed to categorize the cooperation dilemmas
according to the magnitude and direction of inequality. Fear is defined as the
extra cost inflicted on a player who deviates unilaterally from mutual defection.
Greed is defined as the extra benefit received by a player who deviates unilat-
erally from mutual cooperation. A large increase in the greed dimension leads
to the violation of the restriction that mutual cooperation is the best social
outcome, while a large increase in the fear dimension leads to the violation of
the restriction that mutual defection is the worst social outcome. We conducted
a lab experiment including a Prisoner’s Dilemma and two additional and more
unequal games, Cooperation under Greed and Cooperation under Fear, to test
the asymmetric effects of these motivational pressures.

Our main finding is that, if the degree of inequality is large enough to violate
the restrictions of a Prisoner’s Dilemma, the dimension of fear has a greater ef-
fect than the dimension of greed. Under random matching this effect is observed
directly, while under fixed matching the larger effect of fear in the likelihood
to cooperate lies on the importance of a precedent of cooperation in the last
round. This result can be interpreted as an existing complementarity between
reputational effects and the reduction of the fear of being betrayed.

An exploration of the order in which the games were played suggests the ex-
istence of reference–dependent preferences revealed by switching from one coop-
eration dilemma to another: reductions in the potential level of inequality have
a greater effect over the probability of cooperation than equivalent increases in
potential inequality. Our explanation for this result is that the “restart effect”
(Andreoni, 1988) is enhanced when players switch from a CUF or a CUG game
to a Prisoner’s Dilemma because individuals overweight their opponent’s prob-
ability to cooperate in their effort to establish a cooperative norm in the new
stage of the game.

By construction, there is a tradeoff between efficiency and equality in a CUG
dilemma. We use this particularity to explore if political attitudes are correlated
with the preferences of efficiency over equality; and to test if individuals are able
to establish a dynamic strategy based in alternate cooperation, strategy that
maximizes the intertemporal payoffs of both players. We find that conservative
individuals are more likely to cooperate in a CUG dilemma than liberal indi-
viduals, but less likely to cooperate in a Prisoner’s Dilemma compared to the
same group. The evidence from the CUG game is consistent with the social psy-
chology literature stating that conservatives are tolerant to inequality and may
prefer efficiency over equality (Mitchell et al. (1993); Jost et al. (2003)). The
evidence from the Prisoner’s Dilemma is consistent with the theory that higher
levels of reciprocity and altruism shown by liberals are based on the individu-
alizing foundations of care and reciprocity (Graham et al., 2009). Although we
do not find conclusive evidence that individuals systematically try to establish
the alternating cooperation strategy, we observe that a larger game horizon and
being playing a suboptimal strategy (such as mutual defection) increases the
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likelihood that participants try to alternate coordinately.
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Chapter 4

Communication Networks
and Conventions in
Common-Pool Resource
Games: Field Experimental
Evidence

This paper explores the role of different extraction recommendations
among users of a common pool resource under two different social
structures. In a hierarchical structure, high extraction (non coop-
erative) recommendations from the central player shift upwards the
extraction convention in the long-run; while the effect of the analo-
gous low extraction (cooperative) recommendations is important in
the first periods but is not persistent over time. The transmitted
recommendation is often used as a signaling of the participant’s fu-
ture choice. Deviations from this behavior are explained by received
recommendations distant to the message initially transmitted, es-
pecially in centralized communication structures. Besides, players
randomly assigned to the central node in the hierarchical structure
reduce their level of extraction, independently of the type of recom-
mendation transmitted.

4.1 Introduction

The role of self-governance in the solution of social dilemmas faced in the extrac-
tion of common pool resources, henceforth CPR, has been extensively studied
using surveyed information and experimental methods (Ostrom et al. (1992);
Ostrom et al. (1994); Ostrom (2002); Ostrom (2006)). Artifactual field experi-
ments have allowed researchers to recreate the CPR extraction under different
institutional arrangements with actual users of common pool resources. Empir-
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ical evidence illustrates that face-to-face communication has a key role in the
establishment of non-binding agreements and endogenously elected rules that
improve significantly the group’s social welfare (Cárdenas and Ostrom (2004);
Cárdenas (2011); Cárdenas and Carpenter (2011)).

Communities generate social norms that are usually adopted by members of
the same group, but vary across groups. Differences in the final result of this
dynamic process can be explained by the existence of conformist effects, where
the individuals’ utility increases by following dominant cultural manners, lead-
ing to cultural homogeneity within groups and heterogeneity between groups
(Boyd and Richerson, 1985). In fact, experimental evidence shows that com-
munication and self-regulatory norms explain within-group and between-group
variation in the levels of extraction (Vélez et al., 2006). In terms of open ac-
cess resources, we may think on socially accepted levels of extraction as cultural
traits that may differentiate the successful cases of self-governed management of
resources from cases closer to Hardin’s tragedy of the commons. The frequent
intermediate outcomes between the Nash equilibrium and the socially optimum
decision support the existence of norms regarding the socially accepted levels of
extraction. The existence of this internal equilibrium is discussed by Cárdenas
(2011), who suggested an explanation based in the combined effect of a decrease
in the marginal utility from extraction and other-regarding preferences.

In this study, we analyze if different types of non-binding recommendations
can modify previously established conventions. We implement two different
communication structures, a star and a directed cycle, to identify if the effect
of the recommendation is attributable to its content per se, or if its effect lies
on its potential use for coordination when the message is shared by more than
two participants. The structure is defined by a network establishing who is
connected to whom. We implemented a centralized network, known as a star,
where the recommendation transmitted by the most-connected player is com-
mon knowledge among the participants. We also implemented a symmetric
network, known as a directed cycle, to compare the results from the centralized
network with the case where no single message is delivered to more than one
player. In the latter, each subject receives simultaneously a recommendation
from the player on his left and sends a recommendation to the player on his right.

Levy et al. (2011) reveal that in a public goods game, non-binding contri-
bution suggestions from a leader (e.g. a central node) influence the decisions
from group members in a voluntary contribution mechanism. In particular, a
recommendation from the leader defines the upper bound contribution from the
group, independently if the leader was elected or randomly chosen. Our ex-
perimental design differs from Levy et al. (2011) in two ways: (i) Our CPR
game is derived from a non-linear public good game; and (ii) we allow bilateral
communication, which means that the leaders will also receive recommendations
from their neighbors. According to a recent work (Corazzini et al., 2012), the
influence from a particular node not only depends on its out-degree (the num-
ber nodes that receive its message), but also on its in-degree (the number of
messages received).

Levy et al. (2011) classify the suggestions from the leader as “good” sug-



4.1. INTRODUCTION 63

gestions and “bad” suggestions. They report that, given that contribution sug-
gestions made by leaders are followed, the type of messages transmitted by the
leader determines the level of social welfare reached by the group. In contrast,
if “good” and “bad” recommendations are transmitted as public and exogenous
signals, there are no differences between the types of recommendations. In half
of our treatments, we secretly asked the participant in the central node from the
star (and to a random subject in the directed cycle) to toss a coin that defines if
he will send always a “good” or a “bad” recommendation. In our case, a “good”
message is equivalent to a low level of extraction while a “bad” recommendation
corresponds to a high level of extraction. In this way, we can use exogenous sig-
nals that will be interpreted by the remaining subjects as endogenous decisions.

It is important to clarify that in our research the network provides only a
communication structure, but it does not affect directly the payoffs function.
Studies where the number of neighbors has a direct effect over payoffs reveal
that, for small networks, a star is the most efficient arrangement in a coop-
eration dilemma such as team production (Fatas et al., 2010). However, for
larger network structures the consequences from network’s topology over coop-
eration in public goods remains unclear (Cassar (2007); Suri and Watts (2011)).

The experiments were conducted in June 2012 with artisanal fishermen from
Cispata Bay in the Colombian Atlantic Coast. We were particularly interested
in carrying out this experiment with actual users of a common-pool resource be-
cause of two reasons. First, previous experimental evidence shows that villagers
have a larger response to institutional mechanisms than students, particularly
to face-to-face communication (Cárdenas, 2011). Given the larger effect of com-
munication in the villagers’ case, they are an appropriate pool of subjects to
disentangle the effect of the messages per se from the physical interplay. Sec-
ondly, network structures can be associated to social capital, which is considered
a second best when legal institutions and state organizations are not function-
ing properly (Durlauf and Fafchamps, 2005). In the case of Cispata Bay we can
find both conditions: real users of common-pool resources, with the potential
to improve their self-regulation capacity in order to guarantee the sustainability
of water resources; and a considerable number of established community and
fishermen associations remarking the importance of social capital in this com-
munity (Sánchez and Ulloa-Delgado (2003); Rojas and Sierra-Correa (2010)).

Our most important finding is that the non-binding recommendation from
the central node works as a cheap coordination mechanism, but its effectiveness
depends on the recommendation type. In the case of “good” recommendations
from the leader, the improvement in social welfare by a reduction in aggregate
extraction vanishes over time; while the negative effect from “bad” recommen-
dations transmitted by the central node is maintained in the long-run. For
decentralized “good” recommendations we find permanent decrease in the level
of extraction, while isolated “bad” messages have no effect. In addition, we
find that subjects exogenously assigned to the central node in the star network
reduced their levels of extraction, independently of the recommendation type.

Section 4.2 describes briefly the theoretical model proposed on Cárdenas
(2004) used as baseline. Then, our experimental design is presented as well as
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the characteristics of our study site and the participants. Section 4.3 presents
descriptively and econometrically the results mentioned above, followed by a
discussion of each one of these findings. Finally, Section 4.4 presents our con-
clusions and the suggested policy-implications of our work.

4.2 Experimental and Field Approach

4.2.1 Theoretical model

This game is designed to emulate the social dilemma derived from the joint
extraction of a CPR framed for a fishermen community. There are a total of n
users of the resource that in each round must decide independently their level of
extraction xi. The payoff function is displayed in equation (4.1). The players’
payoff increases with the individual level of extraction according to the direct
(and concave) benefits from his catch, as is shown in the first parenthesis; and
decreases with the group’s aggregate extraction by a reduction in the indirect
benefits from the conservation of the resource, which is the negative externality
captured in the second parenthesis.

πi =

(
axi −

bx2i
2

)
+ β

(
ne−

n∑
i=1

xi

)
(4.1)

In the equation above, the parameters a and b are associated to the benefits
and costs from fishing, e is the endowment of units of effort that may be allo-
cated to the extraction. Then, if players must allocate at least a unit of effort
to fishing, we have that xi ∈ {1, e}. Finally, β measures the benefits received
from the public good, i.e. the benefits from conservation.

In equation (4.2) is displayed the individual best response, corresponding
to the Nash equilibrium level of extraction. This solution is obtained through
the maximization of equation (4.1). Similarly, the social planner’s solution can
be obtained by adding n times equation (4.1) and then maximizing to obtain
the extraction level corresponding to the social optimum, which is displayed in
equation (4.3).

xNashEq
i =

a− β
b

(4.2)

xSocialOpt
i =

a− nβ
b

(4.3)

Following previous works (Cárdenas (2004); Cárdenas (2011)) we set the
parameters as follows: a = 60; b = 5; β = 20; n = 5 and e = 8. Then we
have that xi ∈ {1, 8}, and replacing the parameter values in equations (4.2) and
(4.3) we obtain that the Nash equilibrium is 8 units and the level of individual
extraction socially desirable is negative. However, given that the minimum level
of extraction allowed in the experiment is 1 unit, we will define this value as the
social optimum.
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4.2.2 Experimental design

The experiments were conducted in sessions of five players. Material incentives
were introduced according to the payoff function displayed in Equation 4.1,
emulating the tension between individual and collective benefits. Participants
interacted for fifteen rounds divided in two stages, plus an initial practice round
to check that instructions were understood. In the first stage, which goes from
round 1 to 5, players decide privately their extraction level without any ex-
change of information among them. At the end of each round, the experimenter
announced publicly the group’s total extraction. Having in mind their individ-
ual and the aggregate extraction levels, the participants calculated their round
earnings using a payoffs table identical to Table A.1 (see Appendix A.5 for full
experimental instructions). In case that they need help to calculate their earn-
ings they received assistance from the monitor. This first stage is considered as
our baseline, given that there is no communication between participants. Sum-
marizing, the timing of each round in the first stage goes as follows: (i) Each
participant chooses its level of extraction. (ii) The experimenter collects the
individual decisions and announces publicly the group’s aggregate extraction
and round’s earnings are calculated individually.

In the second stage, which goes from round 6 to round 15, each participant
was allowed to send anonymous recommendations to the players with whom he
was connected according to a network structure exogenously determined. Be-
fore the beginning of round 6 the experimenter announced a new rule in the
game: all the players were able to suggest a level of extraction to their neigh-
bors, which were determined by the network structure shown graphically by the
experimenter. The experimenter presented a poster indicating the nodes and
the connections, guaranteeing that the communication network were common
knowledge but that the player assigned to each node remained as private in-
formation. When cheap talk is based on physical interactions two confounding
mechanisms that may explain the positive effect of communication are acting
simultaneously: the message per se and the interplay with others (Cárdenas
and Ostrom (2004); Sally (1995); Sally (2005)). In this way, the anonymity of
each node was crucial in order to disentangle the effect of the message’s content
from other effects related to face-to-face communication.

The timing of each round in the second stage is as follows: (i) each par-
ticipant writes a number between 1 and 8, corresponding to the units that he
will recommend to his neighbors to extract. In case that he does not want to
send any suggestion, he write “NO” instead of a number. (ii) The experimenter
collects the recommendations and put them in a board designed to show each
message only to the recipient. Players were informed insistently that the re-
ceived messages were non-binding suggestions. (iii) The experimenter delivers,
privately, the recommendations to each node. (iv) Each participant chooses its
level of extraction. (v) The experimenter collects the individual decisions and
announces publicly the group’s aggregate extraction and round’s earnings are
calculated individually.

The network structure and the exogenous recommendation transmitted from
one of the nodes are introduced on a between-subjects basis. We have two dif-
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ferent network structures and three types of exogenous recommendations, for a
total of six different treatment cells (See Table 4.1). The introduction of two
network structures, the star and the directed cycle, allows us to test if the rec-
ommendations transmitted by a central node are more influential than messages
exchanged in a symmetric communication structure. In the star, four players
send only one message, all of them received uniquely by the central node. Si-
multaneously, the central node sends a common message to all of the other
players. In the case of the directed cycle there is no single message with more
than one recipient, given that each player simultaneously receives a message
from the player on his left and sends a message to the player on his right. Apart
from the central node in the star, all the participants send and receive only one
message in both network structures. Then, any difference in the aggregate level
of extraction between these structures will be explained by the fact that the
message sent by the central node is common knowledge and can be used as a
coordination mechanism.

Table 4.1: Experimental Design

High Low
Cycle  Star

cy‐endog cy‐exog8 cy‐exog1

st‐endog st‐exog8 st‐exog1

Exogenous
Recommended Behavior

Endogenous
Network Structure

We have three types of messages that a randomly selected player from each
session (the one assigned to node A) will send during the second stage of the
game. This exogenous variation in the transmitted information allow us to test
if cooperative and non-cooperative recommendations are equally followed ac-
cording to the hierarchy of the transmitter node. In the exogenous treatments
(two thirds of the sessions), the player randomly assigned to node A will toss a
coin that determines if he will send a low extraction (cooperative) recommenda-
tion of 1 unit, or a high extraction (non-cooperative) recommendation of 8 units
for the remaining ten rounds of the game. To guarantee that the other play-
ers did not suspect about the identity of player A, the coin was tossed during
an individual talk with each participant. For the remaining four participants,
this one-to-one conversation was used to verify that the neighbor structure and
the new instructions were understood. Meanwhile, node A received indications
about the recommendation he must write for the following ten rounds, according
to the realization of the tossed coin. For the remaining sessions the participant
in node A chose freely the non-binding suggestions transmitted througout the
second stage. In these endogenous treatment cells, participants in node A were
allowed to change their recommendation every round.
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Exogenous recommendations perceived as endogenous by the remaining play-
ers allow us to explore the differential effect of cooperative and non-cooperative
suggestions from peers. Despite the empirical advantages provided by this ex-
perimental feature, we may consider that a deception problem could appear
simultaneously. Participants in nodes B to E do not know that the remain-
ing player is transmitting preestablished recommmendations, while node A may
perceive the messages he’s transmitting as an external imposition. In the case of
nodes B to E, the potential problems are buffered by the fact that the network
structure does not affect directly the payoff function. Additionally, any feasible
combination of recommendation and extraction levels chosen by an exogenous
node A will be attained also by an endogenous node A, having the same impact
on the remaining participants. In the case of node A, the potential deception
problems are alleviate given that the action set remains unrestricted indepen-
dently of the recommendation transmitted. However, we are aware that the
exogenous recommendations may be perceived as a norm or a law by node A,
modifying his expected behavior.

During the first stage of the game the participants generate a convention,
a socially accepted level of extraction, based on the feedback received at the
end of each round. Non-binding recommendations allow them to elicit their
belief about the level of extraction perceived as acceptable. In the second stage,
our exogenous manipulation of the recommendations transmitted by node A
allow us to test if the previously established norm will shift upwards with the
non-cooperative messages and downwards with the cooperative messages, and
to check the persistence of these effects, especially in the centralized structure.
Sessions where node A will choose endogenously their recommendations will be
useful as benchmark.

In the case of the centralized network, we expect a greater effect from non-
cooperative suggestions than from cooperative suggestions. Assuming a popula-
tion composed by conditional cooperators and selfish players, a high extraction
recommendation will align the effects from both types of players towards a higher
level of extraction, shifting upwards the aggregate catch. On the contrary, a low
extraction recommendation will not align the initial behavior from conditional
cooperators and selfish players. In this case the relative proportion of condi-
tional cooperators and defectors will define if the aggregate level of extraction
can be shifted with a cooperative suggestion from the central node, especially
in the long run when conditional cooperators update their beliefs about the
proportion of defectors in the group. In the directed cycle, we do not expect
any effect from the exogenous recommendations, basically because it will be
received by a single player.

4.2.3 The study site and the participants

Cispata Bay is located in the Caribbean Sea; it belongs to the department
of Córdoba in the northwestern region of Colombia. The zone was declared
District of Integrated Management (DIM) by Colombian environmental author-
ities, with purposes of regulation and conservation of the mangrove ecosystems
in the zone. The population from Cispata Bay is characterized by high poverty
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conditions, with levels above the national and regional average. Their main
economic activities are agriculture, forestry in the mangroves and fishing in the
wetlands. Income from these activities is considered low, in fact, the monthly
average income from fishermen lies below the minimum monthly wage (Rojas
and Sierra-Correa (2010); Sánchez and Ulloa-Delgado (2003)). The DIM is di-
vided into zones of recuperation, conservation and production. Fishermen are
allowed to extract resources in the zones of production, with an extension of
7,756 hectares equivalent to the 26.24% of the total area of the DIM. Sánchez
and Ulloa-Delgado (2003) reported an estimate of 551 fishermen, while Rojas
and Sierra-Correa (2010) reported a hundred more fishermen seven years later
(5.6% of the total population in the DIM). This increase in the population ded-
icated to fishing may be associated with the decrease of nearly 40% in the fish
catchings between 2001 and 2007.

The recognition and acceptation of local leaders in these communities re-
marks the opportunity to transmit the importance of organized communication
through our experiment. Leaders from fishermen associations strongly agree
that their central role consist on keeping a channel between governmental au-
thorities and fishermen. They also agree that the transmission of information
to their associates is more efficient through large meetings jointly organized by
groups of fishermen associations. In addition, when they are asked about the
explanations of a successful association, they consider that the organization and
collective work are the main reasons of success.

In June of 2012 we conducted in Cispata Bay thirty sessions of the exper-
iment, with a total of one hundred and fifty participants. Almost all of the
subjects that took part in the activity were fishermen from the zone (96.7%),
all of them men. Women in these zones participate in this economic activity
preparing the fish caught for sale, but they did not fish. On average, the partici-
pants were 40.7 years old and only 38.3% of them reached a level of study above
elementary school1, 16.7% had not attended school and 28.9% finished elemen-
tary school. In terms of marital status only 18.0% of the participants reported
themselves as married, 56.7% of them report cohabitation without marriage,
21.3% are single and the remaining 4.0% widowed or divorced.

From the 145 fishermen that took part in the activity, the 26.9% were ded-
icated exclusively to fishing. The rest of fishermen combine this task with
other economic activities, principally agriculture (40.7%); but also tourism
(9.7%), mangrove harvesting (8.3%), masonry (8.3%) and motorcycle taxi driv-
ing (7.6%). The fishing technologies most frequently used are drift nets with
45.0% of the participants, followed by handlining (or line-fishing) with a 35.0%
and the cast net with a 27.1%. Less frequent methods are harpoon (8.6%), fish
farming (5.7%) and mollusk and crustacean manual harvesting (2.1%).

As a confirmation of the low income of the fishermen reported in previous
literature (Rojas and Sierra-Correa, 2010), the average income in our sample
corresponds to the 62.6% of the Colombian minimum wage2. In addition, in-

1Ten participants, corresponding to the 6.71%, studied or are studying a technical career.
2Weekly minimum wage calculated using daily minimum wage of 18,890 Colombian pesos
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come differences between full-time fishermen and the remaining participants
that combine fishing with other economic activities are not statistically signif-
icant; suggesting that there are no clear incentives for a modification of the
current economic activities in the zone.

The results reported here include all 150 participants in our experiment,
for a total of 2,250 observations (1,500 of them includes the extraction level
and the transmitted recommendation). Each one of them received privately his
earnings of the activity, which lasts between 140 and 180 minutes. On average
each participant received 25,766 Colombian pesos (14.5 USD) with a standard
deviation of 3,295 Colombian pesos (1.86 USD)3.

4.3 Experimental results

4.3.1 Average individual extraction across treatments

Figure 4.1 summarizes the average individual behavior over time for each one
of the six treatments. The straight line represents the average extraction of the
round in each network for the first stage, i.e., rounds 1 to 5. Average extraction
level for the first five rounds was 4.504 with a standard deviation of 0.080. Table
4.2 summarizes the results of mean comparison tests across all six treatments
cells for the initial stage (before the implementation of the network and the
recommendations). The only differences marginally significant emerge from the
comparisons between the endogenous cycle and the star with non-cooperative
recommendation, and between the two exogenous treatments with the central-
ized network.

In the second stage (rounds 6 to 15) there are three lines indicating average
extraction according to the type of recommendation from node A. The con-
tinuous line corresponds to the endogenous recommendation, the dashed line
to the low extraction recommendation, and the dotted line to the high extrac-
tion recommendation. In these results we have excluded the information of
two experimental sessions. Both cases correspond to sessions in a star network
with endogenous recommendations from the central node, position randomly
assigned to community leaders. In these two sessions, results are systematically
different since the first stage of the game, so we decided to put them apart for
a discussion in subsection 3.4.

Results from our baseline, the first stage, are similar to the previous liter-
ature: the average level of extraction lies between 4 and 5 units of resource
(Cárdenas (2004); Cárdenas (2005); Cárdenas (2011)). This result has been ex-
tensively explained in previous works by the existence of other-regarding prefer-
ences (Bowles, 2003), as well as the presence of social norms and institutional ar-
rangements acting as coordination devices within the commons (Ostrom, 2002).

Players’ behavior in the second stage is affected by the network structure
and the type of recommendation from node A. Firstly, a comparison between

(cop) for 2012.
3Exchange rate 1 USD = 1,776 cop corresponding to July of 2012.
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Table 4.2: Test results for differences in extraction levels across treatments in the
baseline (rounds 1-5)
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Cycle: endogenous 0.000
(1.000)

Cycle: exogenous (1) -0.312 0.000
(0.263) (1.000)

Cycle: exogenous (8) -0.128 0.184 0.000
(0.648) (0.500) (1.000)

Star: endogenous 0.032 0.344 0.160 0.000
(0.922) (0.279) (0.618) (1.000)

Star: exogenous (1) 0.016 0.328 0.144 -0.016 0.000
(0.953) (0.221) (0.594) (0.959) (1.000)

Star: exogenous (8) -0.448* -0.136 -0.320 -0.480 -0.464* 0.000
(0.091) (0.595) (0.216) (0.106) (0.067) (1.000)

p-values in parenthesis. *** p < 0.01, ** p < 0.05, * p < 0.1

Figure 4.1: Individual average extraction across treatments

both panels shows that when players are connected by a star, exogenous recom-
mendations have an initial greater effect over the subjects’ level of extraction
than in the case when players are symmetrically connected. In the central-
ized structure the effect of the exogenous recommendations, cooperative and
non-cooperative, decay over time; while in the directed cycle the effects of
cooperative recommendations persist over time. In the symmetric structure,
non-cooperative suggestions do not have an effect in comparison to the case of
endogenous recommendations.
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Secondly, non-binding recommendations help reducing the aggregate extrac-
tion in early periods of the stage. In five of our six treatment cells the aggre-
gate extraction in round 6 lies below the extraction in the previous round, the
last one without any kind of communication. The exception was the case of
non-cooperative recommendations transmitted by the central node, where the
average extraction increased about 2 units in round 6.

Thirdly, high extraction and low extraction recommendations from a central
node generate different effects in the dynamic aggregate behavior. On the one
hand, non-cooperative recommendations shift upwards permanently the average
level of extraction, with pronounced fluctuations at the beginning of the pro-
cess . These fluctuations obey to the following process: When group extraction
rises, the average payoff decreases and players react in the following round, de-
creasing their level of extraction. However, the high extraction recommendation
from the central node works as a coordination mechanism and players increase
again their level of extraction, completing this cycle. Participants’ adjustment
is smaller after each fluctuation, but at the end of the second stage the average
level of extraction remains at a higher level than in the baseline.

On the other hand, cooperative recommendations shift downwards the av-
erage level of extraction, but only temporarily. At the beginning of the second
stage group extraction decreases, causing an increase in the marginal utility of
extraction. Players most easily tempted by the larger earnings of an extra unit
caught start increasing their extraction again. When the cooperative recom-
mendation is no longer credible, conditional cooperators start increasing their
extraction level too. At the end of the second stage, the average level of extrac-
tion returns to the baseline’s level.

We propose a regression to test econometrically the differences between com-
munication structures and types of recommendations using equation (4.4). In
this equation xijt is the extraction of player i from group j in period t; Stari is
a dichotomous variable indicating the network structure (1 for a star and 0 for
a cycle), R1i and R8i correspond to the treatments with exogenous recommen-
dations, transmitted by node A, of 1 unit and 8 units respectively. The variable
Roundi corresponds to the period of the extraction. (x−i)t−1 represents the
average extraction of the rest of the group in the previous period. We intro-
duce group and individual fixed effects in the model, represented in the terms
γ′Xj and φ′Xi respectively, to deal with unobservable characteristics inherent
to players or to a specific session.

xijt = β0 + β1Starj + β2R1j + β3R8j + β4Star ·R1j

+ β5Star ·R8j + β6Roundjt + β7Round · Star ·R1jt

+ β8Round · Star ·R8jt + β9(x−i)ij,t−1 + γ′Xj + φ′Xi + εijt (4.4)

Results from the estimations are reported in Table 4.3. Models (1) to (3)
correspond to the estimation including all five nodes of each session, while in
models (4) to (6) node A is excluded from the sample. The participant assigned
to node A is different from the others, his incentives might be altered by the
exogenous message transmitted. In this sense, a subsample excluding him will
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Table 4.3: OLS results: Individual level of extraction

VARIABLES All nodes included Node A excluded
(1) (2) (3) (4) (5) (6)

Star 0.175 -1.426*** -2.988*** -0.0613 -2.206*** -2.997***
(0.253) (0.452) (0.780) (0.290) (0.494) (0.789)

Low recommendation (1) -0.543** -2.962*** -0.717 -0.810*** -3.620*** -0.761
(0.219) (0.463) (0.790) (0.246) (0.506) (0.802)

High recommendation (8) 0.0355 0.471 -0.788 -0.208 0.666 -0.781
(0.211) (0.448) (0.780) (0.233) (0.491) (0.789)

Star·Low recommendation (1) -0.717 2.402*** 3.054*** -0.0601 3.365*** 2.954**
(0.540) (0.741) (1.143) (0.623) (0.810) (1.165)

Star·High recommendation (8) 0.159 1.826** 6.782*** 0.487 2.085** 6.635***
(0.503) (0.742) (1.141) (0.573) (0.812) (1.163)

Round 0.00844 0.000362 0.00923 0.0118 0.00262 0.0117
(0.0318) (0.0289) (0.0225) (0.0351) (0.0317) (0.0255)

Round·Star·Low recommendation (1) 0.141** 0.266*** 0.128*** 0.151* 0.274*** 0.153***
(0.0712) (0.0634) (0.0496) (0.0821) (0.0695) (0.0560)

Round·Star·High recommendation (8) 0.0728 0.0801 0.0721 0.0974 0.107 0.0975*
(0.0641) (0.0620) (0.0483) (0.0728) (0.0680) (0.0546)

Others’ Average Lagged Extraction -0.0363 -0.687*** 0.0277 0.0153 -0.629*** 0.00756
(0.0579) (0.0678) (0.0581) (0.0653) (0.0755) (0.0660)

Constant 4.432*** 7.774*** 4.258*** 4.209*** 7.706*** 4.339***
(0.342) (0.482) (0.633) (0.388) (0.531) (0.660)

Group Fixed Effects No Yes Yes No Yes Yes
Individual Fixed Effects No No Yes No No Yes
Observations 1,260 1,260 1,260 1,008 1,008 1,008
R-squared 0.037 0.194 0.556 0.052 0.249 0.557
Robust standard errors in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1

provide a cleaner test for the differences according to recommendation types.

Model (1) corresponds to the OLS estimation with robust standard errors.
In absence of individual and group effects we do not observe the effects from
the network structures, and the explanatory power lies on the response to the
lagged aggregate extraction from the rest of the group. In model (2) we include
group fixed effects, capturing the differences in average extraction caused by
the exogenous cooperative recommendation in both networks. In the central-
ized structure the average extraction is 1.42 units lower than in the symmetric
one. Although the interaction between the star variable and the exogenous co-
operative recommendation is positive and significant (+2.402), the net effect of
the sum of coefficients β1, β2 and β4 is negative and significant (-1.986, p−value
0.001). In addition, β5 is positive and significant (+1.826), but summing β1,
β3 and β5 we find no effect of the non-cooperative centralized recommendations.

Now we focus on model (3), where we include individual and group fixed
effects. When players are connected by a central node, the average level of
extraction is reduced by 2.98 units. The interacted variables Star · R1 and
Star · R8 show that cooperative and non-cooperative messages cause an in-
crease in average extraction of 3.05 units and 6.78 units respectively. One more
time, we want to interpret the net effect of the star network and the exogenous
recommendations summing their coefficients, including interactions. For coop-
erative messages, we find a non-significant overall effect of -0.65 units (p−value
0.437); while for non-cooperative recommendations the overall effect is 3.01 units
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(p− value 0.000).

The low extraction recommendation reduces average extraction when we con-
trol only for group fixed effects, but once we introduce individual fixed effects
this result is no longer statistically significant. Conversely, the high extraction
recommendation does not have an effect controlling only for group fixed effects;
but with the introduction of individual fixed effects, it generates a statistically
significant increase in average extraction.

Let us consider model (2) as the case with the “most benevolent” results:
cooperative suggestions decrease average extraction and the non-cooperative
messages have no effect. Unobserved characteristics from particular individuals,
such as the propensity to cooperate by altruism or reciprocity, or their propen-
sity to trust in cooperative messages, are driving the positive effects from low
extraction recommendations. In model (3)these unobserved characteristics re-
lated to other-regarding preferences are captured separately by the individual
fixed effects, leading us to a “less benevolent” interpretation of results: cooper-
ative recommendations do not have any effect, while non-cooperative messages
increase considerably the average extraction. Concluding, the positive effects
from low extraction recommendations strongly depend on the types of players
interacting, where a higher share of conditional cooperators favors a better so-
cial outcome.

Another pattern from Figure 4.1 confirmed econometrically is the decreasing
effect from the cooperative suggestion in the asymmetric network. According to
the triple interaction captured in β7 on model (3), the average level of extraction
increases 0.128 units after each round, indicating the decreasing effect from the
low extraction recommendation over time. In addition, the effect of cooperative
recommendations in the directed cycle depends on the type of the receiver, as
suggested by the loss of significance of β2 switching from model (2) to (3).

Coefficients in models (4) to (6) are very similar to the coefficients in models
(1) to (3) respectively. Moreover, all the variables statistically significant in
the first three regressions remain significant when we exclude node A from the
regression. Comparing models (3) and (6), the most robust regressions, we find
the only variable that becomes slightly significant (after being non-significant
in the initial regression). The triple interaction between the star network, the
non-cooperative recommendation and the round suggests that in the centralized
structure with the high recommendation, the extraction level increases 0.0975
units each round. In general, estimation results when excluding node A from
the sample suggest that the effect of the communication structure and the type
of recommendation are not driven exclusively by this participant. However, as
we will see in Subsection 4.3.3, the additional instructions received by player in
node A modify his behavior.

As an additional robustness check, we estimate the models presented in Ta-
ble 4.3 introducing left and right censoring of our dependent variable using a
Tobit model. Given that our action set is given by xi ∈ 1, 2, . . . , 8, one may
think that cooperative decisions are limited by the minimum extraction level
allowed, i.e., we have a left censoring at 1 unit. Conversely, selfish decisions
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are bounded at the maximum level of individual extraction, corresponding to
a right censoring at 8 units. Estimation results are shown in Table A.2 in the
Appendix. Although significance levels did not change with respect to the stan-
dard OLS regressions, coefficients are larger (in magnitude) in the two-sided
censored model. This increase in the size of the effects suggests that individual
decisions were constrained at the corners of the extraction set.

4.3.2 Coordination and signaling via recommendations

In the second stage of the game, from round 6 to 15, participants had the
chance to send a non-binding recommendation to the players with whom they
were connected according to the network structure. The message was delivered
privately and anonymously, and in two thirds of the conducted sessions the
participant located in node A was randomly selected to transmit an exogenous
recommendation. In Figure 4.2 are displayed the number of times that each one
of these messages was transmitted during the ten rounds. Besides, is also listed
the number of times that a player did not send a recommendation. The dark-
est bar corresponds to the endogenous recommendations, while the lightest bar
corresponds to exogenous recommendations. In the four panels with exogenous
recommendations the size of this bar is the same. It corresponds to five players
transmitting the same recommendation for ten rounds.

Figure 4.2: Histogram of sent recommendations by treatment

For the analysis of the delivered messages let us define as baseline the endoge-
nous cycle. In this treatment cell, low extraction messages are more frequent
than high extraction messages (58% of the recommendations lie between 1 and
4 units). Besides, we observe that the fraction of messages decreases monoton-
ically from 2 to 7. A first comparison with the endogenous star show us that
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the presence of a central node is correlated with an increase in the amount of
cooperative messages (73% of the recommendations lie distribution between 1
and 4 units). A comparsion between the cycle and the star also shows that play-
ers refusals to send a message appear in the centralized structure: 27 out of 29
cases where a player did not want to send a recommendation correspond to the
star network, half of them in presence of the exogenous high recommendation.

We also observe that the exogenous transmission of cooperative messages (1
unit) promotes low extraction recommendations in both network structures. In
the cycle, cooperative messages close to the social optimum (2-3) increase con-
siderably. However, the social optimum is recommended in the same proportion
as in the baseline. In the star we observe a large number of messages corre-
sponding to the social optimum, while high extraction levels are not promoted.
On the other hand, we find that the exogenous transmission of non-cooperative
messages (8 units) reduce the number of these messages recommended by the
remaining nodes. In the cycle the reduction of messages with 8 units are com-
pensated by an increase of cooperative messagees (2-3 units), while in the star
they are substituted by messages with intermediate levels of extraction (4-5).

The transmitted non-binding recommendation may have two different pur-
poses: (i) Send a signal of the extraction level that the player will choose, and by
consequence the extraction level that he will take as acceptable from his neigh-
bor(s); and (ii) try to induce a lower level of extraction in his neighbor(s) to
increase the marginal utility of extraction, raising individual earnings even with-
out modifying the level of extraction. Case (i) implies individual’s coherence,
while case (ii) implies selfish rationality. This taxonomy of recommendations
combined with the posterior action allow us to consider four different player
types: If a player is coherent but irrational (recommends and extracts low) is
a cooperator. If a player is coherent and rational (recommends and extract
high) is a lie-averse Nash player. If a player is incoherent but rational (rec-
ommends low and extract high) is a predator Nash player. Finally, if a player
is incoherent and irrational (recommends high and extracts low) the player is
inconsistent with his recommendations and actions, or simply he did not under-
stand the game.

In figure 4.3 is displayed a scatterplot of individual extraction versus the sent
recommendation with all th observations4. This plot is divided in four quad-
rants according to the previous definition of player types: cooperator, lie-averse,
predator and inconsistent. Low levels of extraction and recommendation goes
from 1 to 4 units, while high levels of extraction and recommendations goes from
5 to 8 units. Exogenous messages were excluded from the plot. We can easily
check that the largest proportion of observations are located at the bottom-
left quadrant, corresponding to cooperators; and is followed by predators and
lie-averse players. Finally, the smallest fraction of observations matches our
“inconsistency” classification.

As we observe in Table 4.4, inconsistent decisions correspond to the 15.4% of

4Levels of extraction were slightly perturbed in order to observe the mass located at each
of the 64 points. Otherwise, we will observe a 8 × 8 grid



76 CHAPTER 4. COMMUNICATION NETWORKS IN CPR GAMES

Figure 4.3: Player types according to the recommendation and extraction

Table 4.4: Player types by network structure

Cycle Star
Inconsistent (upper-left) 15.38% 9.54%
Lie averse (upper-right) 18.77% 20.15%

Cooperator (bottom-left) 47.23% 46.00%
Predator (bottom-right) 18.62% 24.31%

Unit of observation is player per round

total observations in the cycle network and 9.5% in the star network. However,
analyzing inconsistent decisions in terms of players instead of observations the
results are quite different. 57% of the participants took at least a decision cat-
egorized as inconsistent. 23.1% of them did it once, 19.2% of them did it twice,
13.8% of them did it between 3 and 6 times, and we have only one player (the re-
maining 0.7% of the sample) that send a high recommendation and opt for a low
extraction during the whole ten rounds. Thus, the vast majority of inconsistent
responses seems to be associated to isolated mistakes. An alternative expla-
nation for these observations is that the recommendation affect the receiver’s
decision by reducing his extraction, despite his original intention to extract high.

Now we will focus on the difference between the suggested extraction and
the following action, i.e., the individual’s coherence. For players sending an en-
dogenous message, the difference between his extraction and suggestion follows
a distribution centered at zero as shown in Figure 4.4). In the case of the di-
rected cycle, the distribution is symmetric around zero; in the star network, the
distribution has a fatter right tail. Positive differences between the extraction
and the transmitted recommendation can be explained by the intensity of the
two strategies just mentioned. However, we cannot explain negative differences
between the extraction and the previously sent message. The left side of the
distribution, where a player recommends a higher level of extraction than its
following choice, is evidence in favor of players reacting to the received sug-
gestions. In addition, a comparison between the continuous and the dashed
lines from both panels reveals that endogenous recommendations are frequently
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used to announce the participant’s own choice, while suggestions exogenously
assigned are less followed by the sender.

Figure 4.4: Distribution of differences between extraction and sent recommendation

The distribution for the asymmetric network, depicted by the continuous
line on the right panel, indicates that participants extract more than what they
recommend when their suggestion is received by a central node. This observa-
tion is consistent for all treatment cells as is shown in Figure 4.5, where the
average difference between the extraction and the transmitted recommendation
is higher for the star network. This difference is, on average, 0.58 units higher
(and statistically significant at 99%) for the star network. Participants located
in node A were excluded from the figure and the calculations given that, by con-
struction, these differences will be higher for those players sending exogenous
recommendations. Our hypothesis to explain higher differences in the star than
in the cycle is that participants react more when the recommendation received
is above the recommendation transmitted than in the opposite case.

Figure 4.5: Difference between extraction and transmitted recommendation across
treatments (node A is excluded).

Let’s think about four different types of behaviors according to the value
of the difference between extraction and recommendation: On the left side of
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the distribution we have players that initially suggest a high level of extraction,
but receive a cooperative recommendation and then decide to cooperate. At
the center of the distribution we have players that send a suggestion announc-
ing their future extraction, and do not react to the received recommendation
(alternatively, the transmitted and received suggestions match). On the right
hand side of the distribution we have two different player types: Participants
that initially suggest a cooperative level of extraction, but receive as suggestion
a high level of extraction and then decide to raise their extraction; and par-
ticipants that try to induce a low level of extraction to take advantage of the
expected increase in the marginal utility from extraction.

We propose the econometric model shown in equation (4.5) to test if the
listed behaviors explain the distribution of values for the difference between
extraction and recommendation. The treatment cells with exogenous recom-
mendations from node A give us an exogenous variation in the received sugges-
tion, so we can test if the received messages explain why players deviate from
their sent recommendation. We run two separate regressions to be able to iden-
tify the different behaviors. Firstly, a regression with the observations where
(x − r)ijt < 0 to check that players choose a lower level of extraction than its
previous recommendation when they receive a cooperative suggestion, especially
if it comes from a central node. Secondly, a regression with the observations
where (x−r)ijt > 0, to check the effect of both cooperative and non-cooperative
suggestions. To test the presence of selfish strategies we will check if coopera-
tive suggestions increase the value of (x − r)ijt. In the same way, we will test
if participants are reacting to non-cooperative recommendations by checking a
positive effect of the high extraction suggestions in the value of (x− r)ijt.

(x− r)ijt = β0 + β1Starj + β2R1j + β3R8j + β4Star ·R1j + β5Star ·R8j

+ β6Roundjt + β7(x−i)ij,t−1 + γ′Xj + φ′Xiεijt (4.5)

Estimation results are reported in Table 4.5. Using estimations (1) and (2),
where we restrict the sample to the observations such that (x − r)ijt < 0, we
find a significant and negative effect of β4 when controlling only for group fixed
effects, but it disappears once we introduce also individual fixed effects. This
result indicates that there are participants initially suggesting a high level of
extraction that, once receive a cooperative suggestion from a central node, de-
cide to extract on average 1.64 units less than the message initially transmitted.
The loss of significance of this effect indicates that it is driven by a specific
type of participants and cannot be attributed to the communication structure
per se. Surprisingly, we found that the effect from centralized non-cooperative
suggestions is also negative and significant, even when we control for individual
fixed effects. Our best explanation for this result is that once players receive
the high extraction recommendation, and knowing that this message is common
knowledge, they learned from previous experience that the resource will collapse
and then they decide to extract a lower level than their initial suggestion.

Results from estimations (3) and (4), where we restrict the sample to the ob-
servations such that (x− r)ijt > 0, show that increases in the value of (x− r)ijt
are explained by the player’s reaction to high extraction recommendations re-
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Table 4.5: OLS results: Difference between extraction and recommendation

Extraction−Recommendation (x− r) < 0 (x− r) > 0
(1) (2) (3) (4)

Star 1.717*** 2.052*** -0.431 -2.753**
(0.426) (0.676) (0.475) (1.367)

Low recommendation (1) 1.055** 1.341* -0.986 -0.427
(0.415) (0.719) (0.743) (1.388)

High recommendation (8) 0.834 1.375 -0.201 -1.806*
(0.547) (1.010) (0.447) (1.060)

Star*Low recommendation (1) -1.635*** -1.641 0.788 2.575
(0.611) (1.068) (0.935) (1.900)

Star*High recommendation (8) -2.080*** -2.743** 0.902 4.552***
(0.791) (1.335) (0.648) (1.571)

Round -0.0552** -0.0409 0.0856*** 0.0863***
(0.0237) (0.0248) (0.0241) (0.0239)

Avg. Lagged Extraction from Others 0.158** 0.120 -0.283*** -0.0437
(0.0790) (0.0835) (0.0730) (0.0786)

Constant -3.176*** -3.559*** 3.192*** 3.011***
(0.544) (0.684) (0.523) (0.964)

Group Fixed Effects Yes Yes Yes Yes
Individual Fixed Effects No Yes No Yes
Observations 395 395 562 562
R-squared 0.193 0.421 0.152 0.380
Robust standard errors in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1

ceived from a central node. The interaction between the star network and the
non-cooperative recommendation increases the difference between the extraction
and the sent suggestion in 4.52 units. In addition, the non-significant coefficients
from the low recommendation and its interaction with the star network indicate
the absence of selfish behaviors where, after sending and receiving a cooperative
recommendation, the player takes advantage of cooperative intentions from the
others to increase individual earnings. In fact, 53.72% of individuals that ex-
tracted 8units have sent recommendations of at least 5 units in the same period,
and the half of them sent a recommendation of 8 units; suggesting that a large
fraction of high extractors consider socially accepted to maintain these levels of
extraction. Another finding from estimations (3) and (4) is that the value of
(x − r)ijt increases after each round. This result suggests that the exchanged
recommendations lose their credibility, and the reciprocal response is to try to
influence the decision of their neighbors without following its own recommen-
dation.

Finally, a consistent result between models (2) and (4) is that in asymmet-
ric networks with an endogenous message from the central node, the difference
between extraction and sent recommendation is reduced at least two units com-
pared to the case of a symetric structure. An explanation for this behavior is
that centralized endogenous recommendations correspond to intermediate levels
of extraction, closer to the messages from the rest of the group, giving advan-
tages to the utilisation of non-binding suggestions as signals of future extraction.
The contrast of the effects of endogenous and exogenous recommendations from
the key node is also remarked by the opposed signs of coefficients from the star
and its interaction with the exogenous messages in all the estimations.
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Figure 4.6: Distribution of extraction of participants in node A

4.3.3 The effect of an exogenous endowment of hierarchy

In four of our six treatment cells the player randomly assigned to node A was
told to toss a coin and, according to its outcome, he will send during the next
ten rounds a cooperative (extract 1 unit) or a non-cooperative (extract 8 units)
recommendation to his neighbors. In half of the sessions the node A belongs
to the directed cycle, hence, his recommendation will have a symmetric effect
with the endogenous messages transmitted by the remaining participants. In
the other half of sessions the recommendation from node A will be received
by all the players, turning this message in a potential coordination mechanism,
and giving to the central node a hierarchy in the communication structure that
can be used for individual or common good. This advantageous position may
represent an opportunity to increase the individual benefits, combining cooper-
ative recommendations and high extractions; but also represents an opportunity
to take advantage of the message as a coordination mechanism to enhance the
group’s benefits.

We find that participants randomly assigned to node A extract less resource
when they belong to a star than to a directed cycle, independently of the type
of transmitted message. Figure 4.6 shows the distribution of the extraction for
all the players in the node A after the allocation of nodes, i.e. during the second
stage of the experiment. Each panel corresponds to a recommendation type,
the continuous line belongs to participants in the directed cycle and the dashed
one to the participants in the star. In all three panels, the central nodes’ dis-
tribution of extraction is shifted to the left, indicating that the allocation of a
hierarchical position triggers the individual’s other-regarding preferences.

We propose the model shown in equation (4.6) to test econometrically the
differences in node A’s extraction across network structures. We run this regres-
sion with the choices of participants located in node A during both stages of the
game. We introduce the Stage2 variable to capture behavioral differences once
are introduced the recommendations. We will be able to test econometrically
the result in Figure 4.6 if the interaction coefficient between Star and Stage2
is negative and significant, indicating that in fact players randomly allocated in
a central position in their group starts behaving more cooperatively.
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Table 4.6: OLS results: Level of extraction of node A

Extraction of node A (1) (2) (3) (4)
Star -0.890 -0.806 -1.291* -1.292*

(0.637) (0.657) (0.687) (0.703)
Low recommendation (1) 0.730 0.765 0.770 0.762

(0.617) (0.633) (0.719) (0.737)
High recommendation (8) 0.412 0.416 0.786 0.787

(0.594) (0.609) (0.688) (0.704)
Star*Low recommendation (1) -0.419 -0.441 -0.963 -0.956

(0.847) (0.868) (0.990) (1.014)
Star*High recommendation (8) 0.339 0.323 -0.0204 -0.0181

(0.844) (0.865) (0.973) (0.996)
Stage 2 (Rounds 6 to 15) 0.296 0.325

(0.331) (0.345)
Star*Stage 2 -0.816** -0.929***

(0.330) (0.353)
Constant 3.849*** 3.761*** 4.250*** 4.318***

(0.648) (0.673) (0.752) (0.777)

Excluded Sessions No Yes No Yes
Observations 450 420 300 280
R-squared 0.476 0.445 0.556 0.533
Included controls: Round, average lagged extraction from the rest of the group and
individual fixed effects.
Robust standard errors in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1

xijt = β0+β1Starj +β2R1j +β3R8j +β4Star ·R1j +β5Star ·R8j +β6Stage2t

+ β7Star · Stage2jt + β8Roundt + β9(x−i)ij,t−1 + φ′Xi + εijt (4.6)

According to Table 4.6 when the participant is assigned to the central node
his extraction decreases, on average, 0.82 units. These results also indicate
that, given that the coefficient of Star is insignificant, there are no preexist-
ing differences between participants randomly assigned to node A for the two
communication structures. Besides, if we exclude from our sample the sessions
previously omitted from the analysis as described in subsection 3.1, the aver-
age reduction in extraction is now of 0.93 units and its significance also increases.

We estimate a similar model excluding the observations from first stage of
the game,to check the appearance of any other behavior in the second stage.
Columns (3) and (4) in Table 4.6 correspond to these estimations, where we
predict a negative and significant effect of the Star coefficient. Results of our
last two estimations indicate a reduction in individual extraction of 1.29 units
explained by the allocation of the player to the central node in the network.
These results are robust to the introduction of individual fixed effects. In all
the estimations the different types of recommendation are statistically insignifi-
cant, pointing out that the change of behavior of the central node is independent
of the transmitted message.
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4.3.4 Community Leaders in the Experimental Setting

Two of the thirty sessions conducted were excluded from the analysis because
the aggregate behavior was systematically different since the beginning of the
experiment. Both sessions shared the particularity that one of the participants
in each one of these session was a community leader and also the head of a fish-
ermen association. In fact, both of them were randomly assigned to the central
node in sessions with endogenous messages from this hierarchical position. But,
as we will discuss in the following paragraph, their position in the network is ir-
relevant given that the aggregate behavior was systematically different from the
baseline. From a total one hundred and fifty participants, seven of them were
actually leaders from fishermen associations. Besides, two out of seven were
also recognized by their participation in their Community Action Committees.
Figure 4.7 shows the aggregate extraction over time in three different cases: (i)
sessions without presence of leaders, (ii) sessions with the presence of the head
of a fishermen association, and (iii) sessions where the head of the fishermen
association is also recognized by its political activity in the community. We
find no differences between groups (i) and (ii), while in the category (iii) the
presence of a politically active leader reduces significantly the average level of
extraction.

Figure 4.7: Differences on avg. extraction when a leader is the central node

Our best explanation for this result is that community leaders induce a more
cooperative behavior in the rest of participants from their session, reflecting the
strong influence of natural leaders in these communities. Besides, given that the
differences behavior appear since the first five rounds of the game, we can dis-
card the alternative explanation that anonymity was violated in these sessions.
Independently of the leader’s network position, participants in this session start
behaving more cooperatively than in the rest of sessions by the mere presence of
the community leader. This behavior might be driven by the preexistence of a
social norm, inducing “shame-aversion” among community members by the fear
of being exposed as greedy in front of their leader. A competing explanation
is that members of local communities with stronger and more visible leaders
behave more cooperatively outside the experimental setting and they just bring
that behavior into the game.

Results from the last two subsections are supporting evidence, in two differ-
ent ways, of the importance of central nodes in social structures. The results
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from this and the previous subsection represent supporting evidence of the im-
portance of central nodes in social structures in two different ways. On the one
hand, the exogenous allocation of a central role in the network structure induces
a more cooperative behavior in the selected participant. On the other hand, the
presence of actual community leaders in a session induce a more cooperative
behavior in the rest of players, even when they do not have information about
the positions in the communication structure.

4.4 Concluding remarks and policy implications

The main result of this work is that communication structures are determinant
in the provision of cheap coordination signals that are able to modify, at least
temporarily, the conventions defining the levels of extraction accepted as a so-
cial norm. We modified the experimental design proposed by Cárdenas (2004),
aiming to recreate the social dilemma derived from the extraction of a common-
pool resource. Instead of face-to-face cheap talk, we introduce anonymous non-
binding recommendations transmitted through a network structure that deter-
mines who send messages to whom. Exogenous variations in the transmitted
recommendations from a specific node of the network allow us to test the differ-
ences between cooperative suggestions, corresponding to low levels of extraction
to increase the positive externalities of conservation; and non-cooperative sug-
gestions, corresponding to high levels of extraction.

When players know that the message received is common knowledge, i.e.
when players are connected by a central node, non-cooperative recommenda-
tions increase permanently the average level of individual extraction; while co-
operative recommendations have an early positive impact that disappears over
time and the group goes back to the average level of extraction from the stage
without communication. We argue that for non-cooperative suggestions trans-
mitted by a central node, the incentives of conditional cooperators and selfish
players are aligned towards an increase in extraction since the beginning of
the stage with messages exchange. However, in the case of central cooperative
suggestions the incentives of conditional cooperators are initially directed to a
reduction of individual extraction; while the incentives of selfish players are still
directed towards high levels of extraction. Once reciprocal responses from the
conditional cooperators are triggered the average level of individual extraction
starts increasing, reaching the average level of extraction before communication.

The introduction of individual fixed effects in our regression weakens the ef-
fects of cooperative suggestions and strengthens the effects of the non-cooperative
messages. These changes in our results remark the role of conditional cooper-
ators in the properly utilization of coordination mechanisms that enhances the
social welfare, but also remarks the potential impact of negative suggestions
that may lead to “bad” social outcomes. In the worst case scenario, cooperative
suggestions are ineffective in the long-run, leaving the average level of extraction
at its original level; while the negative effect of non-cooperative recommenda-
tions will persist in the long run, deteriorating the social welfare. In the case of
the directed cycle, we find a reduction in the average level of extraction when
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the exogenous node sends a cooperative suggestion, even controlling for session
fixed effects; in addition, we do not find any effect of the non-cooperative sug-
gestion. However, the effect of the cooperative suggestion disappears when we
also introduce individual fixed effects. Once again, this loss of significance in-
dicates that the effect is driven by particular characteristics from who receives
the cooperative suggestion.

The difference between the participant’s level of extraction and its previously
transmitted recommendation follows a symmetric distribution around zero, giv-
ing us some lessons about the utilization of this mechanism of anonymous com-
munication. Firstly, participants are announcing their future intention with
their transmitted message. Deviations from this behavior are explained by the
reception of centralized messages distant to their initial suggestion. Secondly,
we do not observe a considerable number of participants trying to maximize the
difference between their choice and their previous suggestion. In one of each four
cases where the participant chose an extraction of 8 units, his recommendation
was also of 8 units. This result suggests that participants might be trapped in
local maxima defined by their social norms concerning the accepted levels of
extraction. Thirdly, the effectiveness of exchanged recommendations as coordi-
nation signals is deteriorated over time. The distance between the extraction
and the suggestion increases after each round, decreasing the value of these mes-
sages as honest signals of future choices. In the design of incentives to preserve
the resource, policymakers should have in mind that communities characterized
by high levels of extraction do not necessarily act from a selfish perspective. It
is possible that members of the community are following a social norm derived
from a local best-response, neglecting that a less extractive behavior may lead
to an increase of social welfare.

In this work we also analyze the importance of community leaders from two
different angles. On the one hand, we show that an exogenous allocation of hi-
erarchy triggers the cooperative behavior of the participant randomly assigned
to the central node in the asymmetric network, who reduces its average level
of extraction. On the other hand, when actual community leaders participate
in an experimental session the whole group adopts a more cooperative behav-
ior, even before communication is allowed. The first result shows that there
are inherent characteristics to the central position that increases the intensity
of other-regarding preferences from individuals located in these privileged posi-
tions. The second result points out the positive influence of community leaders
reaching a better social outcome, even before the introduction of the non-binding
recommendations.

To conclude, environmental authorities must recognize the role of community
leaders and the heads of fishermen associations in the provision of cheap coordi-
nation signals that might be determinant in a successful promulgation of more
sustainable strategies and technologies. In communities where the state’s insti-
tutional mechanisms are perceived as distant, individuals recognize their leaders
as their legitimate interlocutors with governmental authorities. The task of the
external authorities must be more focused on the identification of economic mi-
crosystems ruled by suboptimal social norms, followed by an approach to visible
members of the communities to propose the alternative strategies of economic
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activity. Finally, for a successful and permanent change in behavior, these au-
thorities must provide alternatives to enforce the individuals more reluctant to
adopt more sustainable strategies, because the community has very clear that
when adopting a cooperative strategy they are increasing the benefits from the
ones who are behaving selfishly.
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Chapter 5

What We Have Learned

Cooperation is perhaps one of the most common problems among the different
behavioral disciplines, and each one of them regularly contributes with some
pieces to solve the big puzzle. In the same way that biologists contributed
with the understanding of multi-level selection processes and the trade-offs be-
tween individual and group benefits, or anthropologists contributed with the
comprehension of the interplay between culture and preferences, leading to a
transformation of cooperative behaviors, economists have contributed with a
better understanding of individual incentives and coordination failures leading
to the design of egoistic-proof rules targetting a better social outcome. In this
work we have tried to take some of these pieces to describe how they look to-
gether, in an effort to contribute with a couple of pixels for the high resolution
picture of cooperation.

Our analytic strategy was mainly based on the design and conduction of a
laboratory and an artifactual field experiment, but we also included theoretical
tools from an evolutionary approach. We explore initially if asymmetries in
the perception of potential inequality affect cooperation, i.e., if the difference
between the benefits of taking advantage of a cooperator and the costs of being
taken advantage of by a defector affects differently the likelihood to cooper-
ate. In this part of the work, our main finding is that individuals’ likelihood
to cooperate decreases more by the fear of being exploited than by the extra
benefits of becoming an exploiter. In the second part of this work we explore
if non-binding recommendations transmitted among the participants have an
effect over individual behavior according to the type of suggestion, cooperative
or non-cooperative, and the communication structure, centralized or symmetric.
Our main finding from this part of the work is that centralized communication
structures have a larger effect than the symmetric ones because messages from
a central node are often interpreted as coordination mechanisms. Besides, in
the asymmetric network the cooperative suggestions have a temporary positive
effect over the social welfare, while non-cooperative suggestions have a perma-
nent negative effect.

Let us come back to the social dilemma of the two farmers and the irrigation
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channel from Chapter 21 to analyze the theoretical and empirical implications
of inequality in cooperation dilemmas. In one-shot interactions, equivalent to
a couple of farmers highly impatient or considering that this will be the only
interaction with his neighbor by any reason, the suboptimality condition pre-
dicts that self-interested agents will opt for defection, i.e., leaving their gates
open simultaneously. We will have the same prediction independently of the
cooperation dilemma faced. The CUG game is represented by a crop with in-
creasing returns of water, creating a tradeoff between efficiency (allocation of
all the irrigated water into a single farm) and equality. We will refer to this sit-
uation as the greed inducing crop or the over irrigated crop. The CUF game is
represented by a crop in which a minimum amount of irrigated water is required
for each area of the crop, otherwise, the harvest of this hectare will be lost. We
will refer to this crop as the fear inducing crop or the minimum irrigation crop.

However, empirical data from our lab experiment show us that fear and
greed dimensions play an important role in the individual decision to cooper-
ate. Although our experimental design from Chapter 3 does not include one-shot
treatment cells, we can interpret the results of the initial round in the random
matching protocol as a one-shot game. Following this assumption, we find that
the average level of cooperation is higher in a Prisoner’s Dilemma than in the
CUF and CUG games in the first round of the game. Variations in the “motiva-
tional pressures” to defect will generate variations in the individual’s prior beliefs
about his opponent’s probability to cooperate. Therefore, our first lesson is that
we will be able to do more accurate predictions of the agents’ strategic behavior
in cooperation dilemmas if instead of assuming a homogeneous population of
pure selfish individuals, we consider their coexistence with conditional cooper-
ators. The consideration of reciprocal players is not new (Fehr and Schmidt
(1999); Fischbacher et al. (2001); Bowles (2003)), our contribution is that fear
and greed affect directly the beliefs about their opponent’s strategy. The payoffs
differences in the asymmetric outcomes allow us to identify how the perception
of potential inequality is incorporated in the likelihood to face a cooperator, and
the following individual best response according to the degree of reciprocity.

Experimental results show us that in dilemmas with significant levels of fear
the rate of cooperation decreases faster than in dilemmas with equivalent levels
of greed; and end up, after ten interactions, in a (statistically significant) lower
level of average cooperation. In the CUF game the largest incentives to defect
are associated with the expectation of the opponent’s defection, while in a CUG
game we associate the motivational pressure of defection to the expectation of
the opponent’s cooperation. Having said this, our second lesson is that indi-
viduals’ likelihood to defect increases more by the fear of being exploited than
by the extra benefits of becoming an exploiter. In random matching protocols
the effect is directly observed. Expectations of facing a cooperator decrease
over time and players respond by increasing their likelihood to defect. We can
consider the repeated random matching game as a sequence of one-shot in-
teractions, where players update their beliefs about the type of the following

1A couple of farmers share an irrigation channel used to harvest the same type of crop in
plots of the same size. The irrigation channel will provide a total amount of water 2W . If
both farmers open their gates at the same time each farmer will receive an amount of water
W , but the water pressure won’t be enough to irrigate the whole crop.
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opponent based on their previous experiences, confirming the importance of
conditional cooperators in our comprehension of individual behavior. In fixed
matching protocols, this behavioral asymmetry in the CUF and CUG games is
not directly observed. We do not find statistical differences in the participants’
behavior in these two games, but we found that when participants are facing
the CUF dilemma a precedent of cooperation from their opponent has a larger
positive effect than in the CUG dilemma. Facing the same player during the
whole experiment introduces reputational effects and threats of retaliation, and
they result particularly important in the reduction of the fear of being exploited.

In our farmers’ dilemma is plausible to think that dynamic interactions are
better described by a fixed matching protocol than by a random matching pro-
tocol. According to our experimental results, we will expect similar levels of
cooperation for the crops inducing fear or greed, the minimum irrigation crop
and the over irrigated crop respectively, but trust and early cooperation will be
more determinant in the establishment of an optimal solution for farmers har-
vesting the former than the latter. If we consider a random matching interplay,
more akin to impersonal relationships between farmers interacting occasionally
lacking of enforcement and reputational mechanisms, we should have in general
greater concerns with the outcome for farmers harvesting crops inducing fear
or greed, particularly in the former case. Our theoretical findings from Chap-
ter 2 show that considering random interactions we will end up in populations
of farmers leaving their gates open, trapped in the coordination failure induced
by the pursue of individual material incentives. However, we also show that
the introduction of a redistributive transfer may alter this socially undesirable
equilibrium.

The dynamics of a cooperation dilemma in presence of a redistributive tax
will depend on the relative magnitudes of the dimensions of greed and fear.
If the former is larger than the latter, the unique equilibrium will correspond
to the coexistence of defectors and cooperators. Incentives to keep cooperating
will be driven by the monetary transfer received in case of facing a defector.
In the opposite case, when fear is larger than greed we will have two equi-
libria, full defection or full cooperation. The achieved equilibrium will depend
on the initial proportion of cooperators with respect to the proportion of de-
fectors. The redistributive transfer alters the incentives for a player expecting
opponent’s cooperation, but the path dependency indicates that the probability
of facing a cooperator must be large enough, i.e., a considerable proportion of
cooperators in the whole population. A natural step of further research is the
empirical validation of the stability of cooperation in presence of a redistributive
tax. The introduction of exogenously imposed and endogenously chosen levels of
taxes would be useful to explore their effects over the rates of cooperation in the
long-run under random matching protocols. In the latter case, the elicitation
of desired higher levels of taxes will reveal conditional cooperative behaviors,
because these redistributional transfers can be considered as a costless ex−ante
threat of punishment for defectors.

Farmers dedicated to harvest the over irrigated crop, and considering the
appropriation of all the irrigated water, will have incentives to support a redis-
tributive transfer to compensate farmers accepting to keep their gates closed
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under the threat of end up in the mutual defection outcome. We may find an
equilibrium where the compensation offered is better than the earnings of leaving
the gates open, allowing for the coexistence of cooperative and non-cooperative
farmers. On the other hand, farmers dedicated to harvest the minimum irri-
gation crop will support the redistributive tax only if they consider that the
fraction of farmers willing to establish and comply a cooperative agreement is
larger than the fraction of farmers not interested in these kind of agreements.
They will set the redistributive tax as a threat to the selfish farmers to re-
duce their benefits of deviating from the cooperative agreement, making more
interesting for them the cooperative option. In other words, farmers are not
considering that the benefits from a transfer are enough to cover they losses,
but they consider that setting the redistributive tax is a credible threat to pre-
vent deviations from mutual cooperation.

What will happen if both farmers switch from a crop inducing high levels
of inequality to a crop where the inequality level associated to asymmetric out-
comes is less severe? We know, by the existence of conditional cooperation,
that this reduction in the potential inequality will increase the likelihood that
a particular farmer cooperates. But does it means that an equivalent increase
in the distance between farmers’ earnings in the asymmetric outcome will have
the same (but opposed) effect in the probability of cooperation? Our third les-
son, based on our empirical results, is that this is not the case. In fact, we
find that switching to a less unequal cooperation dilemma has a greater effect
in the likelihood to cooperate than equivalent increases in the potential level of
inequality. Our explanation combines the restart effect in experimental public
goods provision (Andreoni, 1988) with reference dependent preferences (Kószegi
and Rabin (2006);Kószegi and Rabin (2007)). We know that when an individual
switches from an experimental stage to another, i.e. when they switch between
cooperation dilemmas, he tries to settle a more cooperative norm. The addi-
tional effect that we have found is that passing from a CUG or a CUF game
to a standard Prisoner’s Dilemma, participants overweigh the probability of
cooperation from their opponent compared to the opposite switch. As a conse-
quence, interactions between conditional cooperators are more likely to end up
in cooperation, increasing the average level of cooperation. If we connect this
result to our farmers’ cooperation dilemma we may think that, if institutional
or technological conditions are not enough to avoid the suboptimality condition,
mechanisms to reduce the perception of the inequality level can be considered a
second best in order to increase the average level of cooperation and the social
welfare.

Let us consider the efficient intertemporal solution of the CUG dilemma for
the particular case in which participants can alternate coordinately between co-
operation and defection to maximize the present value of their future earnings.
We found that the coordinate alternation strategy is not very likely to appear
for short periods of interactions (10 rounds), but the likelihood that individuals
try to alternate increases as the number of interactions increases (30 rounds).
In addition, we have observed that all the efforts to alternate between coopera-
tion and defection come from participants who are currently following a mutual
defection strategy. In other words, we observe a status quo bias favoring the
persistence of mutual cooperation, even if coordinate alternation may lead to a
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payoff improvement for both players. Therefore, our fourth lesson is that the
emergence of the alternating cooperation strategy -which is socially desirable
given that it yields a larger social pie than mutual cooperation- is conditioned
on the relationship between the costs of trying to establish this strategy and
the expected benefits, captured in the time horizon of the game and the strat-
egy currently played. Having said this, it is important to highlight that in
the experimental sessions with 30 rounds only half of the participants try to
alternate coordinately for at least four rounds, and only 38.5% of them succes-
fully established this strategy for at least half of the rounds. Further research
should explore the differences in establishing the alternating cooperation strat-
egy between finitely and infinitely repeated games, as well as the effects of the
provision of public coordination signals.

What will happen if three more farmers arrive and the total amount of wa-
ter for irrigation remains at the same level? Even worst, what if leaving all five
gates simultaneously open reduces the water pressure to the point that part of
the water is lost before it irrigates the whole crop? In this scenario, all the
farmers will be better off if they are able to set cooperative agreements in which
all farmers take turns to maintain only one gate open. However, the incentives
of the farmers to leave their gates open increase with the number of gates cur-
rently closed. A participant might get more water and with a greater pressure
by deviating from the cooperative agreement. But if all of them follow the same
behavior, they will leave their gates open and will be able to irrigate only a
small fraction of the whole plot. This is only a different version of Hardin’s
“Tragedy of the Commons” Hardin (1968).

In Chapter 4 we have analyzed how the the centrality of communication
structures, and the exchanged messages through these different structures, af-
fect the outcome of the social dilemma derived from the joint utilization of a
common-pool resource. Our fifth lesson is that non-binding suggestions have a
greater impact when the content of the message is public information among
the commons. In other words, centralized non-binding suggestions constitute
a cheaper and effective coordination mechanism. Previous findings have shown
the importance of communication in both laboratory and artifactual field ex-
periments, but it results particularly important in the latter (Ostrom, 2006).
Our contribution lies on the disentangling of the content of the message perse
by blocking other aspects of communication such as the effect of being face-to-
face and the constant number of receivers of every message. The non-binding
suggestions were exchanged in a written way to control exogenously the number
of receivers of each message and to preserve the anonymity of the sender of each
message. This feature of our experiment also allow us to control exogenously
the message transmitted by a particular node, allowing us to induce coopera-
tive and non-cooperative recommendations that will be interpreted by the other
participants as endogenously chosen suggestions.

We propose two different network structures. Firstly, an asymmetric struc-
ture known as a star network, where all nodes were uniquely connected to a
central node with whom they exchange the suggestions bilaterally. Secondly, a
symmetric structure used as our counterfactual, which is known as a directed
cycle. In the directed cycle node A sends a message to node B, who simulta-
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neously sends a message to node C. This procedure continues until last player,
node E, sends a message to node A. Thus, we have a network with a message
that is public information and a different one in which all messages are received
by a single node. Our findings are strongly dependent on the network type. In
the symmetric network we found a reduction in the average level of cooperation,
but it is not statistically significant when we control for individual fixed effects.
In other words, the particular characteristics of some recipients of the coopera-
tive suggestions are driving the differential effect in this treatment. Therefore,
we are not able to conclude that independent low extraction suggestions will
have a positive effect on aggregate extraction, because it strongly depends on
the type of receiver.

In the asymmetric network aggregate behavior is strongly dependent of the
suggestion transmitted by the central node, where conditional cooperators play
a leading role in the dynamics of extraction induced by the communication net-
work. When the central node sends a non-cooperative suggestion (the extraction
level corresponding to the Nash Equilibrium) the incentives of conditional co-
operators and selfish players are aligned towards higher levels of extraction. As
a consequence, the average level of extraction in the long-run is shifted upwards
compared to the baseline. On the opposite case, when the central node sends
a cooperative suggestion (the extraction level corresponding to the Social Opti-
mum) the incentives of conditional cooperators and selfish players are initially
opposed, but once reciprocity is triggered their incentives became aligned. Con-
ditional cooperators receive a low extraction suggestion and reduce their level of
extraction. However, given the nature of the common good, the marginal util-
ity of extraction increases considerably and the most selfish players are tempted
to deviate from the cooperative behavior. Once conditional cooperators detect
increases in the aggregate extraction they respond in the same direction. Al-
though low extraction recommendations have an initial positive effect over social
welfare, it is lost in the long-run and the system goes back to the original level
of extraction.

In terms of our irrigation problem with more than two farmers, we predict
that in absence of institutional arrangements and communication structures
they will be able to reach an intermediate outcome between the Nash equiib-
rium and the social optimum. If one of them becomes highly known by the
others, his centrality will be determinant in the provision of recommendations
or elicitation of future actions that turn into public coordination mechanisms.
For example, if he announces “I will leave my gates open nearly the whole day”
the rest of farmers will react to this message by following the same action, lead-
ing them to an inefficient outcome. On the other hand, if this public figure
among the farmers is promoting cooperative agreements with announces such
as “We will be better off if we open our gates by turns and not simultaneously”
we will expect an initial improvement in farmers’ welfare, but the presence of
selfish behaviors will block the effect of these cooperative suggestions in the
long-run. Therefore, the challenge lies on the farmers’ capacity of promoting
the non-binding agreements accompanied by credible threats to defectors, as
well as avoiding the concentration of influence in individuals promoting nega-
tive behaviors.



93

Existing literature reports that individuals, in absence of institutional mech-
anisms, maintain an intermediate level of extraction between the Social Opti-
mum and the Nash equilibrium (Cárdenas, 2011). If this behavior corresponds
to an endogenously generated social norm, we will expect that the endogenously
chosen recommendations correspond to intermediate levels of extraction too.
We find that the difference between the selected level of extraction and the rec-
ommendation previously transmitted is simmetrically distributed around zero,
indicating that endogenously chosen suggestions are usually signaling individ-
uals’ future intentions. Neither self-interested motivations nor other-regarding
preferences focused on reaching the socially optimal outcome provide satisfying
explanations for the existence of endogenous recommendations differing from
the lower level of extraction. Even if their motivations will be opposed, both
types of players would send the same cooperative recommendation. Thus, the
existent recommendations reveal that when players are signaling their future
intentions they are also revealing the level of extraction that they consider as
acceptable. Otherwise, we would not expect suggestions to extract intermedi-
ate and high levels of extraction that are indeed followed by the proposer itself.
Deviations to this behavior usually correspond to suggestions received from a
central node that are distant to the transmitted recommendation, while individ-
uals systematically suggesting levels of extraction below their following choice
are very unfrequent. Therefore, our sixth lesson is that the non-binding rec-
ommendations are used to signal future intentions, not to try to induce a lower
level of extraction in the neighbor to take advantage of it. The main implication
of this result is that individuals extracting above the socially optimal level of
extraction are not characterized by purely selfish preferences, they might be po-
sitioned on a locally optimal level of extraction based on a rationality differing
from the Nash equilibrium assumptions.

Communication structures, described by graph networks, may result deter-
minant in small communities lacking of formal institutions presence. If this is
the case, social capital turns into a second best and the central nodes, i.e. the
community leaders, acquire a leading role in the establishment of behaviors and
norms. We explored in depth the role of the central nodes in our experimen-
tal sessions, finding that participants randomly assigned to this key position in
the network start behaving more cooperatively than during the baseline rounds
independently of the type of recommendation transmitted. This result is par-
ticularly interesting if we take into account that even participants instructed to
transmit a non-cooperative suggestion started behaving more cooperatively. We
propose as complementary explanations an effect of the exogenous “leadership
endowment” that induces social responsibilities along with an “experimenter
effect”, where the participant may feel that experimenter’s attention is now fo-
cused on him and, consequently, he must behave differently. Further research
may include an in-depth exploration of the “leadership endowment” effect by
analyzing if the central node perceives the recommendation he must transmit as
a “law” imposed on him by the experimenter. If this effect is validated, it will be
plausible to think about conservation programs where individuals are randomly
selected to transmit cooperative recommendations and better extraction prac-
tices. In addition, we find anecdotical evidence that in experimental sessions
including a community leader among the participants, the whole group behaves
systematically different (more cooperatively) since the beginning of the experi-
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ment. Hence, our seventh and last lesson is that leadership plays a determinant
role in the solution of social dilemmas. On the one hand, the responsibilities
derived from the hierarchical position of a leader triggers prosocial preferences,
even when he knows that the remaining participants are aware that this central
position is randomly assigned and the identity of the leader will not be revealed.
Furthermore, the cooperative behavior induced in the central node is even more
salient if we take into account that he should take advantage of his privileged
position to induce cooperation among the other participants just to increase his
private benefits. On the other hand, when a community leader makes part of
an experimental session, his mere presence induces a more cooperative behavior
in the remaining participants.

As a concluding remark, this dissertation explored theoretically and exper-
imentally how the perceptions of potential inequality and the introduction of
public coordination mechanisms are relevant in our understanding on human be-
havior towards cooperation in different social dilemmas. Paradoxically, replac-
ing the hyperrational and individualistic assumptions by a behavioral approach
of heterogeneous agents characterized by cognitive biases and other-regarding
preferences constitutes the current challenge in our comprehension of the com-
plexity of human cooperation.
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Appendix

A.1 Establishing alternating cooperation in in-
finitely repeated games

We start by calculating the present value of the intertemporal payoff for the
two alternating strategies, which differ in the initial movement. The payoffs
πalt
D0 and πalt

C0 correspond to the strategies starting the alternation by defecting
and cooperating respectively. In the former case we have:

πalt
D0

= T + δS + δ2T + δ3S + . . .

πalt
D0

=

∞∑
t=1

(
δ2t−2T + δ2t−1S

)
πalt
D0

=
T + δS

1− δ2
(A.1)

And with a similar procedure we find the payoff for the latter case:

πalt
C0

=
S + δT

1− δ2
(A.2)

Hence, the expected payoff from the alternating cooperation strategy depends
on the probability α that a player assigns to start defecting and the probability
(1− α) to start cooperating. Thus, we obtain equation (2.9):

E(πalt) = α

(
T + δS

1− δ2

)
+ (1− α)

(
S + δT

1− δ2

)

A.2 Generous tit-for-tat in the CUF dilemma

To prove that in expression (2.11) q is always (R − P )/(T − P ) we start by
stating that the first argument in the minimum function is greater than the
second argument

1− T −R
R− S

>
R− P
T − P
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Substracting a unit on both sides we obtain

R− T
R− S

>
R− T
T − P

And multiplying by 1/(R− T ) we have

1

R− S
<

1

T − P
R+ P > T + S (A.3)

Remember that in a CUF game the condition 2P > T + S must hold. And
from the suboptimality condition we know that R + P > 2P . If we combine
both conditions we have R+ P > 2P > T + S, that can be simplified to obtain
the same expression in (A.3).

A.3 Translated experimental instructions for a
within subjects and fixed matching treat-
ment cell

The following figures correspond to screenshots of the experimental environment
using the z-Tree interface. In Figure A.1 is displayed the initial interface where
all the instructions are available to be read individually while the experimenter
read them out loud. Figure A.2 describes the instructions to take the decision in
the practice rounds, while Figure A.3 explains the interface with decisions and
earnings, displayed after each round. Finally, Figure A.4 and Figure A.5 present
the interface to take the decision in a particular round, and the subsequent
revelation of decisions and payoffs.

A.4 Questions to construct the political attitudes
variable

The following seven questions were adapted from “The Political Compass” web-
page (http://www.politicalcompass.org/) to determine the political preferences
of the participants in the experiment.

1. If economic globalization is inevitable, it should primarily serve humanity
rather than the interests of trans–national corporations

2. Controlling inflation is more important than controlling unemployment

3. “from each according to his ability, to each according to his need” is a
fundamentally good idea

4. It is regrettable that many personal fortunes are made by people who
simply manipulate money and contribute nothing to their society

5. The freer the market, the freer the people
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Figure A.1: Experimental instructions

Figure A.2: Experimental instructions: Practice round
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Figure A.3: Experimental instructions: Practice round earnings

Figure A.4: Decision in a particular round
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Figure A.5: Earnings from a particular round

6. What’s good for the most successful corporations is always, ultimately,
good for all of us

7. Making peace with the establishment is an important aspect of maturity

A.5 Experimental instructions

The following instructions were presented in Spanish to the players. These
instructions were read to the participants from the script below by the same
person during all sessions. The participants could interrupt and ask questions
at any time. Whenever the following type of text and font e.g. [. . .MONITOR:
distribute PAYOFFS TABLE to participants. . .] is found below, it refers to
specific instructions to the monitor at that specific point.

Instructions
Greetings. We want to thank everyone here for attending the call, and specially thank
to the (local organization that helped in the logistics) who made this possible. We will
spend about two hours between explaining the exercise, playing it and finishing with
a short survey at the exit. So, let us get started.
The following exercise is a different and entertaining way of participating actively in a
project about the economic decisions of individuals. Besides participating in the exer-
cise, and being able to earn some cash, you will participate in a community workshop
next Monday (date and time of the meeting) to discuss the exercise and other matters
about natural resources. Once the game finishes, we will ask you some information
about you and your community, and then we will give you what you earn during the



100 CHAPTER A. APPENDIX

game. The funds to cover these expenditures have been donated by the Latin Ameri-
can and Caribbean Environmental Economics Program.

Introduction
It is very important that while we explain the rules of the game you do not engage in
conversations with other people in your group. This exercise attempts to recreate a
situation where a group of families must make decisions about how to use the resources
of, for instance, the sea, a mangrove, a fishery, or any other case where communities
use a natural resource. In the case of this community, an example would be the ex-
traction of (name of a fish usually caught in the community) in the (name of an actual
local commons area in that village) zone. You have been selected to participate in
a group of five people among those that signed up for playing. The game in which
you will participate now is different from the ones others have already played in this
community, thus, the comments that you may have heard from others do not apply
necessarily to this game. You will play for several rounds equivalent, for instance, to
fishing trips. At the end of the game you will receive your earnings in cash according
to the amount of money you accumulate during the exercise. Your earnings will be
approximated to the closest multiple of $1,000 [. . .MONITOR: Give a couple of
examples of how to approximate the game earnings. . .]

The PAYOFFS TABLE
We call this game THE FISH MARKET given the similarity between the PAY-
OFFS TABLE and the mechanism that assigns the price of the fish based on the
aggregated catch. [. . .MONITOR: Explain that when fish is abundant the price de-
creases and the earnings per unit caught are reduced. Analogously, explain that when
fish is scarce its price increases. After this elemental explanation, ask to participants
what will happen with the earnings of a hypothetical player with low extraction when
the rest of the group has high levels of extraction. Similarly, ask to participants about
the inverse case. . .] If we have understood the payoffs in each round, now we can
introduce the PAYOFFS TABLE.

To be able to play you will receive a PAYOFFS TABLE equal to the one shown
in the poster. [. . .MONITOR: show PAYOFFS TABLE in poster and distribute
PAYOFFS TABLES to participants. . .] This table contains all the information
that you need to make your decision in each round of the game as we will see now.
The numbers that are inside the table correspond to the money that you would earn
in each round.
To play in each round you must write your decision number between 1 and 8 in the
yellow GAME CARD like the one I am about to show you. [. . .MONITOR: show
GAME CARDS and show in the poster. . .] When you choose your desired level of
extraction, you are selecting the column of the PAYOFFS TABLE corresponding to
the earnings of the round. It is very important that we keep in mind that the decisions
are absolutely individual, that is, that the numbers we write in the GAME CARD
are private and that we do not have to show them to the rest of members of the group
if we do not want to.
The monitor will collect the 5 GAME CARDS from all participants, and will add
the total units of extraction that the group decided to allocate. The difference be-
tween the total extraction of the group and your individual extraction will indicate the
row in the PAYOFFS TABLE to calculate your round earnings. Please remember,
your level of extraction indicates the column and the level of extraction of the rest of
the group indicates the row in the PAYOFFS TABLE. With this information, the
monitor will help calculate the points that you earned in the round, and you will write
your earnings in the DECISION FORM.
In this game we assume that each player extract as maximum of 8 units of a resource
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Table A.1: Payoffs table

1 2 3 4 5 6 7 8

4 2273 2370 2453 2520 2573 2610 2633 2640

5 2213 2310 2393 2460 2513 2550 2573 2580

6 2153 2250 2333 2400 2453 2490 2513 2520

7 2093 2190 2273 2340 2393 2430 2453 2460

8 2033 2130 2213 2280 2333 2370 2393 2400

9 1973 2070 2153 2220 2273 2310 2333 2340

10 1913 2010 2093 2160 2213 2250 2273 2280

11 1853 1950 2033 2100 2153 2190 2213 2220

12 1793 1890 1973 2040 2093 2130 2153 2160

13 1733 1830 1913 1980 2033 2070 2093 2100

14 1673 1770 1853 1920 1973 2010 2033 2040

15 1613 1710 1793 1860 1913 1950 1973 1980

16 1553 1650 1733 1800 1853 1890 1913 1920

17 1493 1590 1673 1740 1793 1830 1853 1860

18 1433 1530 1613 1680 1733 1770 1793 1800

19 1373 1470 1553 1620 1673 1710 1733 1740

20 1313 1410 1493 1560 1613 1650 1673 1680

21 1253 1350 1433 1500 1553 1590 1613 1620

22 1193 1290 1373 1440 1493 1530 1553 1560

23 1133 1230 1313 1380 1433 1470 1493 1500

24 1073 1170 1253 1320 1373 1410 1433 1440

25 1013 1110 1193 1260 1313 1350 1373 1380

26 953 1050 1133 1200 1253 1290 1313 1320

27 893 990 1073 1140 1193 1230 1253 1260

28 833 930 1013 1080 1133 1170 1193 1200

29 773 870 953 1020 1073 1110 1133 1140

30 713 810 893 960 1013 1050 1073 1080

31 653 750 833 900 953 990 1013 1020

32 593 690 773 840 893 930 953 960
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like fish or oysters. In reality this number could be larger or smaller but for purposes of
our game we will assume 8 as maximum. In the PAYOFFS TABLE this corresponds
to the columns from 1 to 8. Each of you must decide from 1 to 8 in each round and,
given that you only will know your own decision, the monitor will announce publicly
the group’s total extraction. With this information you will be able to calculate your
earnings using the PAYOFFS TABLE. If you need help the monitor will calculate
your payoff in each round. Let us explain again with some examples. Suppose you
decide to extract 2 units and the monitor announces that the group extracted 22 units.
Your earnings correspond to the cell in the second column where the rest of the group
extracted 20 units. Let us look at other examples in the poster [. . .MONITOR: show
an example with each player. Then, show more examples where participants explain
to others how they calculate their earnings].

The DECISIONS FORM (First Stage Rounds 1 to 5)
To play each participant will receive one green DECISIONS FORM like the one
shown in the poster in the wall. We will explain how to use this sheet. [. . .MONI-
TOR: show the DECISIONS FORM in the poster and distribute the DECISIONS
FORMS. . .]. With the same examples, let us see how to use this DECISIONS
FORM. Now, suppose that you decided to play 2 units in this round. In the yellow
GAME CARD you should write 2. Also you must write this number in the second
column of the decisions form. The monitor will collect the 5 yellow cards, will add and
will inform the total of the group. In this example were extracted 22 units. He will
help you complete the last two columns of the DECISION FORM with the average
extraction from the other players and your period earnings.
It is very important to clarify that nobody, except for the monitor, will be able to
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know the number that each of you decides in each round. The only thing announced
in public is the group total, without knowing how each participant in your group
played. It is important to repeat that your game decisions and earnings information is
private. Nobody in your group or outside of it will be able to know how many points
you earned or your decisions during rounds. If at this moment you have any question
about how to earn points in the game, please raise your hand and let us know. [. .
.MONITOR: pause to resolve questions. . .] If there are no further questions about
the game, then we will assign the numbers for the players and the rest of forms needed
to play.

Preparing for playing
Now write down your player number and name in the DECISIONS FORM. Write
also the current date and time. Now we will summarize for you the steps to follow
to play in each round. Please raise your hand if you have a question. [MONITOR:
Summarize the steps to follow in each round. . .]
We will start with a practice round to test that the activity instructions have been
understood. The earnings from the practice round will NOT be included in the total
earnings of the game. After practicing the game in this initial round we will play for
15 rounds for cash. Once we complete the 5th round we will make a pause to give you
a new DECISIONS FORM and to introduce a new rule in the activity. To start
the first round of the game we will organize the seats and desks to guarantee that your
decisions and earnings information are private. Finally, to get ready to play the game,
please let us know if you have difficulties reading or writing numbers. If so, one of the
monitors will sit next to you and assist you with these. Also, please keep in mind that
from now on there should be no conversation nor should statements be made by you
during the game, unless you are allowed to. We can start now with the practice round,
whose earnings will NOT count toward your real earnings, they are just for practicing
the game.
Given that we have understood how the activity works, now we can proceed to sign
the INFORMED CONSENTMENT that will be read now [. . .MONITOR: Read
the INFORMED CONSENTMENT and verify that all participants sign it. . .]

The DECISIONS FORM (Second Stage Rounds 6 to 15)
We have completed round 5 and, as we announced at the beginning of the exercise,
we will introduce a new rule. From now on you can send RECOMMENDATIONS
with the level of extraction desired from other players, a number between 1 and 8.
The number of participants that will receive your message will depend on your loca-
tion in the NEIGHBORS STRUCTURE shown in the poster. [. . . MONITOR:
show the poster with the NEIGHBORS STRUCTURE. . .] In this structure each
one of you is represented by one of the white circles labeled with the corresponding
player number. These numbers will allow you to determine your location and your
connections to other participants. Each one of the lines corresponds to a connection
between two players. The number of lines will indicate the number of connections of
each one of you.
Remember that you will not be able to know the player number of the rest of players
before, during or after the conclusion of the game. This means that sent and received
RECOMMENDATIONS will remain anonymous. To confirm that you have un-
derstood the NEIGHBORS STRUCTURE the monitor will ask you about the
connections of a particular circle [. . .MONITOR: Use the poster to ask for the neigh-
bors of a couple o nodes. . .]
Now you will receive the new DECISIONS FORM like the one shown in the poster.
[. . . MONITOR: show the poster with the DECISIONS FORM and distribute the
DECISIONS FORM to participants. . .] This new form includes an extra column.
Let’s see how to use it according to the new rule of the game. At the beginning of each
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round, and only if you want, you can write in the second column the UNITS OF
EXTRACTION that you recommend to your neighbors. In case that you’d rather
not send any recommendation you should write “NO” in the second column. The
monitor will collect all the recommendations and he will show privately to each one of
you the RECOMMENDATIONS received using the MESSAGE EXCHANGING
BOARD. [. . . MONITOR: show the MESSAGE EXCHANGING BOARD. .
.] You will be able to decide your EXTRACTION LEVEL only after the monitor
show you the RECOMMENDATIONS sent to you.
It is important to clarify that sending or receiving a particular RECOMMENDA-
TION does not imply any kind of commitment from you or from any other participant.
You’re not obligated to follow the sent or received RECOMMENDATION; hence,
if you want you can extract a different level from this RECOMMENDATION.
The rest of the DECISIONS FORM will be completed as in the first part of the
game. You will write your LEVEL OF EXTRACTION in the third column and
in the GAME CARD. The monitor will collect the five GAME CARDS and will
announce the total extraction of the group. Finally, the monitor will help you com-
plete the last two columns of the DECISIONS FORM with the extraction of the
rest of the group and your earnings of the round.
Remember that your decisions and earnings information are private, and not even
your neighbors according to the NEIGHBORS STRUCTURE will access this in-
formation. The new rule of the game introduces a preliminary step in each round
to exchange RECOMMENDATIONS according to the NEIGHBORS STRUC-
TURE. After this step each round will be similar to the first stage of the activity.
Please remember that you’re not obligated to send a RECOMMENDATION, and
that these messages do not affect directly your earnings. If at this moment you have
any question about how to earn points in the game, please raise your hand and let us
know. [. . .MONITOR: pause to resolve questions. . .]
Now write down your player number and name in the new DECISIONS FORM.
Now we will summarize for you the steps to follow to play in each round. Please raise
your hand if you have a question. [MONITOR: Summarize the steps to follow in each
round. . .] We will play with the new rule for another ten rounds.

Flipping a coin to determine the exogenous RECOMMENDATION

(Player A only)

You have been selected to play a special role in this game: your sent RECOMMEN-

DATION will be determined by a coin toss. You will toss this coin. If the coin lies

by this side (heads) you will send during the next 10 rounds a RECOMMENDA-

TION to extract 1 UNIT. If the coin lies by this side (tails) you will send during

the next 10 rounds a RECOMMENDATION to extract 8 UNITS. Please have in

mind that the coin indicates the RECOMMENDATION that you must send, but

you can choose freely your desired level of extraction. Please take into account that

NOBODY BUT YOU knows that you were selected to play this role in the game.

Only you know that your sent RECOMMENDATION will be determined by the

COIN FLIPPING.

If you don’t have any question please flip the coin I’ve just gave you to determine your

RECOMMENDATION to the other players. [. . . MONITOR: Give the coin to

the participant, observe the outcome and confirm that the player’s RECOMMEN-

DATIONprocedure is clear. . .]
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A.6 Additional Tables

Table A.2: Tobit results: Individual level of extraction

VARIABLES All nodes included Node A excluded
(1) (2) (3) (4) (5) (6)

Star 0.279 -1.818*** -3.875*** -0.0211 -2.749*** -3.900***
(0.331) (0.589) (1.003) (0.376) (0.649) (1.023)

Low recommendation (1) -0.645** -3.793*** -0.717 -0.982*** -4.693*** -0.750
(0.290) (0.612) (0.958) (0.329) (0.678) (0.981)

High recommendation (8) 0.0999 0.645 -0.698 -0.204 0.894 -0.690
(0.286) (0.579) (0.934) (0.324) (0.639) (0.952)

Star·Low recommendation -1.191* 2.991*** 3.704*** -0.381 4.274*** 3.532**
(0.700) (0.974) (1.431) (0.799) (1.079) (1.474)

Star·High recommendation 0.101 2.461** 10.11*** 0.542 2.870*** 10.02***
(0.691) (0.967) (1.636) (0.786) (1.068) (1.679)

Round 0.00937 -0.000496 0.00974 0.0131 0.000858 0.0130
(0.0414) (0.0378) (0.0279) (0.0470) (0.0417) (0.0317)

Round·Star·Low recommendation (1) 0.199** 0.355*** 0.185*** 0.215** 0.365*** 0.223***
(0.0908) (0.0838) (0.0625) (0.103) (0.0926) (0.0720)

Round·Star·High recommendation (8) 0.0931 0.0962 0.0863 0.122 0.126 0.115*
(0.0891) (0.0812) (0.0594) (0.102) (0.0899) (0.0681)

Others’ Average Lagged Extraction -0.0559 -0.895*** 0.0439 0.0148 -0.822*** 0.0291
(0.0761) (0.0900) (0.0723) (0.0877) (0.101) (0.0829)

Constant 4.509*** 8.748*** 4.083*** 4.196*** 8.618*** 4.131***
(0.457) (0.630) (0.771) (0.524) (0.699) (0.813)

Group Fixed Effects No Yes Yes No Yes Yes
Individual Fixed Effects No No Yes No No Yes
Observations 1,260 1,260 1,260 1,008 1,008 1,008
Robust standard errors in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1
Model censored at 1 extraction unit as lower limit and 8 extraction units as upper limit
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Dal Bó, P. 2005. Cooperation under the shadow of the future: Experimental
evidence from infinitely repeated games. American Economic Review, 95 (5),
1591–1604.
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Kószegi, B., Rabin, M. 2006. A model of reference-dependent preferences. Quar-
terly Journal of Economics, CXXI, 1133–1165.
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