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Game theory, laboratory experiments, and field experiments
are common and powerful tools in many social sciences
[1]. However, applications in Sociology and Political Science
remain scarce and scattered [2]. Yet, the combination of game
theory with controlled experiments provides a powerful tool
to better understand social and political processes, for example, [3–5]. The mathematical structure offered by game theory
and the control offered by an experimental environment
allow the researcher to isolate sociological and/or political
phenomena to study their development and their effects.
The relationship between game theory and experiments is
twofold. On the one hand, game theory provides solid ground
on which to design an experiment and a formal benchmark
that serves as a measuring rod for a structured analysis
of observed behavior. On the other hand, experiments can
be used to test equilibrium predictions and to pinpoint
shortcomings of theory as well as point to directions in which
the theory can be adapted.
The aim of the special issue is to encourage original
research that seeks to study sociological or political phenomena using laboratory experiments that are based on game theoretical benchmarks and that seek mathematical modeling

of game theoretical arguments to inspire experiments in the
fields of Sociology and Political Science, and vice versa.
In a research article of the special issue, G. Bravo et al.
experimentally study whether intermediaries can positively
influence cooperation between a trustor and a trustee in
an investment or trust game. Another article by L. A.
Palacio et al. develops a game theoretical foundation for
experimental investigations of the strategic role in games with
nonbinding communication. In another article, L. Corazzini
and M. Tyszler employ quantal response equilibrium (QRE)
to find out the extent of confusion and efficiency motives
of laboratory participants in their decisions to contribute to
public good. The article by S. A. Tulman utilizes QRE (i.e.,
noisy decision-making) and altruism-motivated players to
investigate the “paradox of voter turnout” in a participation
game experiment. Finally, in another article, B. Kittel et al.
present a laboratory study in which they examine the role
of the middle class on income distribution within the framework of a contest game.
We hope that the selection of articles in this special issue
will help to inspire scholars in Sociology and Political Science
to add mathematics to their tool box and adopt game theory
and experimentation in their research methodology.
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Received 1 December 2014; Revised 27 March 2015; Accepted 28 March 2015
Academic Editor: Jens Großer
Copyright © 2015 Luis A. Palacio et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
This paper studies the conditions that improve bargaining power using threats and promises. We develop a model of strategic
communication, based on the conflict game with perfect information, in which a noisy commitment message is sent by a betterinformed sender to a receiver who takes an action that determines the welfare of both. Our model captures different levels of alignedpreferences, for which classical games such as stag hunt, hawk-dove, and prisoner’s dilemma are particular cases. We characterise
the Bayesian perfect equilibrium with nonbinding messages under truth-telling beliefs and sender’s bargaining power assumptions.
Through our equilibrium selection we show that the less conflict the game has, the more informative the equilibrium signal is and
less credibility is necessary to implement it.

1. Introduction
Bargaining power refers to the relative ability that a player has
in order to exert influence upon others to improve her own
wellbeing. It is related also to idiosyncratic characteristics
such as patience, so that a player turns the final outcome into
her favour if she has better outside options or if she is more
patient [1]. In addition, Schelling [2] described bargaining
power as the chance to cheat and bluff, the ability to set
the best price for oneself. For instance, when the union says
to the management in a firm, “we will go on strike if you
do not meet our demands,” or when a nation announces
that any military provocation will be responded with nuclear
weapons, it is clear that communication has been used with a
strategic purpose, to gain bargaining power.
In bargaining theory, strategic moves are actions taken
prior to playing a subsequent game, with the aim of changing
the available strategies, information structure, or payoff
functions. The aim is to change the opponent’s beliefs, making
it credible that the position is unchangeable. Following Selten
[3], the formal notion of credibility is subgame perfectness.
(Schelling developed the notion of credibility as the outcome
that survives iterated elimination of weakly dominated strategies. We know that, in the context of generic extensive-form
games with complete and perfect information, this procedure

does indeed work (see [4]).) Nevertheless, we argue that if
a message is subgame perfect, then it is neither a threat nor
a promise. Consider the following example: a union says to
management: “If you increase our salaries, we will be grateful.” In such case, credibility is not in doubt, but we could
hardly call this a promise or a threat. Schelling [2] denotes
fully credible messages as warnings; and we follow this
differentiation to threats and promises.
Commitment theory was proposed by Schelling [2] (for
a general revision of Schelling’s contribution to economic
theory, see Dixit [4] and Myerson [5]), who introduced a
tactical approach for communication and credibility inside
game theory. Hirshliefer [6, 7] and Klein and O’Flaherty [8]
worked on the analysis and characterisation of strategic
moves in the standard game theory framework. In the
same way, Crawford and Sobel [9] formally showed that
an informed agent could reveal his information in order to
induce the uninformed agent to make a specific choice.
There are three principal reasons for modelling preplay communication: information disclosure (signalling),
coordination goals (cheap-talk), and strategic influence (in
Schelling’s sense). Following Farrell [10] and Farrell and
Rabin [11], the main problem in modelling nonbinding messages is the “babbling equilibrium,” where statements mean
nothing. However, they showed that cheap talk can convey
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information in a general signalling environment, displaying
a particular equilibrium in which statements are meaningful.
In this line, Rabin [12] developed credible message profiles,
looking for a meaningful communication equilibrium in
cheap-talk games.
Our paper contributes to the strategic communication
literature in three ways. First, we propose a particular
characterisation of warnings, threats, and promises in the
conflict game with perfect information, as mutually exclusive
categories. For this aim, we first define a sequential protocol
in the 2 × 2 conflict game originally proposed by Baliga and
Sjöström [13]. This benchmark game is useful because it is
a stylised model that captures different levels of alignedpreferences, for which classical games such as stag hunt,
hawk-dove, and prisoner’s dilemma are particular cases.
Second, we model strategic moves with nonbinding
messages, showing that choosing a particular message and its
credibility are related to the level of conflict. In this way, the
conflict game with nonbinding messages captures a bargaining
situation where people talk about their intentions, by simply
using cheap talk. More precisely, we analyse a game where
a second player (the sender) can communicate her action
plan to the first mover (the receiver). (To avoid confusion
and gender bias, the sender will be denoted as “she,” and the
receiver as “he.”) In fact, the sender must decide after she
observes the receiver’s choice, but the commitment message
is a preplay move.
Third, we introduce a simple parameterisation that can
be used as a baseline for experimental research. By means of
this model it is possible to study how, in a bargaining environment, information and communication influence the power
one of the parts may have. In other words, this addresses
the following: the logic supporting Nash equilibrium is that
each player is thinking, given what the other does, what
is the best he could do. Players, in a first stance, cannot
influence others’ behaviour. On the contrary, Schelling [2]
argues that players may consider what they can do, as a
preplay move, to influence (i.e., manipulate) the behaviour
of their counterpart and turn their payoffs in their favour.
Therefore, our behavioural model provides a framework
where it is possible to (experimentally) study the strategic
use of communication in order to influence others, under
different levels of conflict.
We analyse conceptually the importance of three essential
elements of commitment theory: (i) the choice of a response
rule, (ii) the announcement about future actions, and (iii) the
credibility of messages. We answer the following questions:
what is the motivation behind threats and promises? and can
binding messages improve the sender’s bargaining power? In
this paper, threats and promises are defined as a second mover
self-serving announcement, committing in advance how she
will play in all conceivable eventualities, as long as it specifies
at least one action that is not her best response (see [4, 7]).
With this definition, we argue that binding messages improve
the sender’s bargaining power in the perfect information
conflict game, even when it is clear that by assuming binding
messages we avoid the problem of credibility.
The next step is to show that credibility is related to
the probability that the sender fulfills the action specified in
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Table 1: The 2 × 2 conflict game.
Player 2
Player 1

𝑑
ℎ

𝑑
1, 1
𝑦, 𝑥

ℎ
𝑥, 𝑦
0.25, 0.25

the nonbinding message. For this, we highlight that players
share a common language, and the literal meaning must
be used to evaluate whether a message is credible or not.
Hence, the receiver has to believe in the literal meaning of
announcements if and only if it is highly probable to face the
truth. Technically, we capture this intuition in two axioms:
truth-telling beliefs and the sender’s bargaining power. We ask,
are nonbinding messages a mechanism to improve the sender’s
bargaining power? and how much credibility is necessary for a
strategic move to be successful? In equilibrium, we can prove
that nonbinding messages will convey private information
when the conflict is low. On the other hand, if the conflict
is high, there are too strong incentives to lie, and cheap talk
becomes meaningless. However, even in the worse situation,
the nonbinding messages can transmit some meaning in
equilibrium if the players focus on the possibility of fulfilling
threats and promises.
The paper is organised as follows. In Section 2, the conflict
game is described. In Section 3 the conditioned messages
will be analysed, and the definitions of threats and promises
are presented. Section 4 presents the model with nonbinding messages, showing the importance of response rules,
messages, and credibility to improve the sender’s bargaining
power. Finally, Section 5 concludes.

2. The 2 × 2 Conflict Game
The 2 × 2 conflict game is a noncooperative symmetric
environment. There are two decision makers in the set of
players, 𝑁 = {1, 2}. (In this level of simplicity, players’ identity
is not relevant, but since the purpose is to model Schelling’s
strategic moves, in the following sections player 2 is going to
be a sender of commitment messages.) Players must choose
an action 𝑠𝑖 ∈ 𝑆𝑖 = {𝑑, ℎ}, where 𝑑 represents being dove
(peaceful negotiator) and ℎ being hawk (aggressive negotiator). The utility function 𝑢𝑖 (𝑠1 , 𝑠2 ) for player 𝑖 is defined by the
payoffs matrix in Table 1, where rows correspond to player 1
and columns correspond to player 2.
Note that both mutual cooperation and mutual defection
lead to equal payoffs, and the combination of strategies (𝑑, 𝑑)
is always Pareto optimal. In the same way, the combination
of strategies (ℎ, ℎ) is not optimal and can only be understood
as the disagreement point. Assuming that 𝑦 ≥ 𝑥, payoffs are
unequal when a player behaves aggressively and the other
cooperates, given that the player who plays aggressively has
an advantage over his/her opponent. In addition, we will
assume that 𝑥 ≠ 0.25 and 𝑦 ≠ 1 to avoid the multiplicity
of irrelevant equilibria. Therefore, it will always be preferred
that the opponent chooses 𝑑. To have a parameterisation that
serves as a baseline for experimental design, it is desirable
to fix 𝑥 ∈ [0, 0.5] and 𝑦 ∈ [0.5, 1.5] within these intervals,
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Table 2: Nash equilibria in the conflict game.
(𝑠1∗ , 𝑠2∗ )
C1
C2
C3
C4

(𝑑, 𝑑)
(𝑑, 𝑑)
(ℎ, ℎ)
(𝑑, ℎ)
(ℎ, 𝑑)
(ℎ, ℎ)

(𝑈1∗ , 𝑈2∗ )
(1, 1)
(1, 1)
(0.25, 0.25)
(𝑥, 𝑦)
(𝑦, 𝑥)
(0.25, 0.25)

Pareto optimal
Yes
Yes
No
Yes
Yes
No

Table 3: The conflict game: illustrative cases.
(a) C1: 𝑦 − 𝑥 = 0

2
1

𝑑
ℎ

𝑑
1, 1
0.5, 0.5

ℎ
0.5, 0.5
0.25, 0.25

(b) C2: 𝑦 − 𝑥 = 0.5

2

because if they are modelled as random variables with
uniform distribution we would have four games with the
same probability of occurring.
Under these assumptions, the 2 × 2 conflict game has
four particular cases that, according to Hirshliefer [6], can be
ordered by their level of conflict or affinity in preferences:
(1) Level of conflict 1 (C1): if 𝑦 < 1 and 𝑥 > 0.25, there
is no conflict in this game because cooperating is a
dominant strategy.

1

(4) Level of conflict 4 (C4): if 𝑦 > 1 and 𝑥 < 0.25, this is the
classic prisoners dilemma, where individual incentives
lead to an inefficient allocation of resources.
Based on the system of incentives, it is possible to explain
why these games are ordered according to their level of
conflict, from lowest to highest (see Table 2). In the C1
game the players’ preferences are well aligned and there is
no coordination problem because the Nash equilibrium is
unique in dominant strategies. Therefore, a rational player
will always choose to cooperate 𝑑, which will lead to the
outcome that is Pareto optimal. In the C2 game mutual
cooperation (𝑑, 𝑑) is a Nash equilibrium, but it is not unique
in pure strategies. The problem lies in coordinating on either
a Pareto dominant equilibrium (𝑑, 𝑑) or a risk dominant
equilibrium (ℎ, ℎ). In other words, negotiating as a dove
implies a higher risk and will only take place if a player
believes that the adversary will do the same. This is the reason
why it is possible to state that lack of trust between the parties
may lead to the disagreement point.
The C3 game portrays an environment with higher levels
of conflict, since there are two equilibria with unequal payoffs.
In other words, players face two problems, a distributive and a
coordination one. If only one of the players chooses to behave
aggressively, this will turn the result in his/her favour, but it
is impossible to predict who will be aggressive and who will
cooperate. In this 2×2 environment there is no clear criterion
to predict the final outcome and therefore the behaviour.

ℎ
0, 0.5
0.25, 0.25

(c) C3: 𝑦 − 𝑥 = 1

2
1

𝑑
ℎ

𝑑
1, 1
1.5, 0.5

ℎ
0.5, 1.5
0.25, 0.25

(d) C4: 𝑦 − 𝑥 = 1.5

(2) Level of conflict 2 (C2): if 𝑦 < 1 and 𝑥 < 0.25, this
is the so-called stag hunt game, which formalises the
idea that lack of trust may lead to disagreements.
(3) Level of conflict 3 (C3): if 𝑦 > 1 and 𝑥 > 0.25,
depending on the history used to contextualise it, this
game is known as either hawk-dove or chicken game.
Both anticipation and dissuasion are modelled here,
where fear of consequences makes one of the parts
give up.

𝑑
ℎ

𝑑
1, 1
0.5, 0

2
1

𝑑
ℎ

𝑑
1, 1
1.5, 0

ℎ
0, 1.5
0.25, 0.25

The last game is the classical social dilemma about the
limitations of rational behaviour to allocate resources efficiently. The C4 game is classified as the most conflictive one
because the players are faced with a context where the rational
choice clearly predicts that the disagreement point will be
reached. Additionally, we will argue along this document that
changing incentives to achieve mutual cooperation is not a
simple task in this bargaining environment.
Until this moment we have used equilibrium unicity and
its optimality to argue that the games are ordered by their
level of conflict. However, it is possible to understand the
difference in payoffs (𝑦 − 𝑥) as a proxy of the level of conflict.
In other words, the difference in payoffs between the player
who takes the advantage by playing aggressively and the
player who is exploited for cooperating is large, we can state
that the incentives lead players to a preference to behave
aggressively (see the illustrative cases in Table 3).

3. Response Rules and Commitment Messages
We consider now the conflict game with a sequential decision
making protocol. The idea is to capture a richer set of
strategies that allows us to model threats and promises as
self-serving messages. In addition, the set of conditioned
strategies include the possibility of implementing ordinary
commitment, because a simple unconditional message is
always available for the sender.
Schelling [2] distinguishes between two different types
of strategic moves: ordinary commitments and threats. An
ordinary commitment is the possibility of playing first,
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Table 4: SPNE in the conflict game with perfect information.

P1

d

h

P2
d

C1
C2
C3
C4

P2
h

d

(𝑠∗1 , 𝑠2∗ )
(𝑑, 𝑑𝑑)
(𝑑, 𝑑ℎ)
(ℎ, ℎ𝑑)
(ℎ, ℎℎ)

(𝑢∗1 , 𝑢2∗ )
(1, 1)
(1, 1)
(𝑦, 𝑥)
(0.25, 0.25)

Pareto optimal
Yes
Yes
Yes
No

h

possibility leads to a first mover advantage, as we can see in
Proposition 2.
u1
u2

1

x

y

0.25

1

y

x

0.25

Figure 1: The conflict game with perfect information.

announcing that a decision has already been made and it
is impossible to be changed, which forces the opponent to
make the final choice. On the other hand, threats are second
player moves, where she convincingly pledges to respond to
the opponent’s choice in a specified contingent way (see [7]).
3.1. The Conflict Game with Perfect Information. Suppose that
player 1 moves first and player 2 observes the action made by
player 1 and makes his choice. In theoretical terms, this is a
switch from the 2 × 2 strategic game to the extensive game
with perfect information in Figure 1. A strategy for player 2 is
a function that assigns an action 𝑠2 ∈ {𝑑, ℎ} to each possible
action of player 1, 𝑠1 ∈ {𝑑, ℎ}. Thus, the set of strategies for
player 2 is 𝑆2 = {𝑑𝑑, 𝑑ℎ, ℎ𝑑, ℎℎ}, where 𝑠2 = 𝑠2𝑑 𝑠2ℎ represents
a possible reaction rule, such that the first component 𝑠2𝑑
denotes the action that will be carried out if player 1 plays
𝑑, and the second component 𝑠2ℎ is the action in case that 1
plays ℎ. The set of strategies for player 1 is 𝑆1 = {𝑑, ℎ}.
In this sequential game with perfect information a strategy profile is (𝑠1 , 𝑠2 ). Therefore, the utility function 𝑢𝑖 (𝑠1 , 𝑠2 )
is defined by 𝑢𝑖 (𝑑, 𝑠2𝑑 𝑠2ℎ ) = 𝑢𝑖 (𝑑, 𝑠2𝑑 ) and 𝑢𝑖 (ℎ, 𝑠2𝑑 𝑠2ℎ ) =
𝑢𝑖 (ℎ, 𝑠2ℎ ), based on the 2 × 2 payoff matrix presented before.
As the set of strategy profiles becomes wider, the predictions
based on the Nash equilibrium are less relevant. Thus, in
the conflict game with perfect information the applicable
equilibrium concept is the subgame perfect Nash equilibrium
(SPNE).
(𝑠1∗ , 𝑠2∗ )

is a SPNE
Definition 1 (SPNE). The strategy profile
in the conflict game with perfect information if and only if
𝑢2 (𝑠1 , 𝑠2∗ ) ≥ 𝑢2 (𝑠1 , 𝑠2 ) for every 𝑠2 ∈ 𝑆2 and for every 𝑠1 ∈ 𝑆1 ;
and 𝑢1 (𝑠1∗ , 𝑠2∗ ) ≥ 𝑢1 (𝑠1 , 𝑠2∗ ) for every 𝑠1 ∈ 𝑆1 .
∗ ∗
The strategy 𝑠2∗ = 𝑠2𝑑
𝑠2ℎ represents the best response
for player 2 in every subgame. In the same way, the strategy
𝑠1∗ is the best response for player 1 when player 2 chooses
𝑠2∗ . By definition and using the payoffs assumptions, it is
∗ ∗
𝑠2ℎ is the unique weakly
clear that the strategy 𝑠2∗ = 𝑥2𝑑
dominant strategy for player 2 and, in consequence, the
reason for player 1 to forecast his counterpart’s behaviour
based on the common knowledge of rationality. The forecast

Proposition 2 (first mover advantage). If (𝑠1∗ , 𝑠2∗ ) is a SPNE in
the conflict game with perfect information, then 𝑢1 (𝑠1∗ , 𝑠2∗ ) ≠ 𝑥
and 𝑢2 (𝑠1∗ , 𝑠2∗ ) ≠ 𝑦.
The intuition behind Proposition 2 is that there is an
advantage related to the opportunity of playing first, which is
the idea behind the ordinary commitment. In consequence,
the equilibrium that is reached is that in favour of Player 1,
because he always obtains at least as much as his opponent.
This is true except for the C4 game, because the level of
conflict is so high that regardless of what player 1 chooses
he cannot improve his position. The SPNE for each game is
presented in Table 4.
We can see that the possibility to play a response rule
is not enough to increase player 2’s bargaining power. For
this reason, we now consider the case where player 2 has the
possibility to announce the reaction rule she is going to play,
before player 1 makes his decision.
3.2. Threats and Promises as Binding Messages. Following
Schelling [14], the sender’s bargaining power increases if she
is able to send a message about the action she is going to
play, since with premeditation other alternatives have been
rejected. For the receiver it must be clear that this is the
unique relevant option. This strategic move can be implemented if it is possible to send binding messages about second
mover’s future actions. With this kind of communication we
are going to show that there always exists a message that
allows player 2 to reach an outcome at least as good as the
outcome in the SPNE. By notation, 𝑚2 ∈ 𝑆2 is a conditioned
message, where 𝑚2 = 𝑚2𝑑 𝑚2ℎ . From now on, player 2
represents the sender and player 1 the receiver.
Definition 3 (commitment message). 𝑚2∗ ∈ 𝑆2 is a commit∗
, 𝑚2∗ ) ≥ 𝑢2 (𝑠1∗ , 𝑠2∗ ), where
ment message if and only if 𝑢2 (𝑠1𝑚
∗
∗
∗
∗
is
𝑢1 (𝑠1𝑚 , 𝑚2 ) ≥ 𝑢1 (𝑠1 , 𝑚2 ) for every 𝑠1 ∈ 𝑆1 . It means 𝑠1𝑚
∗
player 1 best response given 𝑚2 .
The idea behind commitment messages is that player 2
wants to achieve an outcome at least as good as the one
without communication, given the receiver’s best response.
This condition only looks for compatibility of incentives,
since the receiver also makes his decisions in a rational way.
Following closely the formulations discussed in Schelling
[14], Klein and O’Flaherty [8], and Hirshliefer [7], we classify
the commitment messages in three mutually exclusive categories: warnings, threats, and promises.
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Table 5: Commitment messages.

C1
C2
C3
C4

Warning
(𝑑, 𝑑𝑑)
(𝑑, 𝑑ℎ)
(ℎ, ℎ𝑑)
(ℎ, ℎℎ)

(𝑢∗1 , 𝑢2∗ )
(1, 1)
(1, 1)
(𝑦, 𝑥)
(0.25, 0.25)

Threat
(𝑑, 𝑑ℎ)
(𝑑, 𝑑𝑑)
(𝑑, ℎℎ)

Definition 4 (warnings, threats, and promises). (1) The commitment message 𝑚2∗ ∈ 𝑆2 is a warning if and only if 𝑚2∗ = 𝑠2∗ .
(2) The commitment message 𝑚2∗ ∈ 𝑆2 is a threat if and
only if 𝑢2 (𝑑, 𝑚2∗ ) = 𝑢2 (𝑑, 𝑠2∗ ) and 𝑢2 (ℎ, 𝑚2∗ ) < 𝑢2 (ℎ, 𝑠2∗ ).
(3) The commitment message 𝑚2∗ ∈ 𝑆2 is a promise if and
only if 𝑢2 (𝑑, 𝑚2∗ ) < 𝑢2 (𝑑, 𝑠2∗ ).
The purpose of a warning commitment is to confirm that
the sender will play her best response after every possible
action of the receiver. Schelling does not consider warnings
as strategic moves, but we prefer to use it in this way
because the important characteristic of warnings is their full
credibility condition. If agents want to avoid miscoordination
related to the common knowledge of rationality, they could
communicate it and believe it as well. On the contrary,
credibility is an inherent problem in threats and promises.
The second and third points in Definition 4 show that at
least one action in the message is not the best response after
observing the receiver’s choice. In threats, the sender does not
have any incentive to implement the punishment when the
receiver plays hawk. In promises, the sender does not have
any incentive to fulfill the agreement when the receiver plays
dove.
The strategic goal in the conflict game is to deter the opponent of choosing hawk, because by assumption 𝑢𝑖 (𝑠𝑖 , 𝑑) >
𝑢𝑖 (𝑠𝑖 , ℎ). This is exactly the purpose of these binding messages,
as shown in Proposition 5.
̂2 is a threat or
Proposition 5 (second mover advantage). If 𝑚
a promise in the conflict game with perfect information, then
𝑠1∗𝑚̂ = 𝑑.
The intuition behind Proposition 5 is that, in Schelling’s
terms, if a player has the possibility to announce her intentions, she will use threats or promises to gain an advantage
over the first mover. That is, player 2 uses these messages
because, if believed by player 1, she can make him cooperate.
Proposition 6 specifies for which cases player 2 influences
player 1’s choices by means of threats and promises. That is,
in which cases, when player 1 has no incentives to cooperate,
messages can prompt a change in his behaviour.
Proposition 6 (message effectivity). There exists a commit∗
, 𝑚2∗ ) > 𝑢2 (𝑠1∗ , 𝑠2∗ ) if and
ment message 𝑚2∗ such that 𝑢2 (𝑠1𝑚
only if 𝑦 > 1.
Therefore, threats and promises provide a material advantage upon the adversary only in cases with high conflict (e.g.,
C3 and C4). Thus, the condition 𝑦 > 1 is not satisfied
in C1 and C2 cases, where the level of conflict is low.

(𝑢1 , 𝑢2 )
(1, 1)
(1, 1)
(𝑥, 𝑦)

Promise

(𝑢1 , 𝑢2 )

(𝑑, 𝑑ℎ)
(𝑑, 𝑑ℎ)

(1, 1)
(1, 1)

The implication is that mutual cooperation is achieved in
equilibrium and this outcome is the highest for both players.
The use of messages under these incentives only needs to
confirm the sender’s rational choice. If player 2 plays 𝑚∗ =
𝑠2∗ , receiver can anticipate this rational behaviour, which is
completely credible. This is exactly the essence of the subgame
perfect Nash equilibrium proposed by Selten [3].
An essential element of commitments is to determine
under what conditions the receiver must take into account the
content of a message, given that the communication purpose
is to change the rival’s expectations. The characteristic of a
warning is to choose the weakly dominant strategy, but for
threats or promises at least one action is not a best response.
Proposition 6 shows that in the C3 and C4 cases the sender’s
outcome is strictly higher if she can announce that she does
not follow the subgame perfect strategy. We summarise these
findings in Table 5.
Up to this point we have considered the first two elements
of commitment theory. We started by illustrating that the
messages sent announce the intention the sender has to
execute a plan of action (i.e., the choice of a response rule).
Subsequently, we described for which cases messages are
effective (i.e., self-serving announcements). Now we inquire
about the credibility of these strategic moves, because if the
sender is announcing that she is going to play in an opposite
way to the game incentives, this message does not change the
receiver’s beliefs. The message is not enough to increase the
bargaining power. It is necessary that the specified action is
actually the one that will be played, or at least that the sender
believes it. The objective in the next section is to stress the
credibility condition. It is clear that binding messages imply
a degree of commitment at a 100% level, but this condition
is very restrictive, and it is not a useful way to analyse a
real bargaining situation. We are going to prove that for a
successful strategic move the degree of commitment must be
high enough, although it is not necessary to tell the truth with
a probability equal to 1.

4. The Conflict Game with
Nonbinding Messages
The credibility problem is related to how likely it is that the
message sent coincides with the actions chosen. The sender
announces her way of playing, but it could be a bluff. In
other words, the receiver can believe in the message if it is
highly probable that the sender is telling the truth. In order
to model this problem the game now proceeds as follows. In
the first stage Nature assigns a type to player 2 following a
probability distribution. The sender’s type is her action plan;
her way of playing in case of observing each of the possible
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receiver’s action. In the second stage player 2 observes her
type and sends a signal to player 1. The signal is the disclosure
of her plan, and it can be seen as a noisy message, because it
is nonbinding. In the last stage, player 1, after receiving the
signal information, chooses an action. This choice determines
the players’ payoffs together with the actual type of player 2.
Following the intuition behind credible message profile in
Rabin [12], a commitment announcement can be considered
credible if it fulfills the following conditions. (i) When
the receiver believes the literal meanings of the statements,
the types sending the messages obtain their best possible
payoff; hence those types will send these messages. (ii) The
statements are truthful enough. The enough comes from the
fact that some types might lie to player 1 by pooling with a
commitment message and the receiver knows it. However, the
probability of facing a lie is small enough that it does not affect
player 1’s optimal response.
The objective of this section is to formalise these ideas
using our benchmark conflict game. The strategic credibility
problem is intrinsically dynamic, and it makes sense if
we consider threats and promises as nonbinding messages.
Bearing these considerations in mind, from now on the
messages are used to announce the sender’s intentions, but
they are cheap talk. Clearly, negotiators talk, and in most of
the cases it is free, but we show that this fact does not imply
that cheap talk is meaningless or irrelevant.
4.1. The Signalling Conflict Game. Consider a setup in which
player 2 moves first; player 1 observes a message from player
2 but not her type. They choose as follows: In the first
stage Nature assigns a type 𝜃2 to player 2 as a function that
assigns an action 𝑠2 ∈ {𝑑, ℎ} to each action 𝑠1 ∈ {𝑑, ℎ}.
Player 2’s type set is Θ2 = 𝑆2 = {𝑑𝑑, 𝑑ℎ, ℎ𝑑, ℎℎ}, where
𝜃2 = 𝑠2𝑑 𝑠2ℎ . Nature chooses the sender’s type following a
probability distribution, where 𝑝(𝜃2 ) > 0 is the probability
to choose the type 𝜃2 , and ∑𝜃2 ∈Θ2 𝑝(𝜃2 ) = 1. In the second
stage, player 2 observes her own type and chooses a message
𝑚2 ∈ Θ2 . At the final stage, player 1 observes this message
and chooses an action from his set of strategies 𝑆1 = {𝑑, ℎ}.
The most important characteristic of this conflict game with
nonbinding messages is that communication cannot change
the final outcome. Though strategies are more complex in this
case, the 2 × 2 payoff matrix in the conflict game is always the
way to determine the final payoffs.
In order to characterise the utility function we need some
notation. A message profile 𝑚2 = (𝑚𝑑𝑑 , 𝑚𝑑ℎ , 𝑚ℎ𝑑 , 𝑚ℎℎ ) is a
function that assigns a message 𝑚2 ∈ Θ2 to each type 𝜃2 ∈
Θ2 . The first component 𝑚𝑑𝑑 ∈ 𝑆2 is the message chosen in
case of observing the type 𝜃2 = 𝑑𝑑; the second component
𝑚𝑑ℎ ∈ 𝑆2 is the message chosen in case of observing the type
𝜃2 = 𝑑ℎ, and so on. By notation, 𝑚𝜃2 = 𝑠2𝑑 𝑠2ℎ is a specific
message sent by a player with type 𝜃2 , and 𝑚2 = (𝑚𝜃2 , 𝑚−𝜃2 ) is
a generic message profile with emphasis on the message sent
by the player with type 𝜃2 .
There is imperfect information because the receiver can
observe the message, but the sender’s type is not observable. Thus, the receiver has four different information sets,
depending on the message he faces. A receiver’s strategy
𝑠1𝑚 = (𝑠1𝑑𝑑 , 𝑠1𝑑ℎ , 𝑠1ℎ𝑑 , 𝑠1ℎℎ ) is a function that assigns

Journal of Applied Mathematics
an action 𝑠1 ∈ 𝑆1 to each message 𝑚2 ∈ 𝜃2 , where 𝑠1𝑑𝑑 is
the action chosen after observing the message 𝑚2 = 𝑑𝑑, and
so on. In addition, 𝑠1𝑚 = (𝑠1𝑚 , 𝑠1(−𝑚) ) is a receiver’s generic
strategy with emphasis on the message he faced. In this case,
the subindex 𝑚 is the way to highlight that the receiver’s
strategies are a profile of single actions. Therefore, in the
conflict game with nonbinding messages the utility function
is 𝑢𝑖 (𝑠1𝑚𝜃 , 𝑠1(−𝑚𝜃 ) , 𝑚𝜃2 , 𝑚−𝜃2 ) = 𝑢𝑖 (𝑠1 , 𝑠2 ) for 𝑠1𝑚𝜃 = 𝑠1 and
2
2
2
𝜃2 = 𝑠2 .
In this specification, messages are payoff irrelevant and
what matters is the sender’s type. For this reason, it is
necessary to define the receiver’s beliefs about who is the
sender when he observes a specific message. The receiver’s
belief 𝛼𝜃2 |𝑚2 ≥ 0 is the conditional probability of obtaining
the message from a sender of type 𝜃2 , given that he observed
the message 𝑚2 . Naturally, ∑𝜃2 ∈Θ2 𝛼𝜃2 |𝑚2 = 1.
All the elements of the conflict game with nonbinding
messages are summarised in Figure 2. The most salient characteristics are the four information sets in which the receiver
must choose and that messages are independent of payoffs.
For instance, the upper left path (blue) describes each possible
decision for the sender of type 𝑑𝑑. In the first place, Nature
chooses the sender’s type; in this case 𝜃2 = 𝑑𝑑. In the
next node, 𝑑𝑑 must choose a message from the 4 possible
reaction rules. We say that 𝑑𝑑 is telling the truth if she
chooses 𝑚𝑑𝑑 = 𝑑𝑑, leading to the information set at the
top. We intentionally plot the game in a star shape in order
to highlight the receiver’s information sets. At the end, the
receiver chooses between 𝑑 and ℎ, and cheap talk implies that
there are 4 feasible payoffs.
The signalling conflict game has a great multiplicity of
Nash equilibria. For this particular setting, a characterisation
of this set is not our aim. Our interest lies on the characterisation of the communication equilibrium. For this reason
the appropriate concept in this case is the perfect Bayesian
equilibrium.
Definition 7 (PBE). A perfect Bayesian equilibrium is a
∗
∗
∗
∗
, 𝑚𝑑ℎ
, 𝑚ℎ𝑑
, 𝑚ℎℎ
), a
sender’s message profile 𝑚2∗ = (𝑚𝑑𝑑
∗
∗
∗
∗
∗
receiver’s strategy profile 𝑠1𝑚 = (𝑠1𝑑𝑑 , 𝑠1𝑑ℎ , 𝑠1ℎ𝑑 , 𝑠1ℎℎ ), and a
beliefs profile 𝛼𝜃∗𝑠 |𝑚𝑠 after observing each message 𝑚2 , if the
following conditions are satisfied:
(1) 𝑚2∗ is the argmax𝑚𝜃

2

∗
∈Θ2 𝑢𝜃2 (𝑠1𝑚 , 𝑚𝜃2 , 𝑚−𝜃2 ),

∗
(2) 𝑠1𝑚
is the argmax𝑠𝜃2 ∈𝑆 ∑𝜃2 ∈Θ2 𝛼𝜃2 |𝑚2 ⋅ 𝑢1 (𝑠1𝑚𝜃 , 𝑠1(−𝑚𝜃 ) ,
2
2
1
1
∗
𝑚2 ),

(3) 𝛼𝜃∗2 |𝑚2 must be calculated following Bayes’ rule based
on the message profile 𝑚2∗ . For all 𝜃2 who play the
message 𝑚2∗ , the beliefs must be calculated as 𝛼𝜃2 |𝑚2∗ =
𝑝𝜃2 / ∑ 𝑝𝑚2∗ .
The conditions in this definition are incentive compatibility for each player and Bayesian updating. The first condition
requires message 𝑚𝜃∗2 to be optimal for type 𝜃2 . The second
∗
requires strategy 𝑠1𝑚
to be optimal given the beliefs profile
∗
𝛼𝜃2 |𝑚2 . For the last condition, Bayesian updating, the receiver’s
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Figure 2: Conflict game with nonbinding messages.

beliefs must be derived via Bayes’ rule for each observed
message, given the equilibrium message profile 𝑚2∗ .
4.2. The Commitment Equilibrium Properties. There are, in
general, several different equilibria in the conflict game with
nonbinding messages. The objective of this section is to show
that a particular equilibrium that satisfies the following
properties leads to a coordination outcome, given it is both
salient and in favour of the sender. In what follows we will
present Axioms 1 and 2 which will be used to explain which
is the particular equilibrium that can be used as a theoretical
prediction in experimental games with different levels of
conflict.
Axiom 1 (truth-telling beliefs). If the receiver faces a message
̂2∗ = 𝜃̂2 , then 𝛼𝜃̂ |𝑚̂ > 0. If the message 𝑚2 = 𝜃2 is not part
𝑚
2
2
of the messages profile 𝑚2∗ , then 𝛼𝜃2 |𝑚2 = 1.

More precisely, truth-telling beliefs emphasise that in
equilibrium when the receiver faces a particular message,
its literal meaning is that the sender has the intention of
playing in this way. Thus, the probability of facing truthtelling messages must be greater than zero. In the same
way, when the sender does not choose a particular message,
she is signalling that there are no incentives to make the
receiver believe this, given that the receiver’s best response
is ℎ. Therefore, we can assume that the receiver must fully
believe in the message, because both players understand that
the purpose of the strategic move is to induce the receiver
to play 𝑑. If the sender is signalling the opposite, she is
showing her true type by mistake; then the receiver believes
her with probability 1 (see the column “belief of truth-telling”
in Table 6).
Axiom 2 (senders’ bargaining power). If 𝑚𝜃∗2 is part of the
∗
messages profile 𝑚2∗ , then 𝑠1𝑚
= 𝑑.
𝜃
2

Following Farrell and Rabin [11] we assume that people in
real life do not seem to lie as much or question each other’s
statements as much, as the game theoretic predictions state.
Axiom 1 captures the intuition that for people it is natural to
take seriously the literal meaning of a message. This does not
mean that they believe everything they hear. It rather states
that they use the meaning as a starting point and then assess
credibility, which involves questioning in the form of “why
would she want me to think that? Does she have incentives to
actually carry out what she says?”

Axiom 2 captures the use of communication as a means
to influence the receiver to play dove. That is, there is an
equilibrium where the only messages sent are those that
induce the receiver to cooperate. In order to characterise a
communication equilibrium such as the one described above,
we first focus on the completely separating message profile,
when the sender is telling the truth. Naturally, 𝑚𝜃2 is a truthtelling message if and only if 𝑚𝜃̂2 = 𝜃̂2 (see column “message
by type” in Table 6), and given the message the receiver’s best
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Table 6: Perfect Bayesian equilibria that satisfy Axioms 1 and 2.
Message by type

Player 1’s best resp.

Belief of truth-telling

∗
∗
∗
∗
, 𝑚𝑑ℎ
, 𝑚ℎ𝑑
, 𝑚ℎℎ
)
(𝑚𝑑𝑑

∗
∗
∗
∗
(𝑠1𝑑𝑑
, 𝑠1𝑑ℎ
, 𝑠1ℎ𝑑
, 𝑠1ℎℎ
)

∗
∗
∗
∗
(𝛼𝑑𝑑|𝑑𝑑
, 𝛼𝑑ℎ|𝑑ℎ
, 𝛼ℎ𝑑|ℎ𝑑
, 𝛼ℎℎ|ℎℎ
)

C1

(𝑑𝑑, 𝑑ℎ, 𝑑𝑑, ℎℎ)

(𝑑, 𝑑, ℎ, 𝑑)

C2

(𝑑𝑑, 𝑑ℎ, 𝑑𝑑, 𝑑ℎ)

(𝑑, 𝑑, ℎ, ℎ)

C3

(𝑑ℎ, 𝑑ℎ, ℎℎ, ℎℎ)

(ℎ, 𝑑, ℎ, 𝑑)

C4

(𝑑ℎ, 𝑑ℎ, 𝑑ℎ, 𝑑ℎ)

(ℎ, 𝑑, ℎ, ℎ)

𝑝𝑑𝑑
, 1, 1, 1)
(𝑝𝑑𝑑 + 𝑝ℎ𝑑 )
𝑝𝑑ℎ
𝑝𝑑𝑑
,
, 1, 1)
(
(𝑝𝑑𝑑 + 𝑝ℎ𝑑 ) (𝑝𝑑ℎ + 𝑝ℎℎ )
𝑝ℎℎ
𝑝𝑑ℎ
, 1,
)
(1,
(𝑝𝑑𝑑 + 𝑝𝑑ℎ )
(𝑝ℎ𝑑 + 𝑝ℎℎ )
𝑝𝑑ℎ
, 1, 1)
(1,
(𝑝𝑑𝑑 + 𝑝𝑑ℎ + 𝑝ℎ𝑑 + 𝑝ℎℎ )
(

response will be to cooperate (see column “player 1’s best
response” in Table 6).
With this in mind, it is possible to stress that a contribution of our behavioural model is to develop experimental
designs that aim to unravel the strategic use of communication to influence (i.e., manipulate) others’ behaviour. That
is, the Nash equilibrium implies that players must take the
other players’ strategies as given and then they look for their
best response. However, commitment theory, in Schelling’s
sense, implies an additional step, where players recognise that
opponents are fully rational. Based on this fact, they evaluate
different techniques for turning the other’s behaviour into
their favour. In our case, the sender asks herself, “This is the
outcome I would like from this game; is there anything I can
do to bring it about?”

incentives for the sender to fulfill it [12]. The idea behind a
threat or a promise is to implement some risk for the opponent
in order to influence him, but this implies a risk for the
sender too. This fact has led to associating strategic moves
with slightly rational behaviours, when actually, in order to
be executed, a very detailed evaluation of the consequences is
needed. Proposition 10 and its corollary explain the relation
between the conditioned messages and the incentives to tell
the truth.

Proposition 8 (there is always a liar). The completely truthtelling messages profile 𝑚2 = (𝑑𝑑, 𝑑ℎ, ℎ𝑑, ℎℎ) cannot be part of
any PBE of the conflict game with nonbinding messages.

̂2 is a threat or a promise in
Corollary to Proposition 10. If 𝑚
̂2 is a
̂𝜃∗̂ = 𝑚
the conflict game with perfect information, then 𝑚
2
self-committing message.

Proposition 8 shows that the completely truth telling
message profile is not an equilibrium in the conflict game.
The problem lies in the sender type ℎ𝑑, because revealing her
actual type is not incentive compatible and there always exists
at least one successful message to induce the counterpart to
play dove. For this reason, we can ask whether there exists
some message that induces the sender to reveal her actual
type but at the same time leads to a successful strategic move.
Definition 9 is the bridge between nonbinding messages and
commitment messages presented in the previous section.

The intuition behind Proposition 10 and its corollary is
that if a message induces the other to cooperate, then the
sender has incentives to tell the truth. Moreover, as illustrated
in Proposition 5, threats and promises always induce the
counterpart to cooperate; therefore, they endogenously give
the sender incentives to comply with what is announced.
As we can see in the conflict game with perfect information
(for an illustration see Table 5), in the C1 and C2 cases
the warning is the way to reach the best outcome. If we
consider the possibility to send nonbinding messages when
the sender’s type is equal to a warning strategy, then revealing
her type is self-committing. The problem in the C3 and C4
cases is more complex given the warning message is not selfcommitting and the way to improve the bargaining power
is using a threat or a promise. This fact leads to a trade-off
between choosing a weakly dominant strategy that fails to
induce the opponent to play dove and a strategy that improves
her bargaining power but implies a higher risk for both of
them.
The required elements for a perfect Bayesian equilibrium
at each game are shown in Tables 6 and 7. It is important
to bear in mind that the beliefs that appear in Table 7 are
necessary conditions for implementing the PBE presented in
Table 6, given that they satisfy truth-telling beliefs and sender’s
bargaining power.

̂𝜃∗̂ be a truthDefinition 9 (self-committing message). Let 𝑚
2
̂𝜃∗̂ is a self-comtelling message and 𝛼𝜃̂2 |𝑚̂∗ (𝜃̂2 ) = 1. 𝑚
2
2
∗
∗
̂𝜃∗̂ , 𝑚
̂−∗𝜃̂ ) ≥ 𝑢𝜃̂ (𝑠1𝑚
,𝑚
,
mitting message if and only if 𝑢𝜃̂2 (𝑠1𝑚
2
2
2
∗
̂−𝜃̂ ), for every 𝑚𝜃̂ ∈ Θ2 .
𝑚𝜃̂2 , 𝑚
2
2

We introduce the self-committing message property
because we want to stress that a strategic move is a twostage process. Not only is communication useful in revealing
information, but also it can be used to manipulate others’
behaviour. The sender of a message must consider how the
receiver would react if he believes it and if that behaviour
works in her favour she will not have incentives to lie.
A message is self-committing and, if believed, it creates

̂𝜃∗̂
̂2 = 𝑚
Proposition 10 (incentives to commit). Let 𝑚
2
be a commitment message in the conflict game with perfect
∗
̂𝜃∗̂ is a self-committing
information. If 𝑠1𝑚
∗ (𝜃
̂2 ) = 𝑑, then 𝑚
2
message.
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Table 7: Beliefs that support the perfect Bayesian equilibrium.

C1
C2

Warning
∗
𝛼ℎ𝑑|𝑑𝑑
(𝑦 − 𝑥)
∗
𝛼𝑑𝑑|𝑑𝑑
≥
(1 − 𝑦)
∗
𝛼ℎℎ|𝑑ℎ
(0.25 − 𝑥)
∗
𝛼𝑑ℎ|𝑑ℎ ≥
0.75

C3

Lie

C4

Lie

Threat

Promise

Truth
∗
≥
𝛼𝑑𝑑|𝑑𝑑
∗
𝛼ℎℎ|ℎℎ
≥

∗
𝛼ℎ𝑑|𝑑𝑑
(𝑦 − 𝑥)

(1 − 𝑦)
∗
𝛼ℎ𝑑|ℎℎ
(𝑦 − 𝑥)

∗
≥
𝛼𝑑ℎ|𝑑ℎ

(𝑥 − 0.25)

The problem of which message must be chosen is as
simple as follows in the next algorithm: first, the sender tells
the truth. If the truth-telling message leads the receiver to play
dove, then she does not have any incentive to lie. In the other
case, she must find another message to induce the receiver
to play dove. If no message leads the receiver to play dove,
messages will lack any purpose, and she will be indifferent
between them.
Table 6 shows the messages; the receivers’ strategies and
their belief profiles in a particular equilibrium we argue is
the most salient. As we showed above, in the conflict game
(see Table 5) the sender is always in favour of those messages
where the receiver’s best response is dove. In the C1 case
there are three different messages, in the C2 and C3 cases
there are two messages, and the worst situation is the C4 case,
where every type of player sends the same message. This fact
leads to a first result: if the conflict is high, there are very
strong incentives to lie and communication leads to a pooling
equilibrium.
In addition, notice that Table 5 specifies which messages
will be used as commitment messages in the conflict game
with binding communication illustrated in Figure 1. That is,
if credibility is exogenous the theoretical prediction would be
that such messages are sent. This means that messages are not
randomly sent, but there is a clear intention behind them, to
induce the receiver to choose the action most favourable for
the sender. Now, Table 7 presents the minimum probability
threshold that can make the strategic move successful. That
is, if credibility is sufficiently high the message works and
achieves its purpose, in the conflict game with nonbinding
communication illustrated in Figure 2.
In Section 3 we assumed that the sender could communicate a completely credible message in order to influence her
counterpart. The question is, how robust is this equilibrium
if we reduce the level of commitment? Proposition 11 summarises the condition for the receiver to choose dove as the
optimal strategy. It is the way for calculating the beliefs that
are shown in Table 7.
∗
= 𝑑 if and
Proposition 11 (incentives to cooperate). 𝑠1𝑚(𝜃
2)
only if (1 − 𝑦)𝛼𝑑𝑑|𝑚(𝜃2 ) + (0.75)𝛼𝑑ℎ|𝑚(𝜃2 ) + (𝑥 − 𝑦)𝛼ℎ𝑑|𝑚(𝜃2 ) + (𝑥 −
0.25)𝛼ℎℎ|𝑚(𝜃2 ) ≥ 0.

Based on Proposition 11, the second result is that cheap
talk always has meaning in equilibrium. We consider that
this equilibrium selection is relevant because the sender

∗
𝛼𝑑ℎ|𝑑ℎ
≥

∗
𝛼𝑑𝑑|𝑑ℎ
(𝑦 − 1)

0.75
∗
∗
∗
𝛼𝑑𝑑|𝑑ℎ
(𝑦 − 1) + 𝛼ℎ𝑑|𝑑ℎ
(𝑦 − 𝑥) + 𝛼ℎℎ|𝑑ℎ
(0.25 − 𝑥)
0.75

focuses on the communication in the literal meanings of the
statements but understands that some level of credibility is
necessary to improve her bargaining power. Table 7 summarises the true enough property of the statements. Here, the
receiver updates his beliefs in a rational way and he chooses to
play dove if and only if it is his expected best response. We can
interpret the beliefs in Table 7 as a threshold, because if this
condition is satisfied, the sender is successful in her intention
of manipulating the receiver’s behaviour. Thus, some level of
credibility is necessary, but not at a 100% level.
It is clear that if the conflict is high, the commitment
threshold is also higher. In C1 and C2 cases the sender must
commit herself to implement the warning strategy, which
is a weakly dominant strategy. In the C3 case the strategic
movement implies a threat or a promise, formulating an
aggressive statement in order to deter the receiver from
behaving aggressively. The worst situation is the C4 case,
where there is only one way to avoid the disagreement
point, to implement a promise. The promise in this game is
a commitment that avoids the possibility of exploiting the
opponent, because fear can destroy the agreement of mutual
cooperation.
In the scope of this paper, threats are not only punishments and promises are not only rewards. There is a
credibility problem because these strategic moves imply a
lack of freedom in order to avoid the rational self-serving
behaviour in a simple one step of thinking. The paradox
is that this decision is rational if the sender understands
that her move can influence other players’ choices, because
communication is the way to increase her bargaining power.
This implies a second level of thinking, such as a forward
induction reasoning.

5. Conclusions
In this paper we propose a behavioural model following
Schelling’s tactical approach for the analysis of bargaining.
In his Essay on Bargaining 1956, Schelling analyses situations
where subjects watch and interpret each other’s behaviour,
each one better acting taking into account the expectations
that he creates. This analysis shows that an opponent with
rational beliefs expects the other to try to disorient him
and he will ignore the movements he perceives as stagings
especially played to win the game.
The model presented here captures different levels
of conflict by means of a simple parameterisation. In

10
a bilateral bargaining environment it analyses the strategic
use of binding and nonbinding communication. Our findings
show that when messages are binding, there is a first mover
advantage. This situation can be changed in favour of the
second mover, if the latter sends threats or promises in a
preplay move. On the other hand, when players have the
possibility to send nonbinding messages, their incentives to
lie depend on the level of conflict. When conflict is low, the
sender has strong incentives to tell the truth and cheap talk
will almost fully transmit private information. When conflict
is high, the sender has strong incentives to bluff and lie.
Therefore, in order to persuade the receiver to cooperate with
her nonbinding messages, the sender is required to provide a
minimum level of credibility (not necessarily a 100%).
In summary, the equilibrium that satisfies truth-telling
beliefs and sender’s bargaining power allows us to show that
the less conflict the game has, the more informative the
equilibrium signal is, and the less stronger the commitment
needed to implement it is. Our equilibrium selection is based
on the assumption that in reality people do not seem to lie
as much, or question each other’s statements as much, as
rational choice theory predicts. For this reason, the conflict
game with nonbinding messages is a good environment to test
different game theoretical hypotheses, because it is simple
enough to be implemented in the lab.
With this in mind, the strategic use of communication
in a conflict game, as illustrated in our model, is the right
way to build a bridge between two research programs:
the theory on bargaining and that on social dilemmas. As
Bolton [15] suggested, bargaining and dilemma games have
been developed in experimental research as fairly separate
literatures. For bargaining, the debate has been centred on
the role of fairness and the nature of strategic reasoning.
For dilemma games, the debate has involved the relative
weights that should be given to strategic reputation building,
altruism, and reciprocity. The benefit of the structure and
payoff scheme we propose is to study all these elements at
the same time. Our model provides a simple framework
to gather and interpret empirical information. In this way,
experiments could indicate which parts of the theory are most
useful to predict subjects’ behaviour and at the same time we
can identify behavioural parameters that the theory does not
reliably determine.
Moreover, the game presented here can be a very useful
tool to design economic experiments that can lead to new
evidence about bilateral bargaining and, furthermore, about
human behaviour in a wider sense. On the one hand, it
can contribute to a better understanding of altruism, selfishness, and positive and negative reciprocity. A model that
only captures one of these elements will necessarily portray
an incomplete image. On the other hand, bargaining and
communication are fundamental elements to understand the
power that one of the parts can have.
In further research, we are interested in exploring the
emotional effects of cheating or being cheated on, particularly
by considering the dilemma that takes place when these
emotional effects are compared to the possibility of obtaining
material advantages. To do so, it is possible to even consider
a simpler version of our model using a coarser type space
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(e.g., only hawk and dove). This could illustrate the existing
relationship between the level of conflict and the incentives
to lie. As the model predicts, the higher the level of conflict
the more incentives players have to not cooperate, but they are
better off if the counterpart does cooperate. Therefore, players
with type hawk would be more inclined to lie and disguise
themselves as cooperators. By measuring the emotional
component of lying and being lied to, we will be able to
show that people do not only value the material outcomes of
bargaining but that the means used to achieve those ends are
also important to them.

Appendix
Proof of Proposition 2. Suppose that 𝑢1 (𝑠1∗ , 𝑠2∗ ) = 𝑥 and
𝑢2 (𝑠1∗ , 𝑠2∗ ) = 𝑦; then 𝑦 ≥ 1. If 𝑠2∗ = ℎ𝑑, then 𝑢1 (𝑑, ℎ𝑑) ≥
𝑢1 (ℎ, ℎ𝑑) and 𝑥 ≥ 𝑦, but by assumption 𝑦 > 𝑥. If 𝑠2∗ = ℎℎ,
then 𝑢1 (𝑑, ℎℎ) ≥ 𝑢1 (ℎ, ℎℎ) and 𝑥 ≥ 0.25, and at the same time
𝑢2 (ℎ, ℎℎ) ≥ 𝑢2 (ℎ, ℎ𝑑). The only compatible case is 0.25 = 𝑥,
but by assumption 0.25 ≠ 𝑥. Therefore, 𝑢1 (𝑠1∗ , 𝑠2∗ ) ≠ 𝑥 and
𝑢2 (𝑠1∗ , 𝑠2∗ ) ≠ 𝑦.
̂2 be a threat or a promise.
Proof of Proposition 5. Let 𝑚
̂2∗ ) ≥ 𝑢2 (𝑠1∗ , 𝑠2∗ ).
Following Definitions 3 and 4, 𝑢2 (𝑠1∗𝑚̂ , 𝑚
∗
̂2∗ = 𝑠2∗
Suppose that 𝑠1𝑚̂ = ℎ; then there are two possibilities, 𝑚
∗
∗ ∗
∗
∗
̂2 ) ≥ 𝑢2 (𝑠1 , 𝑠2 ). If 𝑚
̂2 = 𝑠2 , then by definition 𝑚
̂2∗ is
or 𝑢2 (ℎ, 𝑚
∗
∗ ∗
̂2 ) ≥ 𝑢2 (𝑠1 , 𝑠2 ), then
neither a threat nor a promise. If 𝑢2 (ℎ, 𝑚
̂2∗ ) <
𝑠1∗ = 𝑑 or 𝑠1∗ = ℎ. If 𝑠1∗ = 𝑑, by assumption 𝑢2 (ℎ, 𝑚
∗
∗
̂2 is a threat, then 𝑢2 (ℎ, 𝑚
̂2∗ ) <
𝑢2 (𝑑, 𝑠2 ). If 𝑠1 = ℎ and 𝑚
̂2 is a promise, it must fulfill
𝑢2 (𝑠1∗ , 𝑠2∗ ). If 𝑠1∗ = ℎ and 𝑚
̂2∗ ) ≥ 𝑢2 (ℎ, 𝑠2∗ ) and 𝑢2 (𝑑, 𝑚
̂2∗ ) < 𝑢2 (𝑑, 𝑠2∗ ). The C1
𝑢2 (ℎ, 𝑚
and C2 games are not under consideration because 𝑠1∗ = 𝑑
and for C3 y C4 cases there are no messages for which these
conditions are true at the same time. Therefore, 𝑠1∗𝑚̂ = 𝑑.
Proof of Proposition 6. Let us consider the message 𝑚2 =
𝑑ℎ. By Proposition 2 we know that 𝑢2 (𝑠1∗ , 𝑠2∗ ) ≠ 𝑦, and
by assumption 𝑢1 (𝑑, 𝑑ℎ) > 𝑢1 (ℎ, 𝑑ℎ), then 𝑚2 = 𝑑ℎ is a
commitment message, because 𝑢2 (𝑑, 𝑑ℎ) = 1 ≥ 𝑢2 (𝑠1∗ , 𝑠2∗ ).
If 𝑢2 (𝑑, 𝑑ℎ) > 𝑢2 (𝑠1∗ , 𝑠2∗ ), then 1 > 𝑢2 (𝑠1∗ , 𝑠2∗ ), to satisfy this
condition and using Proposition 2 again; we conclude that
∗
∗
). As 𝑠2∗ = ℎ𝑠2ℎ
and it is part of the SPNE,
(𝑠1∗ , 𝑠2∗ ) = (ℎ, ℎ𝑠2ℎ
∗
∗
then 𝑢2 (𝑑, ℎ𝑠2ℎ ) > 𝑢2 (𝑑, 𝑑𝑠2ℎ ), and therefore 𝑦 > 1.
The proof in the other direction is as follows. Let 𝑦 > 1;
∗
. Using Proposition 2 we know that 𝑢1 (𝑠1∗ , 𝑠2∗ ) ≠
then 𝑠2∗ = ℎ𝑠2ℎ
∗
𝑥; therefore 𝑠1 = ℎ. Now 𝑢2 (𝑠1∗ , 𝑠2∗ ) < 1. As we show in
the first part, 𝑚2 = 𝑑ℎ is a commitment message such
∗
, 𝑑ℎ) = 1. Therefore, there exists a commitment
that 𝑢2 (𝑠1𝑚
∗
, 𝑚2∗ ) > 𝑢2 (𝑠1∗ , 𝑠2∗ ).
message such that 𝑢2 (𝑠1𝑚
Proof of Proposition 8. Consider the senders’ types 𝜃𝑑ℎ =
𝑑ℎ and 𝜃ℎ𝑑 = ℎ𝑑. If 𝑚2∗ is a completely truth-telling
∗
∗
= 1 and 𝛼ℎ𝑑|ℎ𝑑
= 1. By assumptions
message, then 𝛼𝑑ℎ|𝑑ℎ
𝑢1 (𝑑, 𝑠1(−𝑑ℎ) , 𝑑ℎ, 𝑚−𝑑ℎ ) = 1 and 𝑢1 (ℎ, 𝑠1(−𝑑ℎ) , 𝑑ℎ, 𝑚−𝑑ℎ ) =
∗
= 𝑑. In the same way, 𝑢1 (𝑑, 𝑠1(−ℎ𝑑) , ℎ𝑑, 𝑚−ℎ𝑑 ) =
0.25, then 𝑠1𝑑ℎ
∗
= ℎ. Therefore,
𝑥 and 𝑢1 (ℎ, 𝑠1(−ℎ𝑑) , ℎ𝑑, 𝑚−ℎ𝑑 ) = 𝑦; then 𝑠1ℎ𝑑
the utility for the sender is 𝑢𝑑ℎ (𝑑, 𝑠1(−𝑑ℎ) , 𝑑ℎ, 𝑚−𝑑ℎ ) = 1
and 𝑢ℎ𝑑 (𝑑, 𝑠1(−ℎ𝑑) , ℎ𝑑, 𝑚−ℎ𝑑 ) = 𝑥. These conditions imply
that the sender type ℎ𝑑 has incentives to deviate and 𝑚2 =
(𝑑𝑑, 𝑑ℎ, ℎ𝑑, ℎℎ) cannot be part of any PBE.
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̂2 = 𝑚
̂𝜃∗̂ be a commitment
Proof of Proposition 10. Let 𝑚
2
message in the conflict game with perfect information and
∗
̂𝜃∗̂ = 𝑚
̂2 is not a self-committing mes𝑠1𝑚∗(
= 𝑑. If 𝑚
𝜃̂2 )
2
sage, then another message 𝑚𝜃̂2 must exist such that
∗
̂𝜃∗̂ , 𝑚−∗𝜃̂ ) < 𝑢𝜃̂ (𝑠1𝑚
, 𝑚𝜃̂2 , 𝑚−∗𝜃̂ ). Given the
𝑢𝜃̂2 (𝑑, 𝑠1(−𝑚∗(𝜃̂2 )) , 𝑚
2
2
2
2
∗
̂𝜃∗̂ , 𝑚−∗𝜃̂ ) ≥ 𝑢𝜃̂ (𝑠1𝑚
,
payoff assumptions, 𝑢𝜃̂2 (𝑑, 𝑠1(−𝑚∗(𝜃̂2 )) , 𝑚
2
2
2
̂𝜃∗̂ = 𝑚
̂2 is a self𝑚𝜃∗̂ , 𝑚−∗𝜃̂ ) for every 𝑚𝜃∗̂ ∈ Θ2 . Therefore, 𝑚
2
2
2
2
committing message.
Proof of Corollary to Proposition 10. The proof to the corollary
follows from Propositions 5 and 10, and thus it is omitted.
Proof of Proposition 11. The expected utility for each receiver’s
strategy is as follows:
𝑢1 (𝑑, 𝑚𝜃2 ) = 1𝛼𝑑𝑑|𝑚(𝜃2 ) + 1𝛼𝑑ℎ|𝑚(𝜃2 ) + 𝑥𝛼ℎ𝑑|𝑚(𝜃2 ) +
𝑥𝛼ℎℎ|𝑚(𝜃2 ) ,
𝑢1 (ℎ, 𝑚𝜃2 ) = 𝑦𝛼𝑑𝑑|𝑚(𝜃2 ) + 0.25𝛼𝑑ℎ|𝑚(𝜃2 ) + 𝑦𝛼ℎ𝑑|𝑚(𝜃2 ) +
0.25𝛼ℎℎ|𝑚(𝜃2 ) ,
therefore, 𝑢1 (𝑑, 𝑚𝜃2 ) ≥ 𝑢1 (ℎ, 𝑚𝜃2 ) if and only if (1 −
𝑦)𝛼𝑑𝑑|𝑚(𝜃2 ) + (0.75)𝛼𝑑ℎ|𝑚(𝜃2 ) + (𝑥 − 𝑦)𝛼ℎ𝑑|𝑚(𝜃2 ) + (𝑥 −
0.25)𝛼ℎℎ|𝑚(𝜃2 ) ≥ 0.
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Any trust situation involves a certain amount of risk for trustors that trustees could abuse. In some cases, intermediaries exist who
play a crucial role in the exchange by providing reputational information. To examine under what conditions intermediary opinion
could have a positive impact on cooperation, we designed two experiments based on a modified version of the investment game
where intermediaries rated the behaviour of trustees under various incentive schemes and different role structures. We found that
intermediaries can increase trust if there is room for indirect reciprocity between the involved parties. We also found that the effect
of monetary incentives and social norms cannot be clearly separable in these situations. If properly designed, monetary incentives
for intermediaries can have a positive effect. On the one hand, when intermediary rewards are aligned with the trustor’s interest,
investments and returns tend to increase. On the other hand, fixed monetary incentives perform less than any other incentive
schemes and endogenous social norms in ensuring trust and fairness. These findings should make us reconsider the mantra of
incentivization of social and public conventional policy.

1. Introduction
A trust relationship is an exchange where at least two parties
interact, that is, a trustor and a trustee, and in which there is a
certain amount of risk for the former. If the trustor decides to
place trust, the trustee can honour or abuse it. If honouring
trust is costly, as what happened in one-shot interactions and
sometimes even in repeated exchanges, the trustee will have
no rational incentive to be trustworthy. Knowing this, the
trustor is hardly likely to make the first move [1].
Understanding how trust can be established in such hostile situations is of paramount importance. One of the most
interesting sociological explanations suggests that social and
economic exchanges are embedded in social contexts where
certain norms and roles have evolved to mediate between
individual interests. For instance, intermediaries might act as
advisories and mediators between the parties involved and

reputation or gossip can help to spread information about
unknown partners that helps trustors to take the risk of interaction [1–3].
Recent experimental results have shown that individuals
can overcome distrust and cooperate more frequently if
behaviour in the exchange is observed by a third party [4–
8]. This happens even when the opinion of a third party has
no consequence on the payoffs of the individuals and reputational building strategies are ruled out [9]. This indicates
that, in many real situations, third parties can reduce information asymmetry and temptations of free riding, induce
mutual trust, and ensure collective benefit. This requires
understanding why and under which conditions information
from third parties should be trusted by trustors and what
type of incentives can make judgements or recommendations
by third parties credible to the eyes of trustors. Indeed,
first, intermediaries’ opinion is often subjective. Secondly,

2
it is formulated on trustee’s past behaviour in situations
where the trustees could have strategically mimicked trustwhorty signals in view of benefits from future trustors. This
transforms the problem of trust in a “secondary problem
of trust” [10]. Here, the challenge is to understand under
what conditions, in anonymous exchanges with unknown
partners, intermediaries could be considered reliable and
how they should be motivated to provide information that
increases trust.
For instance, let us consider certain important social
and economic interactions, such as the trust relationships
between employees and managers in big companies or
between two potential partners for a relationship. In these
cases, intermediaries are called on to express their opinion
on certain attributes or behaviour, which are crucial to create
trust. Sometimes they do so voluntarily, without receiving any
material payoffs, such as someone recommending a friend as
a partner to another friend. In other cases, intermediaries are
financially motivated professionals, such as an HR manager
recommending an employee to be upgraded to his/her
company manager. Therefore, while in certain spheres of
social life, the social function of intermediaries has been
institutionalized through material incentives and roles, in
other situations informal or voluntary norms have developed.
The aim of our paper was to examine these trust problems
in triadic relations (i.e., between trustors, intermediaries,
and trustees) to better understand conditions that could
transform the intermediary opinion in a trust carrier. We
conducted two experiments where subjects played a modified
version of the repeated investment game with intermediaries
added to the typical trustor/trustee dyadic relation. We
manipulated incentives and roles of intermediaries to test
their impact on cooperation in particularly hostile conditions. For this, we meant a situation where (i) intermediaries
formulated their opinion on the trustee behaviour on a limited set of information and (ii) their opinion was not public
and (iii) did not have long-term consequences on the material
payoffs of the trustees. In this situation, intermediaries had
only a limited set of information (i) and bad standing was not
so risky for trustees (ii-iii). Hence, our experimental situation
was intentionally designed so that intermediary opinion was
poorly credible for trustors. We examined the importance of
indirect reciprocity considerations and their interplay with
material incentives and social norms. Furthermore, we tested
different ways to align intermediary’s incentives, for example,
respectively, with the trustors’ or the trustees’ interests, and
the impact of roles’ rotation.
We compared results from two laboratory experiments
Experiment 1, first reported in [11], and Experiment 2,
previously unpublished. The latter was designed to carefully
examine the effect of indirect reciprocity on the behaviour
of intermediaries—and, more generally, on trust at the
system level—since this mechanism was crucial in the first
experiment. The rest of the paper introduces our research
background and hypotheses (Section 2), presents the design
of the two experiments (Section 3) and their outcomes
(Section 4), and finally discusses certain social and policy
implications of the results (Section 5).
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2. Hypotheses
While dyadic embeddedness is important to explain trust
and cooperation in situations involving stable relationships
between two actors, in modern society trust is often mediated
by agents who facilitate the exchange between trustors and
trustees when they cannot rely on past experience [1, 12, 13].
Important examples of this have been empirically found in
the development of trust between suppliers and customers in
a variety of situations, such as in electronic markets on the
web [14, 15] and in the US venture capital market [16]. In these
cases, any chance for trust is undermined by information
asymmetry between the involved parties and does not simply
imply all-none choices, such as trusting or not, but requires a
pondered rational calculus of trust investment.
Let us consider the investment game, a typical framework
to model trust problems [17]. First, Player A (the trustor)
receives an initial endowment of 𝑑A points, with a fixed
exchange rate in real money. Then, A is called to decide the
amount 𝐼 between 0 and 𝑑A to send to Player B (the trustee),
keeping the part (𝑑A − 𝐼). The amount sent by A is multiplied
by 𝑚 > 1 and added to B’s own endowment 𝑑B . (Note that
in some investments games, including [17], B players had
no endowment; that is, 𝑑B = 0. Trustor investments tend
to be lower in experiments where 𝑑B > 0 [18].) Then, B is
called to decide the share of the amount received (plus his/her
endowment) to return to A. As before, the amount 𝑅 returned
by B can be between 0 and (𝑑B +𝑚𝐼). The amount not returned
represents B’s profit, while 𝑅 is summed to the part kept by A
to form his/her final profit. Therefore, the player’s profit is as
follows:
𝑃A = 𝑑A − 𝐼 + 𝑅,
𝑃B = 𝑑B + 𝑚𝐼 − 𝑅.

(1)

The structure of the game implies that the trustor can have
an interest in investing on condition that the expected returns
are higher than his/her own investments, that is, if 𝑅 = 𝑞(𝑑B +
𝑚𝐼) > 𝐼, where 𝑞 is the proportion returned by the trustee.
However, as the trustor can rationally presume that the
trustee has no interest in returning anything, it is rationally
expected that the trustor will not invest and trust will not
be placed, giving rise to a suboptimal collective outcome of
(𝑑A + 𝑑B ) while the social optimum (𝑚𝑑A + 𝑑B ) could have
been reached with sufficient high levels of trust. However,
empirical evidence contradicts this prediction. A recent
review of 162 experimental replications of the investment
game indicated that, on average, trustors invested about 50%
(range 22–89%) of their endowment and trustors returned
37% (range 11–81%) of their amount [18].
In this type of games, the crucial challenge is to understand the mechanisms through which the trustor estimates
the trustworthiness of the trustee by using available information. Following Coleman [1], we can identify two possible
information sources for trustors: (i) direct knowledge of
past behaviour of the trustee and (ii) knowledge of trustee
behaviour obtained by a third party with positions and
interest differently aligned to those of the other parties
involved. In both cases, information on past behaviour of
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the trustee may help the trustor in predicting the trustworthiness of the trustee, creating in turn reputational incentives
for the trustee to overcome any temptation of cheating in view
of future benefits.
While it is widely acknowledged that knowing the past
behaviour of a trustee can increase a trustor’s investment
and cooperation in dyadically embedded interaction [19–23],
the case of triadic relations is more interesting as these
relationships can compensate for the lack of direct knowledge
and contacts between actors, so enlarging the social circles
and the extent of the exchange [24]. This requires us to
understand the complex triangulation of the exchange and
especially the role of trust intermediaries, who might have
either analogous or different positions and interests to the
trustors. When positions and interests between the trustor
and the intermediary are aligned, the intermediary can act
in the trustor’s interest and the latter seriously considers the
intermediary’s opinion so that his/her decision will reflect the
available reputational information. When the intermediary
and the trustor do not have aligned interests, the outcome of
the exchange is heavily dependent on the motivations behind
the intermediary’s action [1].
In order to represent triadic relations in trust situations,
we modified the standard investment game framework by
adding to the trustor (called Player A) and the trustee (called
Player B) a third player, that is, the intermediary (called Player
C). We assumed that the intermediary could observe B past
behaviour (i.e., the amount of returns sent to A compared
to the A investment) and was called to decide whether to
provide A with honest and accurate information or not. If
credible to the eye of A, information by C is expected to
help A regulate his/her investment. If this is so, B Players
have a rational interest in building a good standing at the
eye of C and so behave more fairly with A. Therefore, if
intermediaries are trusted both by the trustors and by the
trustees it is expected to generate higher levels of cooperation
and fairness.
When modelling intermediaries’ behaviour, for the sake
of simplicity we assumed that C could only choose between
two levels of fairness: providing A with an accurate evaluation
of B (=high fairness) or sharing inaccurate or deceptive
information (=low fairness). Adapting Frey and OberholzerGee’s “motivation crowding-out” formalization [25], we also
assumed that each intermediary chooses a level of fairness (𝑓)
that maximizes his/her expected net benefit as follows:
max [𝑝 (𝑓) (𝑏 + 𝑒) + 𝑑 (𝑒, 𝑓) − 𝑘] .

(2)

Since 𝑚 > 1, any increase of investments leads to higher
stakes to share and a higher level of fairness is beneficial
to everybody. In particular, 𝑏 indicates the expected benefit
for C due to the aggregate fairness, while 𝑒 indicates his/her
expected private earnings. Given that all these figures are
expected, the intermediaries’ benefits are weighted by the
probability 𝑝 to reach a given level of fairness 𝑓. The more C
plays fair the more he/she contributes to providing a context
for fairness (𝑝𝑓 > 0).
It is worth noting that a crucial component of the model
is the intrinsic motivation of subjects (𝑑). This is expected

to increase with the overall level of fairness (𝑑𝑓 > 0) and
to decline with private material earnings due to crowdingout effects (𝑑𝑒 < 0). Finally, we assumed that a fixed small
but strictly positive cost 𝑘 of fair behaviour existed due
the cognitive requirements by C (e.g., information search,
memory, and time) to perform a thoughtful evaluation of B.
Assuming that intermediaries choose the level of fairness
𝑓∗ maximising their expected benefit, we derived the first
order condition as follows:
𝑝𝑓 (𝑏 + 𝑒) + 𝑑𝑓 = 0.

(3)

It is important to note that intermediaries could see
a benefit 𝑏 from higher levels of fairness only if they are
expected to play as A or B in the future, that is, if roles are
rotating. If roles are fixed, 𝑏 = 0 and the intermediary’s
decision depends only on the personal earnings 𝑒 and the
intrinsic motivation 𝑑. Given (3), ceteris paribus a situation
where 𝑏 = 0 is expected to lead to a lower 𝑓∗ than where
intermediaries can derive benefits from the aggregate level of
fairness by playing other roles in the future.
It is worth noting that this can be framed in terms of
indirect reciprocity [23, 26, 27]. That is the idea of benefiting
unknown trustors by punishing self-interested trustees to
keep the fairness standards high and benefit from the reciprocity of other reliable intermediaries when cast as trustors
(i.e., 𝑏 > 0). This can induce intermediaries to provide reliable
information and investors to trust reputational information.
This concatenation of strategies cannot work in a system
where interaction roles are fixed, given that intermediaries
cannot expect benefits from their evaluation as future trustors
(i.e., 𝑏 = 0). In this case, trustors cannot expect that
intermediaries provide a careful evaluation.
This led us to formulate our first hypothesis as follows.
Hypothesis 1. If roles of the interaction are fixed, indirect
reciprocity motives cannot motivate positive behaviour by the
parties involved, who will not see future benefits in keeping
the levels of fairness high. This implies that ceteris paribus the
fixed role condition will decrease fairness and cooperation.
The situation is different when the interests of intermediaries and trustors are aligned. In this case, intermediaries
receive a direct payoff 𝑒 > 0 by behaving fair. Indeed,
this interest alignment transforms the trust relationship in a
typical principal-agent model, where the intermediary (the
agent) can behave in the interest of the trustor (the principal).
In this case, the rational choice theory predicts that monetary
incentives are crucial to motivate the intermediary to act on
the trustor’s behalf, by guaranteeing that the self-interest of
the former coincides with the objectives of the latter [28].
The fact that the negative effect of monetary incentives on
intrinsic motivations (𝑑𝑒 < 0) could be compensated by
higher levels of fairness (𝑑𝑓 > 0) will lead to higher levels
of fairness and cooperation compared to the 𝑒 = 0 case.
This led us to formulate our second hypothesis as follows.
Hypothesis 2. If the intermediary responds to monetary
incentives that are aligned with the trustor’s interests, higher
levels of fairness will lead to higher cooperation in the system.
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In the symmetric case, where monetary incentives are
aligned with the trustee’s interests, intermediaries will receive
a personal payoff from being unfair. Note also that, in
this case, not only do the incentives crowd out intrinsic
motivations but also 𝑑 declines due to expected lower levels of
fairness. This is why the intermediary is in a potential conflict
of interest as he/she may be tempted to cheat the trustor by
providing opinions that benefit the trustee. Knowing this,
the trustor could be induced to question the reliability of
the intermediary’s opinion and decide not to enter into the
exchange or reduce his/her investment to minimal levels. This
is expected to erode the basis of cooperation.
This led us to formulate our third hypothesis as follows.
Hypothesis 3. When the intermediary’s incentives are aligned
with the trustee’s interests the levels of fairness will decline,
leading to lower cooperation in the system in comparison
with the situation where no monetary incentives exist.
A particular case is when intermediaries receive monetary incentives that are independent of their actions and
the level of fairness in the system, as in the case of fixed
rewards. In this case, 𝑒 will not enter the benefit calculus as
expressed by the first term of (2) as it will be earned in all
cases, while the incentive will decrease the intermediaries’
intrinsic motivation because of 𝑑𝑒 < 0, leading to low levels
of fairness. This will make the intermediary’s opinion poorly
credible for both the trustor and the trustee.
This led us to formulate our fourth hypothesis as follows.
Hypothesis 4. With intermediary’s incentives that are fixed
and independent from the interests of both the trustor and the
trustee, the levels of fairness and cooperation in the system
will be lower than in case of no monetary incentives.
Without any material interest in the exchange (𝑒 = 0),
intermediaries intrinsic motivations are expected to increase
with 𝑓. As long as roles change over time, being 𝑏 > 0
and 𝑝𝑓 > 0, subjects are expected to personally benefit
from higher levels of fairness in the system. Furthermore, the
absence of monetary incentives can transform the interaction
into a moral problem, with intermediaries induced to punish
misbehaviour by trustees even more than in other incentive
schemes [29, 30].
This led us to formulate our last hypothesis as follows.
Hypothesis 5. With alternating roles and without monetary
incentives for intermediaries, fairness will increase leading to
high levels of cooperation in the system.

3. Methods
To test our hypotheses, we built two experiments based
on a modified version of the repeated investment game
described above with 𝑑A = 𝑑B = 10 MU and 𝑚 = 3 and
with the restriction of choices to integer amounts (see the
Appendix for a detailed description of the experiments). We
extended the original dyadic game towards a third-party
game where we introduced intermediaries (Players C) not
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directly involved in the transaction but asked to rate trustees’
behaviour (Players B) for the benefit of the trustors (Players
A). The opinion of Players C was formulated individually
and was shared with both Players A and B involved in the
exchange. When selected as a C Player, the subject was
matched with one Player A and one Player B and privately
informed of the amount received and returned by the latter
in the previous period. Then, he/she was asked to rate Player
B’s behaviour as “negative,” “neutral,” or “positive.” His/her
opinion was privately displayed to Player A before his/her
investment decision. The rest of the game worked as the
standard dyadic version described above. Note that any
communication between subjects was forbidden and subjects
played anonymously with possible partners from a large pool
of subjects.
In the first experiment, game roles (i.e., trustor, trustee,
and intermediary) alternated regularly throughout the game,
with the same subject playing the same number of times
in the three roles with randomly determined partners [11].
The second experiment followed the same design except that
roles were fixed throughout the game. The aim of this second
experiment was to rule out any (indirect) reciprocity motive
from the intermediary behaviour, as the intermediary now
could not provide reliable information to expect good future
information in turn (in the trustor’s role).
More specifically, in both experiments, monetary incentives for intermediaries systematically varied across treatments according to our hypotheses. In the No incentive
treatment, intermediaries did not receive any rewards for
their task, also losing potential earnings as trustors or trustees
when selected to play in this role. In the Fixed incentive
treatment, intermediaries received a fixed payoff of 10 MU,
equal to the trustor and trustee endowments. In the A
incentive treatment, intermediaries earnings were equal to the
payoff obtained by the trustors they advised. In the B incentive
treatment, intermediaries’ earnings were equal to the payoff
obtained by the trustees they rated.

4. Results
4.1. Experiment 1 (Alternating Roles). Our experiment produced investments and returns comparable to previous
experiments in the Baseline [18] and, consistent with previous studies which introduced reputational motives [9, 22],
showed that the presence of the intermediaries dramatically
improved cooperation.
A total of 136 subjects (50% female) participated in the
experiment, held in late 2010. Both investments and returns
were higher when intermediaries were introduced, with
investments increasing from an average of 3.22 MU in the
Baseline up to 5.21 MU in A incentive and returns rising from
2.00 in the Baseline to 6.87 in No incentive (Figure 1). (Our
dataset may be accessed upon request to the corresponding
author. All statistical analyses were performed using the 𝑅
2.15.1 platform [31]. Please, note that the amounts exchanged
in the first three periods of the game, when intermediaries
had no previous information to evaluate, and in the last three
periods, when trustees knew that no further rating would take
place, were not included in the analysis.)
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Figure 1: Experiment 2 results. Average investments, returns, and CI by treatment. Bars show the standard error of the means.

Differences with the Baseline for both investments and
returns were significant at the 5% level for all treatments
except Fixed incentive, where the difference was significant
only for returns. Significant differences also existed for Player
B returns. Both No incentive and A incentive led to higher
returns than Fixed incentive (Wilcoxon rank sum tests on
individual averages, 𝑊 = 531.0, 𝑃 = 0.002 one tailed, and
𝑊 = 199.0, 𝑃 = 0.002 one tailed, resp.). There were no
significant differences between No incentive and A incentive
(𝑊 = 385.0, 𝑃 = 0.365). Differences in investments were not
considerable but still statistically significant at 5% between No
incentive and Fixed incentive (𝑊 = 508.0, 𝑃 = 0.006 one
tailed) and between A incentive and Fixed incentive (𝑊 =
176.5, 𝑃 = 0.001 one tailed).
To compare the outcome of the different treatments better, we built an indicator that considered both social welfare
and fairness, which are two aspects strictly linked with cooperation due to the social dilemma nature of the investment
game [32]. Indeed, in any investment game, trust is a doubleedged sword. On the one hand, it includes trustors who are
better-off by placing trust and so can increase the welfare of
the system by taking the risk of interaction. On the other
hand, it also includes trustees who can act in a more or
less trustworthy way, so contributing to giving rise to a
fair exchange. Following [11], in order to look at these two
sides of the this process, we built an index that combined
attention to the social welfare, which only depended on A
investments, and fairness, which depended on B returns,
which we called cooperation index (CI). The level of social
welfare is an important indicator of the system efficiency
in the different treatments. This is indicated by 𝐸 = 𝐼/𝑑A ,
where 𝐼 was A investment and 𝑑A was the endowment. This
indicator took 0 when A invested nothing and 1 when A
invested the whole endowment. Following previous research
[33–36], fairness was calculated by comparing the difference
in the payoffs to the sum of monetary gains: 𝐹 = 1 − [|𝑃A −
𝑃B |/(𝑃A + 𝑃B )], where 𝑃A and 𝑃B were the payoffs earned by A

and B Players, respectively. This was 0 when one of the players
obtained the whole amount at stake and the other received
nothing, while it was 1 when both players obtained the same
payoff. Note that no trade-off exists between maximising 𝐸
and 𝐹, given that, for any level of investment (including zero),
only the amount returned determined the fairness payoff. The
cooperation index was defined as CI = (𝐸 + 𝐹)/2. This was
0 when A Players invested nothing and B Players returned
all their endowments, grew with the growth of A investments
and a fairer distribution of final payoffs, and became 1 when A
Players invested 𝑑A and B Players returned half of their total
endowment, that is, (𝑑B + 𝑚𝐼)/2.
The treatment with the highest CI was No incentive, which
led to more fairness than any other treatment (Figure 1).
Differences in the CI were statistically significant at 10% with
A incentive and at 5% with all other treatments. The high
CI value in No incentive was especially important as in this
case, unlike A incentive, intermediaries had no monetary
incentive to cooperate with trustors. This would confirm that
the lack of monetary incentives for intermediaries implied
higher normative standards of behaviour for the other actors
involved.
4.2. Experiment 2 (Fixed Roles). A total of 244 subjects (55%
females) participated in the second experiment, which was
organized in 2011. Results showed that trust and trustworthiness were generally lower than in the first experiment.
Average investments ranged from 2.36 MU in Fixed incentive
to 3.96 MU in A incentive. Returns ranged from 2.47 MU in
Fixed incentive to 5.27 MU in A incentive. The cooperation
index ranged from 0.507 MU in the Baseline to 0.557 MU in
A incentive (Figure 2).
The only treatment leading to investments significantly
higher than the Baseline was A incentive (𝑊 = 82, 𝑃 = 0.049
one tailed), while returns were significantly higher (at the 10%
level) in both A incentive and B incentive (𝑊 = 88, 𝑃 = 0.071
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Figure 2: Experiment 2 results. Average investments, returns, and CI by treatment. Bars show the standard error of the means.

one tailed for both treatments). Finally, the cooperation index
was significantly higher than the Baseline in No incentive
(𝑊 = 351, 𝑃 = 0.019 one tailed), A incentive (𝑊 = 299,
𝑃 = 0.003 one tailed) and B incentive (𝑊 = 312, 𝑃 = 0.004),
but not in Fixed incentive (𝑊 = 462, 𝑃 = 0.288 one tailed).
4.3. Comparing the Two Experiments. A comparison between
alternating versus fixed role treatments highlighted the effects
of indirect reciprocity (Table 1). Besides lower returns in
the Baseline—a result consistent with the existing literature
[18]—investments and returns were generally higher in the
alternating roles experiment. This difference was especially
relevant in No incentive. This was one of the best performing
treatments in the first experiment, while, in fixed role treatments, investments and returns were similar to the Baseline
(i.e., without intermediaries). On the other hand, the two
treatments with sound monetary incentives led to a more
modest decrease in investment and especially, in returns.
Note also that B incentive performed similarly in the two
experiments.
In order to examine the effect of the different factors
involved in the exchange, we estimated a random effects
model using dummies indicating the fixed role experiment, each treatment, the first and the last period, and
the second half of the game as regressors (Table 2). Due
to the considerable interdependence between the observed
decisions, random effects (multilevel) regression analysis was
performed that considered the nestedness of observations at
the individual level. Results showed that fixed roles caused an
overall decrease of trust but had less effect on trustworthiness.
A incentive had a stronger impact on trustee behaviour, while
No incentive had a stronger impact on CI, that is, on the
fairness of the exchange. All conditions except Fixed incentives led to higher trust and trustworthiness than the Baseline.
Finally, all cooperation indicators declined during the game,
confirming the typical “end effect” found in previous studies
[9, 22, 37].

If we consider the behaviour of the intermediaries, we
can see that they generally played fairly, asking B Players
to return significantly more to award a more positive rating
(Table 3(a)). They were more demanding where trust was
higher, namely, in No incentive and A incentive of the alternating roles experiment. In both cases, to award a positive rating
to trustees, intermediaries asked trustees to return about onethird of the trustees’ endowments. On the other hand, in less
cooperative treatments such as No incentive or Fixed incentive
in the fixed roles experiment, they were less demanding (i.e.,
to one-sixth and even less). Moreover, negative ratings were
more frequent in the most cooperative treatments. Although
only descriptive, these results suggest that a more rigorous
reputation process took place in these conditions, despite the
overall higher trustworthiness of trustees achieved in these
treatments (Table 3(b)).
It is also important to note that trustor investments
reflected the behaviour of the intermediary. Generally,
trustors invested more when their opponents received positive ratings, less in cases of neutral ratings and even less
in cases of negative ratings (Table 4). It is worth noting
that also in this case there were no important differences
across treatments. Results suggest that trustors trusted intermediaries more when the latter gave positive ratings in No
incentives and A incentive in the alternating roles experiment.
In these cases, they invested on average 6.25 MU and 7.04 MU,
respectively. They invested less in treatments where there was
low trust, such as Fixed incentive in the fixed role condition,
where average investment of trustors was 2.43 MU even when
trustees had a positive rating.

5. Discussion
Our experiments have highlighted the crucial role of independent judges in trust situations, even when their opinions
could be viewed as subjective and/or without serious longterm future consequences for the trustee. We found that,
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Table 1: Overview of Experiments 1 and 2 results. The AR/FR column presents the ratio between the corresponding results in the alternating
and the fixed role experiment. The last two columns present Wilcoxon rank sum tests of the null hypothesis that the result distribution is the
same in the two experiments.
Treatment

Baseline

No incentive

Fixed inc.

A incentive

B incentive

A investments
B returns
B ret. (prop.)
CI
A investments
B returns
B ret. (prop.)
CI
A investments
B returns
B ret. (prop.)
CI
A investments
B returns
B ret. (prop.)
CI
A investments
B returns
B ret. (prop.)
CI

Altern. roles
Mean
SE
3.22
0.16
2.00
0.16
0.09
0.01
0.50
0.00
5.07
0.23
6.87
0.42
0.24
0.01
0.63
0.01
3.61
0.21
3.75
0.30
0.17
0.01
0.54
0.01
5.21
0.21
6.42
0.45
0.23
0.01
0.60
0.01
4.50
0.18
4.75
0.28
0.19
0.01
0.58
0.01

Table 2: Multilevel regression analysis with individual-level random
effects. Significance codes: ∗∗∗ 𝑃 < 0.001, ∗∗ 𝑃 < 0.01, ∗ 𝑃 < 0.05,
†
𝑃 < 0.1.
Dependent
(Intercept)
Fixed roles
No incentive
Fixed incentive
A incentive
B incentive
First period
Last period
Periods 16–30
A investment
Random effects
𝜎 (id)
𝜎 (residual)
Number of interactions
Number of individuals
𝐹

Investments
3.607∗∗∗
−0.962∗∗∗
1.339∗∗
0.040
1.538∗∗∗
1.075∗∗
0.066
−0.562∗∗
−0.313∗∗∗

Returns
0.154
−0.133
1.509∗∗
0.684
2.004∗∗∗
1.012†
0.954∗∗∗
−0.848∗∗
−0.420∗∗∗
0.853∗∗∗

CI
0.516∗∗∗
−0.030∗∗∗
0.090∗∗∗
0.030∗
0.083∗∗∗
0.066∗∗∗
0.024∗
−0.031∗∗
−0.010∗

1.827
2.314
4070
222
21.5∗∗∗

2.553
2.971
4070
222
320.7∗∗∗

0.054
0.118
4070
222
121.1∗∗∗

somewhat counterintuitively, the intermediary’s opinions had
a stronger effect when the intermediary had no material
interest from the exchange. If there was room for indirect
reciprocity between the parties involved, triadic relationships
could provide a moral base to overcome the negative traps

Fixed roles
Mean
SE
3.07
0.16
3.54
0.26
0.16
0.01
0.51
0.00
3.47
0.12
3.24
0.16
0.14
0.01
0.54
0.00
2.36
0.11
2.47
0.15
0.10
0.01
0.52
0.00
3.96
0.14
5.27
0.27
0.21
0.01
0.56
0.01
3.68
0.14
4.07
0.19
0.18
0.01
0.55
0.00

AR/FR
1.05
0.56
0.56
0.98
1.46
2.12
1.71
1.17
1.53
1.52
1.70
1.04
1.32
1.22
1.10
1.07
1.22
1.17
1.06
1.05

Wilcoxon
𝑊
𝑃
207.5
0.385
142.5
0.079
137.0
0.059
319.0
0.118
174.0
0.029
196.0
0.003
189.0
0.006
396.0
0.000
170.0
0.040
142.0
0.232
150.0
0.153
264.0
0.319
174.5
0.028
147.0
0.180
134.0
0.333
365.0
0.002
154.0
0.121
141.5
0.238
130.0
0.387
307.0
0.071

of self-interest. We also found that monetary incentives and
moral action were not clearly separable or substitutes [38].
If properly designed, monetary incentives for intermediaries
had a positive effect, especially on trustor’s investments,
but were less effective than social norms and reciprocity in
ensuring fair exchanges in terms of more equal distribution
of payoffs between trustors and trustees.
First, the “shadow of reciprocity” implied that intermediaries kept the standards of evaluation high to benefit good
information in turn by other intermediaries, when acting as
trustors. This in turn induced trustees to be more reliable.
Under evaluation, trustees overestimated the future impact
of their good standing and behaved more fairly. On the other
hand, having information about trustee behaviour induced
trustors to predict higher cooperative responses by trustees
and increase their investment. It is worth noting that recent
work showed that this mechanism is relatively independent of
the quality of information. For instance, in an experiment on
financial decisions in situations of uncertainty and information asymmetry similar to our experiment, [39] showed that
the availability of information from other subjects increased
risky trust investment decisions of subjects independent of
the quality of the information.
It is worth noting that the motivation crowding-out
model (2) was able to match our empirical data qualitatively.
Coherently with H1, the comparison of the two experiments
confirmed the paramount importance of indirect reciprocity
motives in trust situations. The idea that indirect reciprocity is
fundamental in human societies has been suggested by [40],
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Table 3: Summary statistics by rating. Average return proportion
by rating (a) and rating distribution per treatment (b). AR stands
for “alternating roles” and FR for “fixed roles.”
(a) Return proportion

Treatment
No incentive AR
No incentive FR
Fixed incentive AR
Fixed incentive FR
A incentive AR
A incentive FR
B incentive AR
B incentive FR
All treatments

Negative
0.14
0.13
0.08
0.11
0.15
0.18
0.14
0.19
0.15

Neutral
0.22
0.15
0.16
0.09
0.22
0.16
0.20
0.15
0.16

Positive
0.34
0.14
0.24
0.17
0.33
0.28
0.22
0.18
0.22

(b) Rating distribution

Treatment
No incentive AR
No incentive FR
Fixed incentive AR
Fixed incentive FR
A incentive AR
A incentive FR
B incentive AR
B incentive FR
All treatments

Negative
0.42
0.37
0.34
0.36
0.41
0.37
0.33
0.33
0.36

Neutral
0.22
0.26
0.31
0.30
0.25
0.23
0.29
0.22
0.26

Positive
0.36
0.37
0.35
0.34
0.35
0.40
0.38
0.44
0.38

Table 4: Average investments by treatment and rating.
Treatment
No incentive AR
No incentive FR
Fixed incentive AR
Fixed incentive FR
A incentive AR
A incentive FR
B incentive AR
B incentive FR
All treatments

Negative
3.72
2.39
1.84
2.18
3.43
2.75
3.39
2.79
2.72

Neutral
5.76
3.24
4.05
2.44
5.02
4.46
4.52
4.00
3.87

Positive
6.25
4.62
4.81
2.43
7.04
4.71
5.27
4.10
4.56

who argued that this is one of the most crucial forces in
human evolution. This has been found in different experimental settings [21, 23]. Our experiments suggest that, ceteris
paribus, indirect reciprocity explains a significant part of
cooperation also in triadic relations (Tables 1 and 2). This
indicates that evaluation systems where the roles of trustors,
trustees, and evaluators rotate could work better and more
efficiently than those in which roles are fixed.
H2 was also confirmed by our data. In both experiments
A incentive guaranteed high levels of cooperation as intermediary evaluations fostered both investments by trustors
and returns by trustees. In this treatment, trustees followed
reputation building strategies and so returned more. Furthermore, trustors considered the opinions of intermediaries

credible and used them to discriminate between “good” and
“bad” opponents. Therefore, intermediaries were functional
to encapsulate mutual trust and cooperation.
H3 was the only hypothesis not fully supported by our
data. On the one hand, B incentive led to less cooperation than
A incentive. On the other hand, B incentive unexpectedly gave
better results than the Baseline, as intermediaries were less
demanding than in A incentive to award positive ratings but
still discriminated between trustworthy and untrustworthy
B Players (Table 3). This induced trustors to consider the
opinion of reliable intermediaries and followed their ratings
independent of the misalignment of mutual interests caused
by the monetary incentives (Table 4). This would again
confirm that, in condition of information asymmetry, any
information on trustee is better than none, as in the Baseline.
The mismatch between monetary incentives and intermediary’s behaviour is interesting. Results indicated that
intermediaries did not predictably respond to incentives as
they played fairly in each treatment (Table 3). This can be
explained in terms of intrinsic motivations and the sense of
responsibility that are typically associated with such “neutral”
positions. More specifically, it is worth noting that willingness
to provide pertinent judgement by intermediaries was not
sensitive to any variations in the incentive scheme. This
would testify to the inherent moral dimension of this role.
On the other hand, even the perception that their task
was indirectly judged by the trustors, who were informed
of their ratings, could have motivated the intermediaries
to take their role seriously, independent of the incentives.
More importantly, the alternating roles protocol allowed
intermediaries to follow indirect reciprocity strategies and
so they kept the credibility and quality of their ratings high
in order to benefit from reciprocity by other intermediaries
when cast as trustors. This explains the difference between
the two experiments.
Consistent with H4, Fixed incentive led to less cooperation than other schemes. A comparison between No incentive
and Fixed incentive allows us to understand this point better.
In the alternating roles experiment, while No incentive led to
more trust and cooperation, Fixed incentive barely improved
the Baseline, that is, when intermediaries were not present.
This does not make sense in a rational choice perspective, as in both cases the incentives of intermediaries were
ambiguous. On the other hand, while intrinsic motivations
were crucial to induce intermediaries to formulate reliable
ratings in No incentive, these aspects were crowded out by
monetary incentives in Fixed incentive. This is consistent
with the motivation crowding theory [25, 41] and with many
empirical studies that showed that incentivization policies
which targeted self-interested individuals actually backfire
by undermining individual “moral sentiments” in a variety
of social and economic situations [29, 38]. In this sense,
some possible extensions of our work could examine the
relationship between crowding out effects on social norms
and the presence of different incentive schemes in more
detail. For instance, it would be interesting to understand
if different incentives for the intermediaries could influence
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future interactions between trustors and trustees without
intermediaries. This could also help us to look at self-reinforcing effects of incentives and social norms on trust.
It is worth considering that more consistent monetary
incentives for intermediaries could increase their credibility
for the other parties involved, so motivating more cooperation. Indeed, a possible explanation of the low cooperation
in Fixed incentive is that the magnitude of our monetary
incentives was sufficient to crowd out intrinsic motives of
subjects without promoting reciprocal and self-interested
behaviour, as what happened in typical monetary markets
[29]. Further work is necessary to examine this hypothesis
by testing fixed incentives of different magnitudes, although
it is worth considering that there are constraints in terms of
magnitude of incentives that can be implemented also in real
situations.
H5 was also confirmed by our results, at least in the alternating roles experiment. In this case, No incentive was the
best treatment for cooperation. On the other hand, it did
not promote trust and especially, trustworthiness when roles
were fixed. As argued above, by fixing the roles, there was
no room for indirect reciprocity strategies. The fact that
intermediaries could expect future benefits from their roles
and were subsequently cast as both trustors and trustees
induced the parties involved to believe more in the credibility
of the intermediaries’ opinion. Also in this case, further
empirical investigation is needed to compare social situations
where intermediaries have a specialised role with situations
where there is voluntarism and mixture of roles.
These findings imply that the “mantra” of incentivization
popularized by most economists as a means to solve trust
and cooperation problems, especially in economic and public
policy, should be seriously reconsidered [42]. Not only should
incentives be properly designed to produce predictable outcomes and this is often difficult, but also incentive-response
behaviour of individuals is more heterogeneous and unpredictable than expected [43]. If this occurred in a simple
laboratory game, where individuals had perfect information
and the rules of the game were fully intelligible, one should
expect even more heterogeneity of individual behaviour and
unpredictability of social outcomes in real situations.
Our results finally suggest that insisting on incentivization potentially crowds out other social norms-friendly,
endogenous mechanisms such as reputation, which could
ensure socially and economically consistent results. While
incentives might induce higher investment risks (but only if
properly designed), social norms can also help to achieve a
fairer distribution, nurturing good behaviour which can be
even more endogenously sustainable in the long run [44].

Appendices
A. Details of the Experiment Organization
All participants were recruited using the online system
ORSEE [45]. They were fully informed and gave their consent
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when they voluntarily registered on ORSEE. Data collection
fully complied with Italian law on personal data protection
(D.L. 30/6/2003, n. 196). Under the applicable legal principles
on healthy volunteers’ registries, the study did not require
ethical committee approval. All interactions were anonymous
and took place through a computer network equipped with
the experimental software z-Tree [46].
Experiment 1 (Alternating Roles). A total of 136 subjects (50%
female) participated in the experiment held at the GECS
experimental lab (see http://www.eco.unibs.it/gecs/) in the
late 2010. Each experimental session took less than one hour
and participants earned, on average, 14.82 Euro, including a
5-Euro show-up fee.
Twenty-eight subjects participated in a Baseline repeated
investment game (hereafter Baseline) set using the following
parameters: 𝑑A = 𝑑B = 10 monetary units (MU), 𝑚 = 3.
Each MU was worth 2.5 Euro Cents and subjects were paid in
cash immediately at the end of the experiment. The game was
repeated 30 times with couples who were randomly reshuffled
in each period. Players’ roles regularly alternated throughout
the game. This meant that each subject played exactly 15 times
as A and 15 times as B.
All the other treatments, each played by 27 subjects,
introduced a third player into the game (Player C) in the
role of intermediary. Once C Players were introduced, we
varied the monetary incentive schemes offered to them. In
the No incentive treatment, intermediaries did not receive
any rewards for their task, also losing potential earnings as
trustors or trustees when selected to play in this role. In
the Fixed incentive treatment, intermediaries received a fixed
payoff of 10 MU, equal to the trustor and trustee endowments.
In the A incentive treatment, intermediaries earnings were
equal to the payoff obtained by the trustors they advised. In
the B incentive treatment, intermediaries’ earnings were equal
to the payoff obtained by the trustees they rated.
Experiment 2 (Fixed Roles). A total of 244 subjects (55%
female) participated in the second experiment, which was
organized at the GECS experimental lab in the late 2011.
Participants were recruited and played as in the first experiment. Each experimental session took less than one hour
and participants earned, on average, 14.78 Euro, including a
5-Euro show-up fee.
Any overlap with the first experiment participants was
avoided, so that the two experiments could in principle be
viewed as a single experiment with a between-subject design.
The treatments were as before, with the only difference that
roles remained fixed throughout the game. Note that the fact
that roles no longer alternated actually reduced the sample
of observations per role, with a considerable consequence
especially on the treatments involving three parties (i.e., all
but the Baseline). To overcome this problem, we doubled
the number of subjects participating in No incentive, Fixed
incentive, A incentive, and B incentive, which were played
by 54 subjects each, organized in two sessions, each one
involving 27 participants.
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B. Instructions
Before the beginning of the game, participants read the game
instruction on their computer screen. Subsequently, they
filled a short test designed to check their understanding of
the game. Participants could also ask the experimenters any
further questions or issues. Here is the English translation
of the original Italian instructions. Sentences in italics are
treatment or experiment specific, whereas a normal font is
used for instructions common to all treatments/experiments.
Screen 1: Overall Information on the Experiment
(i) All these instructions contain true information and
are the same for all participants.
(ii) Please, read them very carefully. At the end, some
questions will be asked by the system to test your
understanding of the experiment.
(iii) The experiment concerns economic problems.
(iv) During the experiment, you will be asked to take decisions, upon which your final earnings will depend.
Earnings will be paid in cash at the end of the experiment.
(v) Each decision will take place through your computer
screen.
(vi) During the experiment, it is prohibited to talk with
anyone. If you do so, you will be excluded from the
experiment and you will lose your earnings. Please,
turn your mobile phones off.
(vii) For any information and question, put your hands up
and wait until an experimenter comes to your position.
(viii) During the experiment, virtual monetary units (MU)
are used that have a fixed exchange rate with real
Euros. For each MU earned in the experiment, you
will receive 2.5 Euro Cents. For example, if at the end
of the experiment, your earning is 500 MU, this means
that you will receive 12.50 Euros, plus a fixed show-up
fee of 5 Euros.
Screen 2: Interaction Rules
(i) The experiment consists of a sequence of interaction
rounds between pairs of players (Baseline).
(ii) The experiment consists of a sequence of interaction
rounds between groups of three players (all three
person treatments).
(iii) Pairs are randomly matched and change each round;
therefore, they are made up of different individuals
each round (Baseline).
(iv) Groups are randomly matched and change each
round; therefore, they are made up of different individuals each round (all three person treatments).
(v) There is no way to know who you are playing with,
nor is it possible to communicate with her/him.

(vi) In each pair, each participant will perform a different
role; roles are called “Player A” and “Player B” (Baseline).
(vii) In each group, each participant will perform a different role; roles are called “Player A,” “Player B,” and
“Player C” (all three person treatments).
(viii) Roles are randomly assigned at the beginning of the
experiment and then regularly changed for the rest of
it. For example, one participant in the pair will play a
sequence of rounds such as Player A, Player B, Player
A, Player B, Player A, and Player B, and the other one
will play a sequence such as Player B, Player A, Player
B, Player A, Player B, and Player A. Therefore, over the
experiment, all participants will play both roles the
same number of rounds (alternating roles experiment,
Baseline).
(ix) Roles are randomly assigned at the beginning of the
experiment and then regularly changed for the rest of
it. For example, one participant in the group will play
a sequence of rounds such as Player A, Player B, Player
C, Player A, Player B, and Player C, and another one
will play a sequence such as Player B, Player C, Player
A, Player B, Player C, and Player A. Therefore, over
the experiment, all participants will play all roles the
same number of rounds (alternating roles experiment,
all three person treatments).
(x) Roles are randomly assigned at the beginning of the
experiment. This means that each participant will play
in the same role throughout the whole experiment
(fixed roles experiment, all treatments).
(xi) Each participant should make one decision each
round.
(xii) The experiment lasts 30 rounds.
Screen 3: Task Structure
(i) Player A plays first and receives an endowment of
10 MU. She/he has to decide how much of it to keep for
her/himself and how much to send to Player B. Player
A can send to Player B any amount, from 0 MU to the
whole endowment (=10 MU).
(ii) The amount of MU kept by Player A is part of her/his
earning. The amount of MU sent to Player B is tripled
and assigned to Player B.
(iii) Player B also receives an endowment of 10 MU, as
Player A did.
(iv) Example 1: if Player A sends 2 MU, Player B receives 2
× 3 + 10 = 16 MU.
(v) Example 2: if Player A sends 5 MU, Player B receives
5 × 3 + 10 = 25 MU.
(vi) Example 3: if Player A sends 8 MU, Player B receives
8 × 3 + 10 = 34 MU.
(vii) Player B should decide how much of the whole
amount received to send to Player A; Player B can
send any amount to Player A from 0 MU to the entire
sum.
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(viii) The amount of MU kept by Player B represents her/his
earning; the amount of MU sent to Player A will add
up to Player A earning.
(ix) Before A and B players, respectively, take their decisions, Player C is asked to rate the decision Player B
took the previous round (since no decision has been
taken by B in the first round yet, C is not asked to rate
in the first round) (all three person treatments).
(x) Player C can rate Player B’s decision as “negative,”
“neutral,” or “positive” and the rating is communicated to both A and B Players with whom he/she is
grouped (in the first rounds, since there is no decision
undertaken by Player B yet, the rating of Player B is
assigned by the system as “unknown”) (all three person
treatments).
(xi) Player C does not receive any earnings for her/his
action (No incentive treatments).
(xii) Player C earning is fixed and is equal to 10 MU (Fixed
incentive treatments).
(xiii) Player C earning is equal to what Player A will earn at
the end of the round (A incentive treatments).
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(xiv) Player C earning is equal to what Player B will earn at
the end of the round (B incentive treatments).
(xv) Earnings will be added up each round to give the final
reward for each participant, which will be paid at the
end of the experiment.
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This paper addresses the paradox of voter turnout, wherein observed voting participation rates are far greater than what rational
choice theory would predict. Voters face multiple voting choices, stochastic voting costs, and candidates offering different economic
platforms. A combination of two approaches attempts to resolve this paradox: quantal response equilibrium (QRE) analysis, which
introduces noise into the decision-making process, and the possibility of ethical (altruism-motivated) voting. A series of laboratory
experiments empirically tests the predictions of the resulting model. Participants in the experiments are also given opportunities for
communicating online with their immediate neighbors, in order to enhance the chances that subjects would realize the possibility
of ethical voting. The results show that ethical voting occurs but gains momentum only in the presence of a vocal advocate and
even then it mostly dissipated by the second half of the session. The QRE-based model was able to explain some but not all of the
overvoting that was observed, relative to the Nash equilibrium prediction. There is evidence to suggest that communication via the
chat feature generated some of the voting and also some of the ethical voting.

1. Introduction
The paradox of voter turnout, wherein observed turnout rates
in elections are far greater than what is predicted under
rational choice theory, has been a focus of researchers in
economics and political science for over 50 years (see Geys
[1] for a survey of the theoretical literature) and remains
unresolved. Under rational choice theory, the probability of
casting a pivotal vote—making or breaking a tie—is a key
component of the motivation to vote. If the electorate is
large then the probability of casting the pivotal vote falls
to almost zero, and rational choice theory predicts that no
one will vote. This probability declines quickly, so that even
elections with relatively small electorates face this issue. And
yet, observed turnout rates in elections are far greater than
zero. For example, in the 2012 general election in the United
States the estimated turnout rate among eligible voters was
58.6%. (All turnout rates are from the United States Election
Project, http://www.electproject.org.) Even in years without a
presidential election, when turnout is generally lower, it is still
considerably higher than zero, such as the 41.8% turnout rate
in the 2010 House and Senate elections. Therefore, there has

to be some other motivation for voting beyond the probability
of one’s vote being pivotal.
Why does this paradox matter? As the fields of election
forecasting and polling analysis have expanded in order to
take advantage of the explosion in available data, interest in
these forecasts has rapidly increased. During the 2012 US
presidential campaign there was an endless flow of political
and polling analysis covered in almost every media outlet,
and the presidential campaigns devoted vast resources to
“get out the vote” efforts while using the rapidly increasing
quantities of available data to microtarget voters. In spite of
this increasing sophistication, one thing that can and often
does cause election outcomes to diverge from forecasts is the
matter of who actually votes on Election Day.
The model presented in this paper and the laboratory
experiments which test its predictions focus on the economic
motivations for voting. The payoffs that are offered by the
candidates, and the equitability (or lack thereof) of these
payoffs across groups, can be thought of as their economic
platforms. Voters also face a cost associated with voting that
models the explicit and implicit costs of going to the polls,
such as transportation costs, lost wages due to taking time
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off from work, or the opportunity cost of time. I draw from
several threads of the literature which are at the intersection
of economics and political science, and my model and
experiments augment previous work on voting behavior.
The first thread from which my model and experiments
are drawn focuses on the use of quantal response equilibrium
(QRE), a generalization of the Nash equilibrium that allows
for decision errors, to relax the assumption of perfect rationality. Building upon the framework presented in McKelvey
and Palfrey [2], and also drawing from Goeree and Holt [3],
Levine and Palfrey [4] used laboratory experiments to test
voter turnout predictions in the presence of heterogeneous
and privately known participation costs. However, in their
paper the subjects could only choose between voting and
abstaining, whereas in most elections potential voters can
choose between at least two candidates, plus the option of
abstaining. Would their results hold up if another choice were
added so that potential voters could choose between three
options: vote for one candidate, vote for the other candidate,
and abstain? The model and experimental design presented
here extend those of Levine and Palfrey [4] in this manner.
Another thread of the literature focuses on the role of ethical, or altruism-motivated, voting in generating voter turnout. Morton and Tyran [5] separated the motivations for
voting choices into selfish voting and ethical voting, following
the terminology used in the literature—voting for one’s
economic self-interest versus voting altruistically if one of the
candidates offers a lower payoff but also a more equitable
distribution of payoffs across groups of voters; however,
their equilibrium predictions were qualitative in nature. By
incorporating a similar payoff structure into the QRE-based
framework from Levine and Palfrey [4], my model can generate quantitative predictions of turnout rates against which
the experimental results can be compared. Additionally, it
can be argued that incorporating bounded rationality and
noise into the decision-making process may lead to a more
realistic representation of a world in which individuals do
not always (indeed, almost never) behave perfectly rationally.
This combination was also used in Goeree et al. [6].
Another aspect of Morton and Tyran’s [5] approach, albeit
one that was necessary given the nature of the experiment,
was that their experiment was a one-shot game. Although this
is a more accurate representation of elections than a repeated
game, in an actual election voters usually have several weeks
or months leading up to the election during which voters
can learn about and discuss the issues and the candidates’
platforms. My experiments allowed for these learning effects
during the experiment, through the inclusion of 20 rounds
(elections).
My experiments also incorporated an online chat feature
which allowed subjects to communicate before each round.
The initial purpose of this was an attempt to increase the
probability that the subjects would grasp the possibility of
ethical voting, in treatments where that was relevant—the
hope was that the subjects could clarify this (and other
points) for each other. In the end, although this effect was
indeed observed in certain cases, it also provided insight
into subjects’ motivations. The chat feature was also found to
increase voting participation rates.

Journal of Applied Mathematics
Group identity and communication within those groups
have also been shown to increase voting participation, as seen
in papers by Morton [7], Großer and Schram [8], Schram and
van Winden [9], Schram and Sonnemans [10], and Charness
et al. [11]. Kittel et al. [12], which was developed concurrently
with this paper, incorporated multiple-candidate elections,
costly voting as in Levine and Palfrey [4], and prevoting
communication. Although the focus and context of their
paper differ from mine, they found that the distribution
of earnings was more equitable when intergroup communication was allowed (analogous in some respects to the
mixed-type chat groups in this paper). Their results also show
that voting participation increases when communication is
allowed, which matches the positive effect of communication
on voting turnout that I found.
The main findings of this paper are summarized as
follows. High rates of voter turnout were observed in the
experimental data, especially when a subject voted for the
candidate offering that subject’s voter type a higher payoff
than what the other candidate was offering. Some ethical voting was observed, but not enough to explain the overvoting.
Also, most of the overvoting occurred when voters of each
type voted in their own economic self-interest and, by its very
nature, ethical voting is not a possible motive for that.
One feature that could potentially explain overvoting,
unexpectedly, is the chat feature. (This feature was not
included in the experimental design for the purpose of
increasing voter participation but rather as a method to
hopefully spread the word about the possibility of ethical
voting and also to gain insight into the motivations behind
decisions. This result was unexpected.) Because the chat was
repeated before every round and the groups remained fixed
throughout the session it set up a dynamic in which there
may have been some accountability between chat partners.
For example, one might ask the others whether they had voted
in the previous round, and if so then for which candidate.
The transcripts also showed that subjects would often urge
others to vote in a certain way or would agree to vote in
a certain way and sometimes would ask about whether/for
whom others had voted in the previous round. Additionally,
in spite of the differences in design and context, a few patterns
were observed that had also appeared in the group identity
literature, such as the emergence of subjects who persistently
encouraged others to vote (analogous to Schram and van
Winden’s [9] producers of social pressure).
The rest of the paper proceeds as follows. Section 2
describes the theoretical model and results and the experimental design, which is influenced by the predictions
generated by the theoretical model. Section 3 discusses the
empirical results. Finally, Section 4 concludes.

2. Materials and Methods
2.1. Model. This model, in which voter turnout is a participation game (Palfrey and Rosenthal [13]), is an extension of
the logit quantal response equilibrium (QRE) model used in
Levine and Palfrey [4] and Goeree and Holt [3], incorporating
the possibility of ethical voting along the lines of Morton
and Tyran [5]. Whereas Levine and Palfrey [4] only allowed
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Table 1: Payoffs (symmetric).
Candidate 𝑋
Candidate 𝑌

Type 1
𝑞
𝑞−𝜃

Type 2
𝑞−𝜃
𝑞

for the candidate that offers the higher payoff to his or her
type.
The aggregate voting probabilities for each type-candidate combination are
𝑝𝑖𝑗∗ = ∫

∞

−∞

potential voters (also referred to simply as “voters,” unless a
distinction is needed between actual and potential voters) to
choose between voting and abstaining, here they have three
choices: vote for Candidate 𝑋, vote for Candidate 𝑌, and
abstain. This better captures the reality of most elections,
in which voters choose between two or more candidates
in addition to the option of abstaining from voting. This
extension of the model also allows for a range of payoff
structures, including one which may induce ethical voting
through the presence of a “selfish” candidate who offers a high
payoff to one group of voters and a low payoff to the other and
an “ethical” candidate who offers an equitable distribution of
payoffs across groups of voters.
In this model, the voting rule is a simple plurality. Ties are
broken fairly, with the winner being picked randomly (e.g., by
a coin toss). Payoffs, the distribution of which can be thought
of as the candidates’ economic platforms, are paid according
to which candidate wins regardless of whether or for whom
the participant voted. The payoff structure for each type is
common knowledge to everyone regardless of type.
Potential voters are separated into two “types,” which
determine the payoff that each one will receive depending
on the winner of the election. Each candidate offers different payoffs to the two different voter types (Table 1). This
table shows payoffs that are symmetric in both the payoff
differences and the actual payoffs. This symmetry is not
theoretically necessary—the main takeaway from this table
is how the candidates offer different payments to each type—
but matches the experimental design used in this research.
With this payoff structure, voters of both types would face
identical incentives to vote for the candidate offering their
type the higher payoff.
Voting is modeled as being costly. This mirrors the
costs associated with voting in real-world elections such as
transportation costs, childcare, lost wages due to time off
from work, or the opportunity cost of whatever someone
would otherwise do. This cost is only incurred if someone
votes. Costs are independent draws from the same uniform
distribution, varying across both voters and elections, and
both voter types face the same distribution of costs. In
each election, each voter knows his or her own cost before
deciding whether to vote but only knows the distribution
from which others’ costs—and his or her own costs during
future elections—are drawn.
Following Levine and Palfrey [4], a quasi-symmetric
equilibrium in this model is a set of four turnout strategies
(𝜏1𝑋 , 𝜏1𝑌 , 𝜏2𝑋 , 𝜏2𝑌 ) specifying the probabilities that a member
of type 𝑖 will vote for candidate 𝑗, as a function of the
voting cost. For a quasi-symmetric equilibrium, it is assumed
that within each type everyone will use the same strategy—
although it is possible for members of each type to vote for
either candidate, in the Nash equilibrium any voting will be

𝑐𝑖𝑗∗

𝜏𝑖𝑗 (𝑐) 𝑓 (𝑐) 𝑑𝑐 = ∫

−∞

𝑓 (𝑐) 𝑑𝑐 = 𝐹 (𝑐𝑖𝑗∗ )

(1)

for each combination of voter type 𝑖 and candidate 𝑗.
There is a cutpoint cost level 𝑐𝑖𝑗∗ below which, in the Nash
equilibrium, the probability of voting equals one and above
which the probability of voting is zero. At the cutpoint, the
voter is indifferent. These cutpoints are expressed as
𝑐𝑖𝑗∗ =

(𝑉𝑖𝑗 − 𝑉𝑖𝑚 )
2

× (Pr (make tie)𝑖𝑗 + Pr (break tie)𝑖𝑗 ) ,
(2)

where 𝑉𝑖𝑗 is the payoff received by a member of voter type
𝑖 if candidate 𝑗 wins the election, and where 𝑚 indexes the
other candidate. This is the difference between the payoff
received and the payoff that would have been received if the
other candidate had won (the payoff difference). In the Nash
equilibrium nobody would vote for the candidate offering
one’s type the lower payoff because the payoff difference
would be negative, implying a negative cost cutpoint in which
case no cost would be low enough to induce voting. These
cutpoints are set to zero because costs cannot be negative.
The term (1/2) × (Pr(make tie)𝑖𝑗 + Pr(break tie)𝑖𝑗 ) is
the probability that a vote cast by a member of type 𝑖 for
candidate 𝑗 will be pivotal (henceforth referred to as the
“pivotal probability”). The one-half is there because, in the
presence of two candidates, if someone’s vote makes a tie then
there is a 50% chance that this voter’s chosen candidate will
win (and that the vote will have been pivotal)—the winner of
a tie is determined randomly. If someone’s vote breaks a tie
then there is a 100% chance that his or her chosen candidate
will win. However, because there was already a 50% chance
that this candidate would have won in the event of a tie, there
would only be a 50% chance that the vote that broke the tie
changed that candidate’s outcome from losing to winning.
Further details about the calculation of the pivotal probability
can be found in Appendix A.
The expected payoff differences of voting for candidate 𝑗
as a member of type 𝑖, net of costs, are expressed as
𝜋𝑘,𝑖𝑗 = (𝑉𝑖𝑗 − 𝑉𝑖𝑚 ) × Pr (pivotal)𝑖𝑗 − 𝑐𝑘 ,

(3)

where 𝑉𝑖𝑗 is the payoff received by a member of type 𝑖 if
candidate 𝑗 wins the election and 𝑐𝑘 is the voting cost faced
by a given person in a given election. 𝜋𝑘,𝑖𝑗 can be thought of
̃𝑘,𝑖𝑗 = 𝜋𝑘,𝑖𝑗 +𝜀𝑘,𝑖𝑗 , where 𝜀𝑘,𝑖𝑗 is independent
as a component of 𝜋
and identically distributed extreme value. This produces the
logit model that is shown below.
Quantal response equilibrium (QRE) analysis, introduced in McKelvey and Palfrey [2], allows for “noise” in
the decision-making process for voting. This process is often
influenced by factors such as emotions, perception biases,
voter error, unobserved individual heterogeneity, and other
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𝑝𝑘,vote𝑖𝑗 =

𝑒𝜆𝜋𝑘,𝑖𝑋

𝑒𝜆𝜋𝑘,𝑖𝑗
.
+ 𝑒𝜆𝜋𝑘,𝑖𝑌 + 𝑒𝜆𝜋𝑘,𝑖𝑎

(4)

This can be simplified, for a type 𝑖 voter choosing 𝑗 (where the
choices are only vote for 𝑋 or vote for 𝑌) and facing cost 𝑘, as
𝑝𝑘,𝑖𝑗 =

𝑒𝜆𝜋𝑘,𝑖𝑗
.
1 + 𝑒𝜆𝜋𝑘,𝑖𝑋 + 𝑒𝜆𝜋𝑘,𝑖𝑌

(5)

1
0.9
0.8
0.7
Pr (vote)

sources of noise. The QRE introduces decision errors via a
logit probabilistic choice rule according to which participants
make their voting choices.
Under QRE, the best response functions are probabilistic
rather than deterministic. Although “better” responses are
more likely to be observed than “worse” responses, the
“worse” responses are still observed because choice has a
stochastic element. Thus, the assumption of perfect rationality is relaxed in favor of bounded rationality. As the
amount of noise decreases—and the QRE approaches the
Nash equilibrium—voters become increasingly likely to make
choices that are consistent with the Nash equilibrium. In its
most general form, the logit probability of choice “𝑥” takes
the form 𝑃(𝑥) = 𝑒𝜆𝜋𝑥 / ∑𝑖 𝑒𝜆𝜋𝑖 , where 𝜋𝑖 is the expected payoff
from making choice 𝑖 and 𝜆 is the logit precision parameter.
The denominator ∑𝑖 𝑒𝜆𝜋𝑖 sums across all possible choices,
summing to 1.
As the precision parameter 𝜆 increases, the level of noise
decreases and the level of precision in decision making
improves. As this happens, the ratio of “better” responses
to “worse” responses improves. When 𝜆 is very large (very
high precision/very low noise), the solution approaches the
Nash equilibrium, with all or almost all decisions matching the Nash equilibrium outcome. (Strictly speaking, this
convergence only holds for the principal branch of the
QRE when there are multiple equilibria. However, for the
model presented here the results were robust across a wide
range of starting points.) As 𝜆 approaches zero (very low
precision/very high noise), voting participation decisions
approach randomness (50% if there are two choices, 33%
if there are three choices, etc.) as the probabilities of “better” responses and “worse” responses become increasingly
similar.
In the context of this model, a Nash equilibrium would
correspond to a sharp drop in the response function at the
cost cutpoint, where the probability of voting would equal one
if facing a cost below 𝑐∗ and would equal zero if facing a cost
above 𝑐∗ . For an intermediate level of noise, the cost cutpoint
would affect the decision of whether or not to vote but the
response function would not be as sharp because noise would
lead to some instances of voting (or abstaining) even when the
cost is above (or below) the cutpoint. A very low 𝜆 (very high
noise level/very low level of precision) would correspond to
a cutpoint that is effectively irrelevant, where the size of the
cost would have very minimal or no effect on the decision of
whether or not to vote. This can be seen in Figure 1.
The logit quantal response function, which can be
thought of as the logit probability of a member of type 𝑖
making voting choice 𝑗 (where the choices are vote for 𝑋, vote
for 𝑌, and abstain) and facing cost 𝑘, is shown by

0.6
0.5
0.4
0.3
0.2
0.1
0

c∗
Nash equilibrium
Some noise
High noise

Figure 1: Logit response function relative to cost cutpoint 𝑐∗ .
Table 2: Payoffs (asymmetric).
Candidate 𝑋
Candidate 𝑌

Type 1
𝑞+𝜃
𝑞

Type 2
𝑞−𝜃
𝑞

In the presence of random costs, these response functions
have to be averaged across all possible costs (for a given
type-candidate combination) in order to arrive at the average
response probability of type 𝑖 voting for candidate 𝑗. After
averaging across costs, the probabilities are (𝑝𝑖𝑋 , 𝑝𝑖𝑌 , 1 −
𝑝𝑖𝑋 − 𝑝𝑖𝑌 ), where the third probability is the probability of
abstaining.
The logit precision parameter, 𝜆, is estimated using the
likelihood function:
log 𝐿 = ∑ (𝑁1𝑋,𝑙 × ln (𝑝1𝑋,𝑙 ) + 𝑁1𝑌,𝑙
𝑙

× ln (𝑝1𝑌,𝑙 ) + (num obs1,𝑙 − 𝑁1𝑋,𝑙 − 𝑁1𝑌,𝑙 )
× ln (1 − 𝑝1𝑋,𝑙 − 𝑝1𝑌,𝑙 ) + 𝑁2𝑋,𝑙

(6)

× ln (𝑝2𝑋,𝑙 ) + 𝑁2𝑌,𝑙 × ln (𝑝2𝑌,𝑙 )
+ (num obs2,𝑙 − 𝑁2𝑋,𝑙 − 𝑁2𝑌,𝑙 )
× ln (1 − 𝑝2𝑋,𝑙 − 𝑝2𝑌,𝑙 )) ,
where 𝑁𝑖𝑗,𝑙 is the total number of votes by members of type
𝑖 for candidate 𝑗 that were observed during treatment 𝑙 (or
session) and num obs𝑖,𝑙 is the total number of observations
for someone of type 𝑖 in treatment 𝑙. These observations
include decisions for any of the three possible choices: vote
for Candidate 𝑋, vote for Candidate 𝑌, and abstain.
One of the contributions of this paper is the incorporation
of ethical (altruism-motivated) voting into a QRE framework.
Table 2 shows the payoffs for an ethical candidate and a selfish
candidate (following the terminology used in the literature).
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The selfish candidate offers a high payoff to one voter type
and a low payoff to the other type. The ethical candidate
offers payoffs that have a more equitable distribution across
types. In this respect, the payoff structure follows Morton and
Tyran [5]. In Table 2, the ethical candidate offers payoffs that
are equal across types. Also, the difference between the high
and low payoffs is the same for both types. Neither of these
features—the ethical candidate offering exactly equal payoffs
or setting payoffs so that the payoff difference is the same for
both types—are necessary, but it matches the experimental
design that was used in this research.
In Table 2, 𝑞 and 𝜃 stand for the baseline equitable payoff
and the payoff difference, respectively. Candidate 𝑋 is the
selfish candidate and Candidate 𝑌 is the ethical candidate.
Candidate 𝑌’s payoffs maximize the minimum payoff and
also minimize the difference between the payoffs received by
the two types. Members of Type 1 receive a higher payoff
if Candidate 𝑋 wins but may be motivated by altruism to
vote for Candidate 𝑌 even though they would receive a lower
payoff if this candidate won the election. This is ethical voting.
On the other hand, members of Type 2 receive a higher payoff
if Candidate 𝑌 wins and would have no rational motive for
voting for Candidate 𝑋 because this candidate offers them a
lower payoff and offers inequitable payoffs.
Selfish voting happens when economic self-interest is
acted upon by voting for the candidate who offers one’s
type a higher payoff. This would happen when Type 1 votes
for Candidate 𝑋 or when Type 2 votes for Candidate 𝑌.
As discussed above, ethical voting happens when altruism
outweighs economic self-interest and this would happen—
at least potentially—when Type 1 votes for Candidate 𝑌. It is
also possible that this would occur because of noise. This is
one example of how the chat feature proves useful for gaining
insight into the motives behind voting decisions. There is no
rational motive for Type 2 to vote for Candidate 𝑋; therefore,
this voting choice would be due to noise.
One difference between this design and Morton and
Tyran’s [5] is that in this design the aggregate payoffs are the
same across candidates. I designed it this way so that, in the
absence of ethical motives, equilibrium predictions would be
the same across symmetric and asymmetric payoff structures
for a given electorate size and a given noise level.
Ethical voting can be divided into two categories: ethical
expressive and ethical instrumental. For ethical expressive
voting, utility (or, in this model, implicit payoff) is gained
from the act of voting for the ethical candidate regardless of
the outcome of the election. This is along the lines of a warm
glow parameter, as in Andreoni [14]. It is captured by the 𝛼
term in the net expected payoff difference equation below
for someone of Type 1 voting for Candidate 𝑌 and facing a
person- and election-specific cost 𝑘:
𝜋1𝑌 = (𝑉1𝑌 − 𝑉1𝑋 ) × Pr (pivotal)1𝑌 − 𝑐𝑘 + 𝛼.

(7)

Because ethical expressive voting is an additive term, it is
independent of the pivotal probability. Therefore, it would
increase the turnout rate even as the pivotal probability
decreases, mitigating or even possibly outweighing the effect
of the declining pivotal probability. The other three net

expected payoff difference equations, for the other typecandidate combinations, remain the same as in (3).
For ethical instrumental voting, utility is gained if the
ethical candidate wins. Therefore, the utility/payoff gain is
tied to the probability of one’s vote for that candidate being
pivotal. This is captured in the 𝛿 term in the equation below:
𝜋1𝑌 = (𝑉1𝑌 − 𝑉1𝑋 + 𝛿) × Pr (pivotal)1𝑌 − 𝑐𝑘 .

(8)

In the presence of either ethical instrumental or ethical
expressive voting, the estimation procedure for 𝜆 and 𝛼 or for
𝜆 and 𝛿 is the same as before except that now two parameters
are being estimated. In each case either 𝛼 or 𝛿, respectively, is
identified through an exclusion restriction because the ethical
voting parameter only appears in one of the four net expected
payoff difference equations. Therefore, 𝜆 is pinned down by
the other three net expected payoff difference equations and
then 𝛼 or 𝛿 is pinned down given 𝜆.
In this model, it is not possible to simultaneously model
both ethical expressive and ethical instrumental preferences.
In that case, the net expected payoff difference equation
would be
𝜋1𝑌 = (𝑉1𝑌 − 𝑉1𝑋 + 𝛿) × Pr (pivotal)1𝑌 − 𝑐𝑘 + 𝛼.

(9)

However, because 𝛼 = 𝛿 × Pr(pivotal)1𝑌 there are an infinite
number of possible combinations and 𝛼 and 𝛿 cannot be
separately identified.
2.2. Experimental Design. These theoretical predictions were
empirically tested through a series of laboratory experiments.
All sessions were conducted in the Veconlab Experimental
Economics Laboratory at the University of Virginia on
undergraduate students, using Veconlab software. There were
180 subjects—109 male and 71 female—across a total of 12
sessions. Each subject could only participate in one session;
therefore, all subjects were inexperienced at the start of
their respective sessions. Additionally, each session utilized
only one treatment, so each subject only participated in
one treatment. The average payout per subject was $35,
including a $6 payment for showing up, and individual
payouts depended upon individual decisions as well as the
collective voting outcome.
Each session consisted of 20 rounds, or elections. Each
subject was randomly assigned to one of two voting types,
Type 1 and Type 2, at the start of the session and remained
at that same type throughout the entire session in order to
avoid reciprocity effects. Within each session, equal numbers
of subjects were assigned to both types.
There were three possible choices: vote for Candidate 𝑋,
vote for Candidate 𝑌, and abstain. Anyone from either voter
type could vote for either candidate. In the experiment, elections were referred to as rounds and candidates were referred
to as options, as in “Option 𝑋” and “Option 𝑌,” in an attempt
to keep the language as neutral as possible. Throughout this
paper, “round” and “election” will be used interchangeably
and the options will be referred to as “Candidate 𝑋” and
“Candidate 𝑌” except in instances in which the word choice
is relevant to the discussion at hand.
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As discussed in the previous section, whichever candidate
garnered the most votes within a round was declared the
winner, with ties decided with a virtual coin flip. After
the conclusion of each round, all subjects were told which
candidate had won and the total number of votes for each
candidate (but not the breakdown of how many of those
were cast by members of each type). Each candidate offered
different payoffs to each voter type, and subjects were paid the
amount that had been promised to their type by the candidate
who won in that round, regardless of whether or for which
candidate they had voted. At the end of the session, subjects
were paid their cumulative earnings.
In each round, each subject drew a voting cost from
the same distribution. Costs ranged from $0 to 0.42, in
increments of $0.02. This increment was chosen so that there
were 22 possible costs and 20 rounds, meaning that, on
average, there would be a good chance of a subject drawing
almost all of the possible costs over the course of the session.
The upper bound of the range of costs was chosen
to generate at least some abstention. Along the lines of
Levine and Palfrey [4], the payoff from making or breaking
a tie would equal (𝑉𝑖𝑗 − 𝑉𝑖𝑚 )/2 for a member of type 𝑖
voting for candidate 𝑗, where 𝑚 is the other candidate. For
both the asymmetric and symmetric treatments, the payoff
from making or breaking a tie would equal $0.25 for both
types, according to the payoffs detailed below. Therefore, for
subjects who drew a cost greater than this, abstention was
the strictly dominant strategy. If there were a cost equal to
$0.25 then abstaining would be the weakly dominant strategy
of a subject who drew this cost, but this was not a possible
draw because of the $0.02 increment size. The highest possible
cost was set above the payoff from making or breaking a
tie so that there would not exist an equilibrium in which
the probability of voting was equal to one (i.e., in order to
generate at least some abstention in equilibrium) Note that 𝑉𝑖𝑗
is assumed to be the higher payoff. As detailed earlier, there
would be no cross-voting in the Nash equilibrium because
the payoff differences would be negative, leading to a negative
cost cutpoint.
At the end of the session, subjects participated in an
exercise to elicit the subjects’ perceived probabilities that their
vote was/would have been pivotal in the final round, to test
the relationship between voting turnout and the (perceived)
probability of casting a pivotal vote. An analysis of the elicited
probabilities showed a significant and positive relationship
between the elicited probabilities and voting decisions—
subjects who thought that they had a higher probability of
being pivotal were more likely to have voted in the final round
and with lower elicited probabilities were less likely to have
voted. This section is available from the author upon request.
The subjects’ computer screens showed short “backstories” next to each candidate’s offered payoffs in the typecandidate payoff chart. The purpose of these was to help
the subjects in the treatments with asymmetric payoffs
realize the possibility of ethical voting. However, in order
to avoid inadvertently encouraging or leading some subjects
to vote in a certain way—as had happened in some of the
pilot experiments—neutral wording was used here. The new
backstories merely repeated the payoffs in words.
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The backstories for asymmetric payoffs read as follows:
“Option 𝑋 will implement an investment that pays $2 to
Type 1 voters and $1 to Type 2 voters” and “Option 𝑌 will
implement an investment that pays $1.50 to both Type 1 and
Type 2 voters.” For symmetric payoffs, the backstories were as
follows: “Option 𝑋 will implement an investment that pays
$1.50 to Type 1 voters and $1 to Type 2 voters” and “Option
𝑌 will implement an investment that pays $1 to Type 1 voters
and $1.50 to Type 2 voters.”
Before the voting began in each round, subjects were able
to chat online with their “neighbors” according to the ID
number that had been assigned upon first logging into the
program. For example, ID 3 could chat with ID 2 and ID 4.
Meanwhile, ID 4 could chat with ID 3 and ID 5. The subjects
with ID numbers at either end—ID 1 and ID 12 or ID 18,
depending on the session size—were in the same chat group,
creating a circular network. Subjects could also see the voter
type of each of the other two subjects in their chat groups. The
chat period lasted exactly one minute in each round, and it
was not possible for anyone to submit a voting decision until
after the chat ended.
This design models some features of real world discussions about politics. For example, most people only discuss
an upcoming election with people whom they know directly
(friends, family members, possibly coworkers, etc.). Even
for those who broadcast their views on social media, the
number of people who are on the receiving end of that is
still small relative to the total size of the electorate. Given the
small electorate size in this experiment, limiting a subject’s
chat circle to only two other people roughly mirrors this.
Additionally, the overlapping group structure mirrors the fact
that social groups are not self-contained, so that ideas or
information can potentially be spread to a large number of
people.
Furthermore, most of the chat groups contained members
of both voting types. This was done to reflect the fact
that most people have family members, friends, colleagues,
acquaintances, and so forth who hold different political views
than they do. (This differs from the focus of much of the group
identity literature on the effects of communication within
groups of voters.) Some subjects were part of a majority
within their chat group and others were the minority, and in
a few cases the subject was in a group consisting entirely of
that subject’s type.
Finally, the chat transcripts are extremely useful for
providing insight into the subjects’ motivations for voting a
certain way or for abstaining altogether.
The experiment was divided into four treatments, which
were designed to test the effects of electorate size—and
thereby the role of the probability of casting a pivotal vote—
and the possibility of ethical voting. First, the number of
subjects per session—which can also be thought of as the
size of the electorate—was varied. Half (six) of the sessions
had 12 subjects per session, and the remaining sessions had
18 subjects. According to the underlying theory, the turnout
rate should fall as the electorate size increases because the
probability of one’s vote being pivotal decreases. Second, the
payoffs were varied so that in half of the sessions the subjects
faced symmetric payoffs and in the other half the payoffs were
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Table 3: Symmetric and asymmetric payoffs.

Candidate 𝑋
Candidate 𝑌

Asymmetric
Type 1
Type 2
$2.00
$1.00
$1.50
$1.50

Symmetric
Type 1
Type 2
$1.50
$1.00
$1.00
$1.50

asymmetric. These payoffs, which were common knowledge
within a session, can be seen in Table 3.
In the treatments with asymmetric payoffs, Candidate 𝑋
was the selfish candidate, offering a high payoff ($2.00) to
Type 1 subjects and a low payoff ($1.00) to Type 2 subjects. The
ethical candidate, Candidate 𝑌, offered equal payoffs to both
voter types. These payoffs maximize the minimum payoff and
minimize the difference between the payoffs received by the
two groups—indeed, in this design members of both groups
would receive the same payoff. The payoff of $1.50 for each
group that was received by subjects of both voter types if
Candidate 𝑌 won was lower than what Type 1 subjects would
receive and higher than what Type 2 subjects would receive
if Candidate 𝑋 won. This design was inspired by Morton and
Tyran [5].
To account for the possibility that Candidate 𝑋 being
listed first on the table (or 𝑋 coming before 𝑌 alphabetically)
might have affected voting decisions, the roles of ethical
and selfish candidates were reversed in roughly every other
asymmetric session so that Candidate 𝑋 offered the equal
payoffs and Candidate 𝑌 offered the inequitable payoffs.
Everything else remained the same. No meaningful difference
was observed in the data. In the final data, 𝑋 and 𝑌 were
reversed back for these sessions to make the data consistent
with the other sessions.
Under this payoff design, members of Type 1 may face
conflicting incentives in choosing a candidate. Type 1 subjects
would maximize their earnings if Candidate 𝑋 won but might
also decide to vote for Candidate 𝑌 for altruistic reasons.
In the symmetric payoff design, the two candidates
offered payoffs that were mirror images of each other. This
meant that members of both voter types had the same
economic incentives to vote for the candidate who was
offering one’s type the higher payoff. Each candidate was
equally inequitable, so there was no possibility of ethical
voting here. These treatments served as a control, to measure
the effect of noise in the decision-making process in the
absence of any potential for ethical voting.
Each of the four treatments was a combination of session
size (12 or 18) and payoff structure (asymmetric or symmetric).
The payoffs shown in Table 3 were set such that the
equilibrium predictions of voting turnout rates were the same
across asymmetric and symmetric payoff structures because
the difference between the two candidates’ offered payoffs
is identical across the two payoff structures so that the net
expected payoff difference in functions from (3) remains the
same.
Meanwhile, the number of subjects per session would
affect the turnout predictions through the effect of the probability of one’s vote being pivotal on the net payoff function.

Table 4: (a) Predicted turnout probabilities and cost cutpoints (12
subjects). (b) Predicted turnout probabilities and cost cutpoints (18
subjects).
(a)

𝑝1𝑋
𝑝1𝑌
𝑝2𝑋
𝑝2𝑌
𝑐1𝑋
𝑐1𝑌
𝑐2𝑋
𝑐2𝑌

𝜆 = 100 (Nash) 𝜆 = 7 (L and P, 2007) 𝜆 = 0.2 (high noise)
0.2996
0.3069
0.3333
0
0.0793
0.324
0
0.0793
0.324
0.2996
0.3069
0.3333
0.122
0
0
0.122
(b)

𝑝1𝑋
𝑝1𝑌
𝑝2𝑋
𝑝2𝑌
𝑐1𝑋
𝑐1𝑌
𝑐2𝑋
𝑐2𝑌

𝜆 = 100 (Nash) 𝜆 = 7 (L and P, 2007) 𝜆 = 0.2 (high noise)
0.2608
0.3069
0.3333
0
0.0793
0.324
0
0.0793
0.324
0.2608
0.3069
0.3333
0.122
0
0
0.122

These both decrease (increase) as the electorate size increases
(decreases). Therefore, the predicted turnout probabilities for
a session with 18 subjects—regardless of whether it is a session
with asymmetric or symmetric payoffs—are lower than those
for sessions with 12 subjects, all else equal.
Tables 4(a) and 4(b) show the predicted turnout probabilities for the Nash equilibrium (extremely high 𝜆), for 𝜆 = 7
(the value that was estimated in Levine and Palfrey, 2007), and
for extremely high noise (very low 𝜆). The predictions for a
session with 12 subjects are shown in (a), and the predictions
for a session with 18 subjects are shown in (b).
In Tables 4(a) and 4(b), 𝑝𝑖𝑗 is the predicted probability
that a member of type 𝑖 would vote for candidate 𝑗. The
probability of a member of type 𝑖 abstaining is (1 − 𝑝𝑖𝑋 − 𝑝𝑖𝑌 ).
As shown in Tables 4(a) and 4(b), the probability of
voting is increasing in the amount of noise (decreasing in
the amount of precision). This is true for both own-voting
and cross-voting, where own-voting is defined as voting for
the candidate offering one’s type the higher payoff and crossvoting is defined as voting for the candidate offering one’s
type the lower payoff. However, it is much more pronounced
for cross-voting. In the Nash equilibrium, there is no crossvoting because in the presence of extremely high levels of
precision (low noise levels) in the decision-making process,
and in the absence of altruism, nobody would choose to
vote for the candidate offering them a lower payoff because
it would imply a negative expected payoff difference and a
negative cost cutpoint. As the level of noise increases/the level
of precision falls, it becomes increasingly likely that at least
some of the subjects would cross-vote in spite of the negative
expected payoff difference.
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Table 5: Predicted turnout probabilities for different levels of ethical preferences (𝛼).

For 𝜆 = 7
Type 1 for Candidate 𝑋
Type 1 for Candidate 𝑌
Type 2 for Candidate 𝑋
Type 2 for Candidate 𝑌
Candidate 𝑋 (% of all voters)
Candidate 𝑌 (% of all voters)

𝛼=0
0.3071
0.0793
0.0793
0.3071
0.1932
0.1932

𝛼 = 0.1
0.2708
0.1575
0.0818
0.2921
0.1763
0.2248

For a session with 12 subjects (Table 4(a)) the cost
cutpoint is $0.122, which means that there are seven possible
costs—between $0.00 and $0.12—that are low enough that
someone would vote (for the candidate offering one’s type the
higher payoff) with probability of 1. Seven out of 22 possible
costs equal approximately 30%, which is in line with the
turnout probabilities in the Nash equilibrium. For a session
of 18 subjects (Table 4(b)), the cost cutpoint is $0.1047, which
means that there are six possible costs—between $0.00 and
$0.10—that are low enough to induce someone to vote. Six
out of 22 possible costs equal approximately 27%, which is in
line with the turnout probabilities in the Nash equilibrium.
One other thing to note is that as the noise level increases
to the point where subjects are deciding randomly, the highest
possible predicted turnout rate will be 33% (33% of each type
would choose Candidate 𝑋, 33% would choose Candidate 𝑌,
and 33% would abstain). This is much lower than the 50%
probabilities that would be the case if they could only choose
between voting and abstaining, such as in Levine and Palfrey
[4]. This will affect the ability of QRE to explain large amounts
of overvoting, as will be discussed in the results section.
Additionally, the model predicts that increasing levels
of ethical preferences can increase the percentage of the
electorate voting for the ethical candidate and decrease the
percentage voting for the selfish candidate (Table 5). (As in
Table 4, the first four rows of Table 5 measure the percentage
of that voters’ type who vote for a given candidate. The last
two rows, capturing the voting decisions across voter types,
measure the percentage of all voters.) As the level of altruism
increases, ethical voting would reduce the closeness of the
race, which in turn would decrease the probability of casting
a pivotal vote. This loss of pivotality would not matter for the
ethical voters, whose increasingly strong altruistic motivation
would outweigh this, but it would lead those who would have
voted for the selfish candidate to abstain.

3. Results and Discussion
There are several themes that appear throughout the results.
The first is that voter turnout far exceeded even the highest
possible turnout predicted by QRE. This was largely concentrated in votes for the candidate offering the higher payoff
to that subject’s voter type and as such is not due to ethical
voting. This indicates a strong economic self-interest. In
addition, contrary to the predictions of the model—which
were that, in the absence of altruism, the number of subjects
(size of the electorate) would affect turnout but the symmetry
of the payoff structure would not—the number of subjects

𝛼 = 0.25
0.1606
0.3988
0.1059
0.2347
0.13325
0.31675

𝛼 = 0.5
0.0295
0.8232
0.1629
0.175
0.0962
0.4991

𝛼 = 0.75
0.0052
0.9637
0.1702
0.171
0.0877
0.56735

𝛼=1
0.0009
0.9934
0.1707
0.1708
0.0858056
0.5821

had no significant effect and turnout was significantly higher
in sessions with symmetric payoffs relative to those with
asymmetric payoffs. (However, the lack of a size effect is not
entirely surprising considering that the theoretical differences
in economically self-interested voting rates were not very
large, as seen in Tables 4(a) and 4(b).) Third, some ethical
voting (where motives were confirmed through the chat
transcripts) and potentially ethical voting were observed;
however, it was mostly found only under certain conditions
and not enough was observed to explain the overvoting.
3.1. Terminology. Before getting into the analysis, some terminology that is used throughout this section needs to be
defined. “Turnout” refers to all voting, regardless of type or
candidate. “Favored” refers to votes for the candidate who
offers that subject’s type a higher payoff than what the other
candidate offers: Type 1 for Candidate 𝑋 and Type 2 for
Candidate 𝑌. Similarly, “unfavored” refers to votes against
their economic self-interest—Type 1 for Candidate 𝑌 and
Type 2 for Candidate 𝑋. The unfavored category does not
distinguish between potentially ethical voting—Type 1 voting
for 𝑌 in a session with asymmetric payoffs—and cross-voting
that is done for other reasons.
3.2. Voting Turnout Rates
3.2.1. Overview. The overall turnout rates, averaged across all
rounds and broken down by type-candidate combinations,
can be seen in Table 6(a).
The turnout rates for the candidates offering each type
a higher payoff—Candidate 𝑋 if Type 1 and Candidate 𝑌 if
Type 2—are much higher than even the highest turnout rates
predicted under QRE for any type-candidate combination,
which topped out at 33% even in the presence of the highest
possible levels of noise. Possible reasons for this overvoting,
even relative to QRE predictions, will be addressed later.
The second observation is that potentially ethical voting—
Type 1 voting for Candidate 𝑌 in treatments with asymmetric
payoffs—is higher than nonaltruistic cross-voting in these
same treatments, which is Type 2 for Candidate 𝑋. In
the treatments with symmetric payoffs, where there is no
possibility of ethical voting, this is not the case.
There are two other notable relationships in the data. The
first is that the turnout rate is higher, for all type-candidate
combinations, in the treatments with symmetric payoffs
than in those with asymmetric payoffs. This contradicts
the model’s prediction, which was that there would be no
difference in turnout between the two payoff structures
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Table 6: (a) Voting turnout rates (all rounds). (b) Voting turnout rates (rounds 11–20). (c) Voting turnout rates (rounds 1–10).
(a)

Type 1 for Candidate 𝑋
Type 1 for Candidate 𝑌
Type 2 for Candidate 𝑋
Type 2 for Candidate 𝑌

All treatments
0.4911
0.0639
0.0544
0.5250

Symmetric
0.5467
0.0656
0.0733
0.5533

Asymmetric
0.4356
0.0622
0.0356
0.4967

12
0.4500
0.0597
0.0653
0.5417

18
0.5185
0.0667
0.0472
0.5139

Asymmetric
0.4222
0.0156
0.0222
0.4289

12
0.3972
0.0167
0.0222
0.5250

18
0.5056
0.0463
0.0204
0.4685

Asymmetric
0.4489
0.1089
0.0489
0.5644

12
0.5028
0.1028
0.1083
0.5583

18
0.5315
0.0870
0.0741
0.5593

(b)

Type 1 for Candidate 𝑋
Type 1 for Candidate 𝑌
Type 2 for Candidate 𝑋
Type 2 for Candidate 𝑌

All treatments
0.4622
0.0344
0.0211
0.4911

Symmetric
0.5022
0.0533
0.0200
0.5533
(c)

Type 1 for Candidate 𝑋
Type 1 for Candidate 𝑌
Type 2 for Candidate 𝑋
Type 2 for Candidate 𝑌

All treatments
0.5200
0.0933
0.0878
0.5589

Symmetric
0.5911
0.0778
0.1267
0.5533

except for possibly higher turnout for Type 1 voting for
Candidate in treatments with asymmetric payoffs (potentially
ethical voting). Also, there is no systematic difference in
turnout between the two session sizes. This contradicts the
model’s predictions, in which turnout would be higher in
sessions of 12 than in sessions of 18.
The turnout rates in the second half of the data (rounds
11–20) can be seen in Table 6(b).
This focus on the second half of the sessions (largely)
sidesteps the effect of the learning curve that the subjects
experienced in the early rounds. Once again, the effects of
size and symmetry run counter to the model’s predictions.
Turnout is higher in treatments with symmetric payoffs
relative to those with asymmetric payoffs, and session size has
no systematic effect.
In rounds 11–20 the turnout rate for potentially ethical
voting—Type 1 voting for Candidate 𝑌 in treatments with
asymmetric payoffs—is even lower than the nonaltruistic
cross-voting done by Type 2 for Candidate 𝑋, again in the
asymmetric treatments. This points to altruism dissipating
and economic self-interest taking over fairly quickly. Given
that any possible altruism died out by the second half, it
would be useful to look at the first half of the data (rounds
1–10). This is shown in Table 6(c).
Here we see potential altruism, with a turnout probability
of 0.1089 for Type 1 subjects voting for Candidate 𝑌 in
asymmetric treatments versus 0.0489 for Type 2 subjects
voting for Candidate 𝑋 in those same treatments. Also, the
size and symmetry relationships are the same as before, albeit
not as strongly.
It is also helpful to see the trends over time, not just the
averages. Figure 2 shows the turnout rate—overall turnout,
rather than being broken down into the different typecandidate combinations—over the course of the experiment.

Within Figure 2, the top row shows the turnout rates for 12
subjects (a) and for 18 subjects (b), and the bottom row shows
the turnout rates for asymmetric payoffs (c) and symmetric
payoffs (d).
A few trends appear in these figures. First, in all treatments the turnout rate decreases as the rounds go on. Second,
there is no systematic difference between the 12- and 18subject turnout rates. This is contrary to the theoretical
results, which showed higher turnout for smaller electorate
sizes. And finally, there is a clear difference between the
treatments with asymmetric versus symmetric payoffs. As
before, turnout in treatments with symmetric payoffs is
almost always higher. This, too, is contrary to the theoretical
results, which were identical across payoff structures for a
given electorate size.
3.2.2. Nonparametric Permutation Test. A nonparametric
permutation test (also known as a randomization test) was
used to determine whether the turnout rates are different
across treatments. This nonparametric test was useful when
looking at session averages because there are only 12 data
points. The results from the permutation tests showed the
same trends that were observed in the stylized facts: the
number of subjects per session does not significantly affect
the probability of voting (except for symmetric sessions
across all rounds), and subjects in treatments with symmetric
payoffs are significantly more likely to vote than are subjects
in treatments with asymmetric payoffs.
Details about the test and the results can be found in the
Appendix.
3.2.3. Econometric Analysis. In the logit analysis, the dependent variables are the different categories of voter turnout—
(“turnout”), favored, and unfavored. In each of the following
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Figure 2: Voting turnout rates (top row symmetric versus asymmetric, bottom row 12 versus 18).

regressions, a random effects term was used to account for
correlation within each subject’s 20 decisions that cannot be
attributed to any of the other independent variables—some
subjects were inherently more (or less) likely to vote, or to
vote in a certain way, than other subjects.
Table 7 shows the results for the following regressions:
turnout𝑖𝑡 = 𝛽0 + 𝛽1 (average vote difference)𝑖𝑡
+ 𝛽2 (# of previous losses)𝑖𝑡 + 𝛽3 cost𝑖𝑡
+ 𝛽4 type𝑖𝑡 + 𝛽5 size𝑖𝑡 + 𝛽6 asymmetric𝑖𝑡
+ 𝛽7 round𝑖𝑡 + 𝛽8 (type 1 × asymmetric)𝑖𝑡
+ 𝛽9 (# same type)𝑖𝑡
+ 𝛽10 (# group favored votes)𝑖𝑡

favored𝑖𝑡 = 𝛾0 + 𝛾1 (average vote difference)𝑖𝑡
+ 𝛾2 (# of previous losses)𝑖𝑡 + 𝛾3 cost𝑖𝑡
+ 𝛾4 type𝑖𝑡 + 𝛾5 size𝑖𝑡 + 𝛾6 asymmetric𝑖𝑡
+ 𝛾7 round𝑖𝑡 + 𝛾8 (type 1 × asymmetric)𝑖𝑡
+ 𝛾9 (# same type)𝑖𝑡
+ 𝛾10 (# group favored votes)𝑖𝑡
+ 𝛾11 (# group unfavored votes)𝑖𝑡
+ 𝑤favored,𝑖 + 𝑢favored,𝑖𝑡 ,
unfavored𝑖𝑡 = 𝜃0 + 𝜃1 (average vote difference)𝑖𝑡

+ 𝛽11 (# group unfavored votes)𝑖𝑡

+ 𝜃2 (# of previous losses)𝑖𝑡 + 𝜃3 cost𝑖𝑡

+ 𝑤turnout,𝑖 + 𝑢turnout,𝑖𝑡 ,

+ 𝜃4 type𝑖𝑡 + 𝜃5 size𝑖𝑡 + 𝜃6 asymmetric𝑖𝑡
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Table 7: Logit with subject-level random effects and cluster-robust standard errors (marginal effects).

History: average |𝑋 − 𝑌|
Number consecutive losses
Type 1
Cost
Asymmetric
Size 12
Round
Type 1* asymmetric
Number same type
Number favored
Number unfavored
LR test (𝑝 value)

Turnout
−0.367***
(0.10)
−0.008**
(0.00)
−0.013
(0.06)
−1.554***
(0.13)
−0.129**
(0.06)
−0.022
(0.04)
−0.009***
(0.00)
−0.023
(0.08)
−0.045
(0.04)
0.118***
(0.02)
0.025
(0.02)
0.000

All rounds
Favored
−0.508***
(0.10)
−0.012***
(0.00)
−0.002
(0.05)
−1.620***
(0.12)
−0.094*
(0.06)
−0.031
(0.03)
−0.001*
(0.00)
−0.064
(0.08)
−0.032
(0.04)
0.163***
(0.02)
−0.019
(0.01)
0.000

Unfavored
0.037
(0.31)
0.001***
(0.00)
−0.004
(0.01)
−0.343*
(0.19)
−0.020**
(0.01)
0.00
(0.01)
−0.002***
(0.00)
0.016
(0.01)
−0.002
(0.01)
−0.013***
(0.01)
0.005***
(0.00)
0.000

Turnout
−0.415*
(0.23)
−0.004
(0.00)
0.011
(0.06)
−2.248***
(0.22)
−0.144**
(0.06)
−0.04
(0.04)
−0.005
(0.00)
−0.034
(0.09)
−0.001
(0.04)
0.086***
(0.03)
0.004
(0.02)
0.000

Rounds 11–20
Favored
−0.435*
(0.23)
−0.009
(0.01)
−0.017
(0.06)
−2.210***
(0.21)
−0.140**
(0.06)
−0.026
(0.05)
−0.002
(0.00)
−0.005
(0.09)
0.025
(0.04)
0.095***
(0.03)
0.00
(0.02)
0.000

Unfavored
−2.863*
(1.36)
0.000**
(0.00)
0.000
(0.00)
−0.735**
(0.36)
−0.001
(0.00)
0.000
(0.00)
−0.000***
(0.00)
0.000
(0.00)
−0.001
(0.00)
−0.000*
(0.00)
0.000
(0.00)
0.000

Rounds 1–10
Unfavored
0.462
(0.34)
−0.001
(0.00)
−0.011
(0.01)
−0.254
(0.24)
−0.031**
(0.02)
0.002
(0.01)
−0.004***
(0.00)
0.035*
(0.02)
−0.002
(0.01)
−0.025***
(0.01)
0.010**
(0.01)
0.000

*

𝑝 < 0.10, ** 𝑝 < 0.05, *** 𝑝 < 0.01.
Marginal effects elasticities used for continuous variables: history: average |𝑋 − 𝑌|, cost. All others are marginal effects.

+ 𝜃7 round𝑖𝑡 + 𝜃8 (type 1 × asymmetric)𝑖𝑡
+ 𝜃9 (# same type)𝑖𝑡
+ 𝜃10 (# group favored votes)𝑖𝑡
+ 𝜃11 (# group unfavored votes)𝑖𝑡
+ 𝑤unfavored,𝑖 + 𝑢unfavored,𝑖𝑡 .
(10)
The last line in Table 7 is the likelihood-ratio test of whether
the residual intraclass correlation equals zero (not a marginal
effect, even though it was consolidated into this table). This
tests whether the random effects term should be omitted. The
results show that the use of random effects was appropriate.
Table 7 shows the marginal effects, where marginal effect
elasticities were used for continuous variables and the usual
marginal effects were used for binary or count variables. This
is because “by what percentage does (dependent variable)
increase if Asymmetric increases by 10%” is not meaningful,
given that Asymmetric is binary. Note that the scales are
different, so that an elasticity of 0.34 and a marginal effect
of 0.034 (using an arbitrarily chosen example) would both
be interpreted as a 0.34% increase in the dependent variable.
This is why the results for “History: average |𝑋 − 𝑌|” and
“Cost” look so much larger than the others.

The independent variables are as follows. “History: average |𝑋 − 𝑌|” measures the average, up until any given round,
of the absolute value of the differences between the number
of votes received by each candidate in previous rounds.
This captures how close the outcomes of the elections had
been and might have played a role in subjects’ perception
of the probability of their vote being pivotal in the current
round. The second variable, “number consecutive losses,” is
the number of consecutive rounds, immediately preceding
the round in question, that a subject’s type’s favored candidate
(offering that type the higher payoff) has lost. This captures
discouragement. “Type 1” is the voter type and equals one if
Type 1 and zero if Type 2. “Cost” is the voting cost, between
$0 and $0.42. “Asymmetric” equals one if the observation
is from a session with asymmetric payoffs and zero if it is
from a session with symmetric payoffs. “Size 12” equals one if
the observation is from a session with 12 subjects and equals
zero if it is from a session with 18 subjects. “Round” is the
round number, between 1 and 20. “Type 1 * asymmetric” is
an interaction term for a Type 1 subject in a session with
asymmetric payoffs—the only combination for which ethical
voting (Type 1 for Candidate 𝑌) is possible—and equals
one if the subject fits that description and zero otherwise.
“Number same type” is the number of members of a subject’s
chat group (excluding the subject) who are members of
the same voter type as the subject. “Number favored” and
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“number unfavored” are the number of members of a subject’s
chat group (again, excluding the subject) who voted for the
subject’s favored or unfavored candidate, respectively, in the
current round. I also tested this using versions of “number
favored” and “number unfavored” that use a rolling average
of the previous 3 rounds, and the results were qualitatively
similar in both magnitude and significance. Therefore, I
decided to use the version above to focus on the more
immediate effect of the most recent chat.
This analysis was done for all rounds and for the second
half (rounds 11–20) for overall turnout, favored and unfavored, and for the first half (rounds 1–10) for unfavored only.
It is uncommon to focus on the first half of the experimental
data, because subjects often experience a learning curve
during the first several rounds; however, in this case all of
the ethical (motives confirmed through the chat transcripts)
and potentially ethical voting occurred in the first half. This
occurs in unfavored voting; therefore, this column is included
in Table 7.
History: average |𝑋 − 𝑌|, which measures the average
number of votes separating the two candidates in previous
rounds (the average margin), is significant and negative for
both overall turnout and favored turnout, both for all rounds
and for rounds 11–20. This means that the farther apart
the vote counts had been in the previous rounds the less
likely subjects were to vote, or conversely the closer the
previous rounds had been the more likely subjects were to
vote. Looking at the results for all rounds, if the vote counts
in the previous elections were 10% farther apart the turnout
rate would fall by 3.67% overall (or conversely, if previous
elections were 10% closer the turnout rate would increase
by 3.67%) and 5.08% for favored. The results in the second
half were qualitatively similar, albeit less strongly significant
possibly due to the average becoming less volatile as rounds
go on. To make sure that this was not simply because the
average incorporates more rounds as the session goes on,
so that each incremental round has a smaller impact on the
average, I also tried a rolling average of the previous three
rounds and got qualitatively similar results.
The negative relationship between the size of the margin
of victory in previous elections and the probability of voting
in the current election (or the positive relationship between
the closeness of previous elections and the probability of
voting) may be because of the effect on subjects’ perceptions
of the probability of their vote being pivotal. This result,
and interpretation, qualitatively matches the results of the
belief elicitation from the extended version of this paper
(available upon request), which found that subjects’ ex ante
beliefs about the probability of their vote being pivotal were
positively related to the probability of voting. This, combined
with the lack of size effect in the data, points to a possibility
that voters’ perceptions of the probability could be the channel
through which the probability of casting a pivotal vote
impacts voting participation decisions, rather than the actual
probability.
The number of consecutive losses immediately preceding
a round is significant and negative for both overall turnout
and favored turnout; the results show that with each additional consecutive loss the probability of voting falls by 0.9%
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and the probability of voting for favored falls by 1.2%. For
unfavored, the number of consecutive losses is significant
but positive. It is not entirely clear why but may reflect the
fact that as the number of previous losses adds up, the
subjects who have a better understanding of the game may
be more likely to abstain, leaving more voters who have a
worse understanding and who would be more likely to make
voting choices that go against their economic self-interest.
This relationship weakens when focusing on only the second
half because, in most sessions, losing/winning streaks were
shorter in the second half.
The next significant variable is cost, which is highly significant and negative for all three dependent variables. For a
10% increase in voting cost, the probability of voting for either
candidate falls by 15.54%, the probability of voting for favored
falls by 16.20%, and the probability of voting for unfavored
falls by 3.43%. The effect of cost on unfavored voting is
both smaller in magnitude and in significance level, possibly
because noneconomic factors would play a larger role in
unfavored voting decisions and therefore the voting cost
would have less impact. The cost effect is even stronger when
focusing on only the second half, as subjects have gained a
better sense of when it is or is not worth it to vote. In the
first half, cost does not significantly affect unfavored voting,
possibly because of the ethical (and potentially ethical) voting
and the higher level of noise that occurred in the first half,
both of which would have made subjects less sensitive to
costs.
The results for size and symmetry match those from
the permutation test and Figure 2, in that the probability of
voting is lower in sessions with asymmetric payoffs relative to
sessions with symmetric payoffs—for all rounds, subjects in
sessions with asymmetric payoffs were 12.9% less likely to vote
at all, 9.4% less likely to vote for favored, and 2.0% less likely to
vote for unfavored—and the number of subjects per session
is not significant. What could explain the higher turnout
probability in sessions with symmetric payoffs, relative to
those with asymmetric payoffs? There is no clear answer.
The results in Table 5 show that the model predicts
increases in both unfavored voting and overall turnout as the
level of altruism increases, but the relationship is negative in
the empirical results. However, the drop in favored voting
in Table 5 as altruism increases does match the direction
of the empirical results. It is possible that, in the absence
of any possibility for ethical voting, the subjects may have
perceived the elections as being closer, which spurred greater
amounts of voting. In the data, the elections were actually
closer in sessions with asymmetric payoffs, but work with
belief elicitation could potentially uncover a connection to
the subjects’ perceptions of election closeness rather than the
actual margins.
The interaction term of Type 1 and asymmetric captures
the voters who have the option of voting ethically. The
results here show that potentially ethical voting—Type 1
subjects voting for Candidate 𝑌 (unfavored) in sessions
with asymmetric payoffs—is 3.5% more likely to occur than
nonethical unfavored voting during the first half, which
is when almost all of the ethical voting (both potentially
ethical and transcript-confirmed ethically motivated) took
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Table 8: Maximum likelihood estimates.

Parameters
𝜆

Rounds
2nd half
1st half
1st half
1st half

𝜆 and 𝛼

1st half

𝜆 and 𝛿

1st half

Sessions or treatments
All treatments
All treatments
Asymmetric treatments
Symmetric treatments
Session 1, session 7
𝜆
𝛼
Session 1, session 7
𝜆
𝛿

place. Note that all unfavored voting in sessions with symmetric payoffs and unfavored voting by Type 2 subjects in
sessions with asymmetric payoffs are not even potentially
ethical.
It is possible that ethical voting could have had a larger
impact if the asymmetric payoff design featured higher
aggregate payoffs. Fowler and Kam [15] found that altruists
only had a larger incentive to participate, relative to those
who are self-interested, when outcomes are perceived as
benefitting everyone. Outcomes that are perceived as being
merely distributive, without a larger aggregate benefit, are
seen as being distributive and altruists gain nothing from
merely shifting wealth from one group to another. In the
experimental design used here, the aggregate payoffs are
identical across candidates so the ethical candidate could be
perceived as being distributive.
Round, which captures learning effects, is significant and
negative for all three dependent variables when looking at
all rounds and also for unfavored in rounds 1–10. As a
session progresses the probability of voting falls by 0.9% (for
overall turnout), 0.1% (for favored), or 0.2% (for unfavored)
with each additional round. This points to the presence of a
learning effect as the session proceeds, possibly as subjects
figure out that they are less likely to be pivotal than they had
anticipated or that it does not make sense to vote when facing
a high cost. Then the size and the strength of the significance
decline by rounds 11–20, indicating that the learning effect
had dissipated because the steepest part of the learning curve
happened early in the session.
The next three variables analyze the effect of subjects’
chat groups on voting participation decisions. The group
affiliation of the members of a subject’s chat group did not
significantly affect voting decisions, but whether/for whom
their chat-mates voted did influence voting decisions. Looking at the results for all rounds, “number favored” increased
favored voting by 16.3%, showing that economically selfinterested voting participation was substantially increased by
the influence of group members’ voting decisions to vote
for that same candidate. Unfavored voting decreased as the
number of group members voting for a candidate’s favored
candidate increased, as voters who might have been leaning
towards to vote against type were encouraged to vote for their
favored candidate instead.

Coefficient
5.4909
1.0853
1.732
0.5687

Standard errors
0.5164
0.2841
0.4339
0.3767

𝑡-statistics
10.6332
3.8205
3.9704
1.5098

0.5448
0.129

0.8978
0.3992

0.6068
0.323

0.6155
0.9748

0.8709
1.9373

0.7068
0.5032

Unfavored voting increased in the number of group
members who voted for that candidates’ unfavored candidate,
possibly due to factors such as group members encouraging
each other to vote for the ethical candidate (where applicable), voting in solidarity with group members regardless of
whether it is in the subject’s best interests, and manipulation.
Instances of these, as observed in the chat transcripts, can
be found in Section 3.4. However, this 0.5% increase (or
1% in the first half) is much smaller than the effect of
“number favored” on favored voting, possibly because it is an
easier “sell” to convince people to vote for someone who is
promising them more money than the other candidate.
3.3. Estimating the QRE and Ethical Voting Parameters. The
model that was presented in Section 2 can be used to
estimate the QRE precision parameter 𝜆 and the ethical
voting parameters 𝛼 and 𝛿 from the experimental data.
To review, 𝜆 is a measure of the level of precision in the
decision-making process of whether and for whom to vote.
The ethical expressive parameter, 𝛼, measures the utility
(or nonpecuniary expected payoff) received from the act
of voting ethically. This is along the lines of a warm glow
parameter, as in Andreoni [14]. The ethical instrumental
parameter, 𝛿, measures the utility (or nonpecuniary expected
payoff) received from voting ethically if that vote is pivotal
and leads to a victory for the ethical candidate.
Table 8 shows the results of the estimation using the
experimental data.
First, 𝜆 was estimated for the second half (rounds 11–
20). Ethical voting had dissipated by then, so limiting it to
these rounds made it possible to estimate the QRE precision
parameter in the (effective) absence of ethical voting. The
estimated value for 𝜆 was 5.49, which is lower than what
Levine and Palfrey [4] had estimated (𝜆 = 7), meaning that
there was more noise/less precision in the decision-making
process here relative to Levine and Palfrey [4]. In that paper,
subjects only had a choice between voting and abstaining so
the higher noise/lower precision may be due to the addition
of a third option (here, the possibility of choosing either
candidate).
On a related note, it may also reflect the fact that voting
turnout rates for Type 1 voting for Candidate 𝑋 and Type 2
voting for Candidate 𝑌 are substantially above the highest
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possible predicted turnout under QRE, which was 0.33 in the
presence of extremely high noise as shown in Tables 4(a) and
4(b). This is much lower than the 0.5 predicted under high
noise in Levine and Palfrey’s model (with only two options,
when noise is so high/precision is so low that decisions are
made randomly the probability of each option approaches
50%), leading to a smaller range within which overvoting
could be explained by noise.
Figure 3 illustrates this overvoting, contrasting the QRE
turnout predictions for 12 subjects and 18 subjects, given a 𝜆
of 5.49, with the observed turnout rates. For favored voting
(Type 1 for 𝑋 and Type 2 for 𝑌), the observed turnout rates
are much higher than the predicted rates, and the observed

turnout rates for unfavored voting (cross-voting) are lower
than the predicted rates.
Next, as a comparison, 𝜆 was estimated for the first half of
the data. As expected, the estimate of 𝜆 for the first half is considerably smaller—indicating lower levels of precision/higher
levels of noise—than those in the second half. This is because
of both higher turnout rates and greater levels of cross-voting.
A comparison of observed turnout rates and QRE predictions
is illustrated in Figure 4. Surprisingly, the estimated precision
parameter is lower (higher noise) for sessions with symmetric
payoffs, in spite of lacking any possibility of ethical voting.
However, looking at the data, there are comparable levels of
cross-voting, and the turnout rates of Type 1 for Candidate
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𝑋 and Type 2 for Candidate 𝑌 are generally higher in the
symmetric treatments. This higher turnout in favored voting
is what is driving the difference. This is because the estimated
𝜆 is pulled lower by the high favored voting rates above and
beyond what the model can explain, which is treated as extra
noise.
However, the end goal is not only to estimate the QRE
precision parameter 𝜆 but also to estimate the ethical voting
parameters. This is done in the final two sections of Table 8.
(As explained earlier, the ethical voting parameters 𝛼 and 𝛿
cannot be separately identified so these are the results for
separately estimated models, one with 𝛼 and one with 𝛿.)
Unfortunately, for either of these specifications neither 𝜆 nor
the respective ethical voting parameter is significant, even
when only focusing on the two sessions with the highest rates
of overvoting.
3.4. Chat. The online chat feature provides insight into the
motivations behind subjects’ voting decisions. (The chat
transcript for all sessions is available upon request.) Two
noteworthy themes appear in the chat: the first is the power
of the overlapping chat circles to affect outcomes in both
useful and harmful ways and the second is peer pressure/peer
influence, even to the point of outright manipulation.
3.4.1. Transmission of Information. Although at least a small
amount of potentially ethical voting was observed in most
sessions with asymmetric payoffs, it appeared in a substantial
fashion in Sessions 1 and 7. What differentiated these sessions
from the other sessions with asymmetric payoffs was that in
each case one of the subjects picked up on the possibility of
ethical voting and voted accordingly and then broadcasted
this realization and acted as a cheerleader of sorts to try to get
Type 1 subjects to vote for Candidate 𝑌. The “cheerleaders”
were both Type 1 and Type 2, although their motivations
differed according to type. These cheerleaders could be
thought of as being thematically related to the producers of
social pressure in Schram and van Winden [9]. In Session 1,
ID 7—who was Type 1—started this chain of events in the chat
before round 1. ID 7 picked up on the idea of ethical voting,
“DO NOT BE GREEDY. WE WILL ALL MAKE MORE
MONEY IF WE ALL CHOOSE THE LOWER OPTION.”
(All quotes appear exactly as in the chat transcript.) Strictly
speaking, this was not entirely true because the aggregate
payoff was the same regardless of which candidate won, and
indeed Type 1 made less money when Candidate 𝑋 won.
However, the comment still demonstrates a desire to spread
the payoffs more equitably. This subject then repeated this in
the chat before round 2. Also in round 2, ID 8—who was a
Type 2 and therefore was acting in his or her own economic
self-interest—took up ID 7’s argument by saying “Type 1 is
being greedy,” which spread the idea to ID 9—who was also a
Type 2—who said, “Please choose option 𝑌, we receive equal
amounts regardless of type.” Yet another Type 2, ID 11, said,
“vote for option 𝑦. Otherwise Type 2 gets shafted.” ID 10 was
a Type 1 subject chatting with IDs 9 and 11 and started the
chat period in round 2 by stating “Always vote for option 𝑋
please. Same deal. We can get our money” but then changed
his or her mind and ended up voting for Candidate 𝑌 after
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being convinced by IDs 9 and 11. Of course, the fact that ID
10 said, “please” in the chat may indicate that this person was
inherently more considerate and therefore maybe more likely
to be open to the possibility of voting ethically, as opposed to
someone like ID 5 whose sentiment was “sucks to be a 2.”
Other rounds followed in a similar fashion. The amount
of ethical voting never exceeded 2 subjects per round, and it
was always done by IDs 7 and 10—and then only ID 7 after
ID 10 started abstaining, but with only 12 subjects that was
enough to make or break a tie in a few rounds. The chat also
included some amusing attempts to generate ethical voting,
such as “a vote for 𝑋 is a vote for the bigwig corporations
taking our hard-earned tax dollars,” “a vote for 𝑋 is unAmerican,” and “here is a list of people who would vote for
𝑥 in this scenario: bane, john lee hooker, ivan the terrible,
judas.”
In Session 7 a similar phenomenon occurred. (In Session
7, the selfish and ethical candidates had been switched so
that Candidate 𝑋 was the ethical candidate and Candidate
𝑌 was the selfish candidate. In this discussion the standard
candidate name will be used, surrounded by brackets, rather
than what was written in the transcript.) In round 3, ID
5 (Type 2) joked about the inequity of Candidate [𝑋]’s
offered payoffs. After this, ID 6 (Type 1) suggested voting for
Candidate [𝑌] and ID 7 (Type 1) agreed. This block of voting
continued for several more sessions. Also in round 3, ID 15
(Type 2) urged Type 1 subjects to vote for Candidate [𝑌] for
ethical reasons, saying “but [𝑦] makes money for everyone.”
(As explained earlier, this is not entirely true due to equalsized aggregate payoffs but it demonstrates a desire for a more
equitable distribution of payoffs.) However, it did not spread
beyond this subject’s original chat group.
One difference between Sessions 1 and 7 was the presence
in Session 7 of voting that appeared to be ethical but was
actually due to subjects not understanding how the payoffs
and costs worked. This was the case for IDs 11 and 12, two
Type 1 voters who banded together to vote for Candidate [𝑌]
because they thought that it was to their advantage based
on how high or low their costs were. Therefore, some of the
seemingly ethical voting was actually due to noise or voter
error. This is an example of how voting that appears ethical
may not be and illustrates the usefulness of this chat feature
for providing insight into motives.
It is also possible for incorrect information to spread and
to affect the outcome of an election. In Session 12, ID 3—
a Type 2 candidate—started off in the chat before round 1
by saying that everyone should vote for Candidate 𝑋. The
chat period ended before he could follow up and explain why,
but in round 2 the subject said, “continue with option 𝑋 and
forward it to your adjacent ID groups. If everyone votes 𝑋
throughout, we all win.” This strategy worked and by round 3
there were 11 votes for Candidate 𝑋, 1 vote for Candidate 𝑌,
and no abstentions.
The logic behind ID 3’s strategy is a mystery because
this was a session with symmetric payoffs so neither of the
candidates was offering equitable payoffs. Also, as a member
of Type 2 this subject received a lower payoff if Candidate
𝑋 won. In round 5, this same subject wrote, “continue with
𝑥 regardless of Type 1 or Type 2, it will all work out to
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a guaranteed payout. fwd it to your group.” This subject
had very quickly understood the power of the overlapping
chat groups and yet apparently had not understood the
instructions at the beginning of the session.
At the same time, word was spreading that subjects would
not receive a payoff if they abstained or voted for the losing
candidate. However, there were also individual conversations
in which subjects were testing out the mechanics of the game.
For example, in round 5 ID 8 had abstained and ID 9 had
voted for Candidate 𝑌, so in the chat before round 6 their
discussion focused on whether payoffs were still received
even if a subject abstained from voting. ID 8 wrote, “Yes. I
did (abstain and still receive the payoff). It sucks that Option
𝑌 cannot win. But the better option now is to not vote if you’re
Type 2.” ID 1 showed similar insight into this and also into
the possibility of free riding in the presence of large margins
for the winning candidate, “should we not vote this round?
If the pattern stays the same, ppl will vote 𝑥 and we won’t
get charged.” Meanwhile ID 3 continued his or her push for
Candidate 𝑋.
In the next round, there was chatter demonstrating
continued confusion on the part of some subjects and
among other subjects a growing understanding of the correct
mechanics of the experiment. In this round five subjects
ended up abstaining, indicating that the “always vote” strategy
was breaking up. However, everyone who did vote chose
Candidate 𝑋 regardless of type. Evidently some were still
confused about the link between payoffs and voting decisions,
because in the chat before round 8 ID 5 said, “why would 5
people not vote and miss out on this cash cow?” ID 5 was a
Type 1, so indeed it had been a cash cow for this subject except
for the fact that he or she had incurred the voting cost in every
round.
It was at this point that a rare event took place: the
experiment was actually paused, and the rules and mechanics
of payoffs and costs were explained again, such as the fact
that the payoff received is a function of your type and the
candidate that wins, not (directly) whether or for whom a
subject voted. (This had already been stated several times
during the instructions, which had been shown in writing and
also read aloud at the start of the session. The instructions
had also included a practice question that was specifically
designed to make sure that subjects understood this and
to correct any misunderstandings before the experiment
began.) After this was explained again, voting decisions
settled into a more normal pattern.
This incident provides an excellent example how the
spread of information can affect outcomes, regardless of
whether or not the information is correct. It is also an example
of how relatively easy it is to exploit people’s uncertainty, as
would have been the case at the beginning of the session,
when there is always a learning curve regardless of how
thorough the instructions are. It is important to note that
this does not necessarily have to be done maliciously—it is
unclear whether ID 3’s actions were due to misunderstanding
or wanting to cause trouble.
3.4.2. Peer Pressure/Peer Influence/Manipulation. A second
theme that was seen in the chat transcripts was that of subjects
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urging each other to vote and sometimes agreeing to do so.
This may have increased the turnout rates beyond what might
have occurred without chat and may help to explain the high
turnout rates that were observed. Also, because the chat is
repeated over many rounds there is accountability to some
extent—your chat neighbor might ask if you had voted and,
if so, for whom you voted in the previous round. That sense of
accountability could also increase voter turnout. And finally,
some people feel a sense of solidarity in voting the same way
as their friends/family/colleagues/and so forth.
In these experiments, this feeling of solidarity led subjects
to vote against their own economic interests, even in the
absence of altruistic motives. Usually this only lasted one
or two rounds before self-interest took over. However, in a
few cases this happened repeatedly. These present a possible
parallel to Kittel et al.’s [12] swing voters who were influenced
to vote differently than they would have otherwise. In this
context, swing voter status was not due to experimental
design but rather to certain subjects being more easily
influenced than others.
One extreme case occurred in Session 10. ID 3, who was
a Type 2 subject, was paired in a chat group with ID 2 and ID
4, both of whom belonged to Type 1. ID 3 wanted to vote with
his or her chat group and voted for Candidate 𝑋—against
the subject’s economic self-interest, but benefitting those of
the other group members—in every round throughout the
session. The subject asked whether they were all the same type
before round 6, in spite of the types having been listed next
to ID numbers in the chat interface in every round. However,
even after ID 3’s group members clarified that they were both
Type 2, ID 3 continued to vote for Candidate 𝑋. ID 3 voted for
Candidate 𝑋 in all but one round. Coincidentally, this extra
vote for Candidate 𝑋 either made or broke a tie in each of
the first five rounds and set up a streak in which Candidate
𝑋 won every round of the session, as subjects who would
have voted for 𝑌 (mostly other Type 2s) got discouraged and
stopped voting. I spoke with the subject after the end of the
session to find out if this voting behavior resulted from a
lack of understanding about the way in which the payoffs
worked (being careful to ask about it in terms of wanting to
find out whether the instructions were clear enough so that
changes could be made, in an attempt to sidestep feelings
of defensiveness that could have affected the answers). The
subject had indeed understood everything but simply liked
the feeling of solidarity from voting with the other chat group
members.
In Session 11 there were two Type 1 subjects who often
voted for Candidate 𝑌. The payoffs in this session were
symmetric, so altruism was not a possible motive. Both of
them chatted with ID 15, a Type 2 candidate. ID 15 usually
voted for 𝑌 but sometimes voted for 𝑋, usually when IDs
14 and 16 also voted 𝑋, and this subject spent much of the
chat trying to convince his or her chat group to vote as a
group. When asked about it after the session, IDs 14 and
16 each expressed a desire to vote with their chat groups,
similar to the previous example. But then in a separate
conversation ID 15 explained his strategy of occasionally
voting for Candidate 𝑋—especially in the earlier rounds—
for the purpose of generating a feeling of solidarity in IDs 14
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and 16. This subject then would urge IDs 14 and 16 to vote
for Candidate 𝑌, which maximized ID 15’s payoff. The end
result was that ID 15 only voted for Candidate 𝑋 four times,
whereas ID 14 voted for Candidate 𝑌 eight times and ID 16
voted for Candidate 𝑌 twelve times, so on a net basis this
strategy gained many more votes than it lost for Candidate
𝑌.
This was the only incident of strategic manipulation that
was observed in any of the sessions, at least as far as the
transcripts indicated (and a bit of luck in running into the
subject shortly after the session). However, it does illustrate
the ability of a savvy political strategist to manipulate others
who may not be as savvy, even those whose interests diverge
from those of the strategist. It is also thematically related to
the producers of social pressure in Schram and van Winden
[9].

4. Conclusions
The analysis presented above attempted to resolve the paradox of voter turnout by incorporating ethical voting into a
quantal response equilibrium- (QRE-) based model which
allows for noise in the decision-making process and then
testing the model’s predictions using a series of laboratory
experiments. The benefit of this modeling approach is that it
generates predicted voting turnout probabilities, which were
used in fine-tuning the experimental design, and against
which the results of the experiments could be compared.
High rates of voter turnout were indeed observed. In fact,
the turnout rates for some of the type-candidate combinations were so high that QRE-based analysis could not account
for all of the overvoting, relative to the Nash equilibrium
predictions. This is due at least in part to the presence of three
voting choices—vote for Candidate 𝑋, vote for Candidate
𝑌, and abstain—as opposed to the two choices of vote and
abstain that were present in Levine and Palfrey [4]. Given
a cost-payoff ratio that generates at least some abstention
in equilibrium, the highest possible payoff occurs in the
presence of extremely high levels of noise. With three choices,
the probability of choosing any one of them is 0.33. This is
considerably lower than the 0.50 when there are only two
choices, which would not have explained all of the overvoting
observed for some of the type-candidate combinations but
would have at least explained more of it.
Ethical voting was not able to explain the overvoting,
either. Some ethical voting was observed, but not enough to
explain the extent of overvoting. Also, most of the overvoting
occurred when subjects voted for the candidate offering their
type a higher payoff. Ethical voting, which is defined as voting
against one’s own economic self-interest in order to vote
for the candidate offering payoffs that are distributed more
equitable across voter types, by its very nature does not fall
into this category.
The online chat feature that subjects used for communicating with their virtual neighbors before each round
(election) was shown to have increased voter participation.
In this chat feature, subjects chatted online with the two
subjects with adjacent ID numbers within the experiment.
This mirrored the way in which people discuss politics
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and upcoming elections with their friends, families, and
coworkers.
Additionally, because the chat was repeated before every
round it also set up a dynamic in which it may have generated
some accountability between chat partners, for example,
by asking one’s chat group whether they had voted in the
previous round, and if so then for which candidate(s). It was
also observed in the chat transcripts that subjects would often
ask others to vote in a certain way or agree to vote in a
certain way and then sometimes follow up afterwards, which
supports that conjecture. Through these channels, subjects’
voting decisions were (mostly positively) influenced by the
voting decisions of their group members.
There are several possibilities for future research in this
area, such as comparing sessions with a chat feature versus no
communication or the use of different chat group structures,
for example, the current chat setup versus one in which
subjects only communicated with members of their own
voter type. Another possibility would be to focus on only
ethical voting or only communication to clarify the individual
impacts of these features on turnout rates and patterns. It
is possible that the inclusion of both communication and
(the potential for) ethical voting in this paper’s experimental
design obscured the importance of ethical voting. The chat
feature was originally included for the insight that it would
provide rather than being a tool to increase voting participation, and its impact on turnout was unexpected. Because of
this, the experimental design did not carefully test the relative
impacts of these two features. It would be interesting to design
treatments to test for the individual effects, which I leave for
future research.
Several other themes were also observed in the results,
in which the patterns in the observed turnout rates differed
from those that had been predicted. There was a strong cost
effect on abstention rates, as predicted. However, there was
no significant size effect, in contrast to the predictions in
which turnout declined as the session size increased and the
probability of casting a pivotal vote decreased. Second, the
turnout rate was higher in sessions with symmetric payoffs
(in which there was no possibility of ethical voting) than
in sessions with asymmetric payoffs (in which there was a
possibility of ethical voting). This contradicts the predicted
outcome; however, the reason for this pattern is unclear. Belief
elicitation might provide some insight into this but would
require further research.

Appendices
A. Pivotal Probabilities
The term (1/2) × (Pr(make tie)𝑖𝑗 + Pr(break tie)𝑖𝑗 ) is the
probability that a vote cast by a member of type 𝑖 for candidate
𝑗 will be pivotal (henceforth referred to as the “pivotal
probability”). The one-half is there because, in the presence
of two candidates, if someone’s vote makes a tie then there
is a 50% chance that this voter’s chosen candidate will win
(and that the vote will have been pivotal)—remember that
the winner of a tie is determined randomly. If someone’s vote
breaks a tie then there is a 100% chance that his or her chosen
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candidate will win. However, because there was already a 50%
chance that this candidate would have won in the event of
a tie, there would only be a 50% chance that the vote that
broke the tie changed that candidate’s outcome from losing
to winning. Therefore, the sum of the probabilities of making
a tie and of breaking a tie is multiplied by one-half.
The pivotal probabilities are analogous to those in Levine
and Palfrey [4] and Goeree and Holt [3] but complicated
by the fact that it is possible for votes received by each of
the candidates to vote for either candidate to come from
either type of voters. For example, even in the relatively
straightforward example of 1 vote (total) for Candidate 𝑋 and
1 vote (total) for Candidate 𝑌, there are numerous possibilities
for how this outcome arose: both votes came from Type
1 voters; Type 1 voted for Candidate 𝑋 and Type 2 voted
for Candidate 𝑌; Type 2 voted for Candidate 𝑋 and Type
1 voted for Candidate 𝑌; and both votes came from Type 2
voters. Additionally, there is a separate pivotal probability for
each type-candidate combination because it is possible for
members of either type to vote for either candidate.
One example is the probability that a member of Type
1 will be pivotal by voting for Candidate 𝑋, modeled as a
multinomial probability:
Pr (pivotal)1𝑋
=

1
(
2

min(𝑁1 ,𝑁2 ) 𝑛𝑌
𝑛𝑌 =1

𝑛𝑌 −1

∑ ∑ (

∑

𝑛2𝑌 =0 𝑛2𝑋 =0

𝑁2
𝑛2𝑋 , 𝑛2𝑌

⋅(
𝑛

)
𝑁1 − 1

𝑛𝑌 − 1 − 𝑛2𝑋 , 𝑛𝑌 − 𝑛2𝑌

)

The first term within the brackets is the probability that
a member of Type 1 will make a tie by voting for Candidate
𝑋. This means that before this incremental voting decision
is made, there is one fewer vote for Candidate 𝑋 than there
is for Candidate 𝑌, or 𝑛𝑋 = 𝑛𝑌 − 1. The second term is the
probability that a member of Type 1 will break a tie by voting
for Candidate 𝑋. The fact that one vote would break a tie
means that there is currently a tie and 𝑛𝑋 = 𝑛𝑌 .
For each term within the brackets, the triple sum allows
the calculation to sum over every possible combination of
votes, for every possible number of votes. The outer sum loops
over every possible value of 𝑛𝑌 (the total number of votes for
Candidate 𝑌), and therefore also over every possible value of
𝑛𝑋 . The inner two sums loop over every possible combination
of 𝑛2𝑌 and 𝑛2𝑋 (the number of votes cast by members of Type
2 for Candidates 𝑌 and 𝑋, resp.). Because 𝑛1𝑌 and 𝑛1𝑋 —the
number of votes cast by members of Type 2 for Candidates
𝑋 and 𝑌, respectively—are simply (𝑛𝑌 − 𝑛2𝑌 ) and (𝑛𝑋 − 𝑛2𝑋 ),
these summations also loop over every possible combination
of 𝑛1𝑌 and 𝑛1𝑋 .
𝑛2𝑋 𝑛2𝑌
In the first term, ( 𝑛2𝑋𝑁,𝑛2 2𝑌 ) 𝑝2𝑋
𝑝2𝑌 (1−𝑝2𝑋 −𝑝2𝑌 )𝑁2 −𝑛2𝑋 −𝑛2𝑌
is the probability that there will be exactly 𝑛2𝑋 and 𝑛2𝑌 votes if
all 𝑁2 members of Type 2 have already made their voting (or
𝑛𝑌 −1−𝑛2𝑋 𝑛𝑌 −𝑛2𝑌
1 −1
abstention) decisions. ( 𝑛𝑌 −1−𝑛𝑁2𝑋
𝑝1𝑌 (1 −
,𝑛𝑌 −𝑛2𝑌 ) 𝑝1𝑋
𝑁1 −(𝑛𝑌 −𝑛2𝑋 )−(𝑛𝑌 −𝑛2𝑌 )
𝑝1𝑋 − 𝑝1𝑌 )
is the probability that there will
be exactly 𝑛1𝑋 and 𝑛1𝑌 votes if all 𝑁1 − 1 other members of
Type 1 have already voted.
The second term follows the same format.
The other probabilities of a member of type 𝑖 being pivotal
by voting for candidate 𝑗 equal
Pr (pivotal)1𝑌
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where 𝑁𝑖 is the total number of potential voters of type 𝑖, 𝑛𝑗
is the total number of votes for candidate 𝑗 (cast by voters of
either type), 𝑛𝑖𝑗 is the total number of votes by members of
type 𝑖 for candidate 𝑗, and 𝑝𝑖𝑗 is the probability of a member
of type 𝑖 voting for candidate 𝑗.
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Table 9: Voting turnout rates by gender.
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Figure 5: Voting turnout rates by gender.
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These pivotal probabilities are then used to calculate the
expected payoff differences, net of costs.
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𝑛
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C. Nonparametric Permutation Test
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Another area of interest is the effect of gender on voting
decisions. In various nonparametric and parametric analyses
gender was not found to have any significant effect on voting
turnout, either for overall, for favored, or for unfavored.
The turnout rates are summarized in Table 9 and Figure 5
illustrates the closeness of these turnout rates over time.

𝑁2 − 1
𝑛𝑋 − 𝑛1𝑋 , 𝑛𝑋 − 𝑛1𝑌

)

𝑁1 −𝑛1𝑋 −𝑛1𝑌

𝑛

1𝑋
× 𝑝1𝑋
𝑝1𝑌1𝑌 (1 − 𝑝1𝑋 − 𝑝1𝑌 )

𝑛 −𝑛1𝑋 𝑛𝑋 −𝑛1𝑌
𝑝2𝑌

𝑋
⋅ 𝑝2𝑋

𝑁2 −1−(𝑛𝑋 −𝑛1𝑋 )−(𝑛𝑋 −𝑛1𝑌 )

⋅ (1 − 𝑝2𝑋 − 𝑝2𝑌 )

).
(A.2)

Nonparametric permutation tests were used to test the
significance of the difference between the means of two
independent samples, when the sample sizes are small. The
null hypothesis is that all of the observations are from the
same population. Therefore, rejecting the null hypothesis
would mean that all of the observations could not be from
the same population, and the fact that the observations
occurred specifically in their respective treatments cannot
be attributed to coincidence. This was tested by reassigning
the observations between the treatments, then comparing the
differences in the means of the permutations with those in the
original. The null hypothesis is rejected if the observed difference between treatments is large relative to the hypothetical
differences in the other possible permutations.
First, looking at session-level average turnout rates for
overall turnout, shown in Table 10, we see the same relationships as before in the averages for all rounds and for
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Table 10: Voting turnout rates by session.

Treatment
12, asymmetric

12, symmetric

18, asymmetric

18, symmetric

Session
Session 1
Session 3
Session 9
Session 2
Session 4
Session 12
Session 5
Session 7
Session 10
Session 6
Session 8
Session 11

1st round
0.8333
0.9167
0.8333
0.5833
0.8333
1.0000
0.9444
0.7778
0.7778
0.7222
1.0000
0.7222

Average
0.5625
0.5000
0.5208
0.6292
0.5292
0.6083
0.5306
0.4778
0.5111
0.6306
0.6306
0.6583

Average (2nd half)
0.4417
0.3750
0.4750
0.6500
0.4667
0.4750
0.4778
0.4833
0.4000
0.6222
0.5556
0.5833

Table 11: Permutation test results (𝑝 value)—overall turnout rates.

12: asymmetric versus symmetric
18: asymmetric versus symmetric
Asymmetric: 12 versus 18
Symmetric: 12 versus 18
12 versus 18 (asymmetric and symmetric)
Asymmetric versus symmetric (12 and 18)
*

First round only
1-tailed
2-tailed
0.30
0.75
0.50
1.00
0.30
0.60
0.40
0.90
0.4142
0.8270
0.3419
0.6848

Average
1-tailed
0.1*
0.05**
0.250
0.05**
0.2767
0.003***

2-tailed
0.200
0.1*
0.500
0.1*
0.5520
0.006***

Average (2nd half)
1-tailed
2-tailed
0.150
0.300
**
0.05
0.1*
0.200
0.450
0.150
0.350
0.1357
0.2719
0.0038***
0.0078***

𝑝 < 0.10, ** 𝑝 < 0.05, *** 𝑝 < 0.01.

the second half (rounds 11–20). The first round of voting was
also included because in most real-world elections one would
only vote a single time.
The nonparametric permutation test then analyzes
whether there really is a difference across treatments. The
results are shown in Table 11. The results are reported as 𝑝
values.
These results show the same trends that were observed
in the stylized facts: the number of subjects per session
does not significantly affect the probability of voting (except
for symmetric sessions across all rounds), and subjects in
treatments with symmetric payoffs are significantly more
likely to vote than are subjects in treatments with asymmetric
payoffs. Results for the first round only are not significant,
which is not surprising. As opposed to an election outside
of the lab, where potential voters have weeks or months to
learn about the candidates and issues and to talk with their
friends/family/colleagues, in the experiment there is quite
a bit of learning that occurs during the first few rounds
which may obscure any meaningful relationships in the
data.
Next, the data for favored turnout and unfavored turnout
were analyzed in the same manner. Given that most of the
voting was for the favored candidate, the results found here
were very similar to those for overall turnout. For unfavored
turnout, no significant differences were found even after
using the averages for rounds 1–10 (because that is when
almost all of the ethical voting happened).

D. Instructions
The subjects saw the following set of instructions at the start
of the experiment. These were also read aloud. The instructions below are from a 12-person session with asymmetric
payoffs, so the instructions for the other treatments would
vary with respect to the number of subjects and/or the payoff
charts but would otherwise be the same. At the top of each
page, the subject sees “Instructions (ID = —), Page — of 6”.
Page 1
(i) Matchings. The experiment consists of a series of
rounds. You will be matched with the same group
of 11 other people in each round. The decisions that
you and the 11 other people make will determine the
amounts earned by each of you.
(ii) Voting Decisions. At the beginning of each round, you
will be asked to consider a vote for one of 2 options:
Option 𝑋 and Option 𝑌.
(iii) Earnings. The votes that are cast by the members of
your group will determine a winning option, which
will determine your earnings in a manner to be
explained next.
(iv) Please Note. Your earnings will depend on the outcome that receives the most votes (with ties decided
at random), regardless of whether or not you voted
for the winning option.
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(v) Communications. There will be a chat room open prior
to the voting process, which allows you to send and
receive messages. Voters will be identified by their ID
numbers, and you are free to discuss any aspect of the
voting process during the 1-minute chat period.
(vi) Communications Network. You will be able to communicate with only two other voters in your group,
who are your neighbors in the sense of having ID
numbers adjacent to your ID. You should avoid
inappropriate language or attempts to arrange side
payments.

Page 4. Please select the best answer. Your answer will be
checked for you on the page that follows.
Question 1. Suppose that your voting cost is $0.21 and you are
of Type 1 in this round (different people will have different
types). If you decide to vote and incur this cost, your earnings
will be
◻ $1.79 if Option 𝑋 receives the most votes and $1.29
if Option 𝑌 receives the most votes;
◻ $1.79 if you voted for Option 𝑋 and Option 𝑋 wins,
$1.29 if you voted for Option 𝑌 and Option 𝑌 wins,
and $0.00 if the option you voted for does not win.

Page 2
(i) Voting Sequence. The option that receives the most
votes will determine earnings for all voters (irrespective of how each individual voted).

Submit answers

Outcome

(ii) Ties. In the event of a tie, one of the tied options will
be selected at random, with each tied option having
an equal chance of being selected.

Option 𝑋
Option 𝑌
Number
Voters:

(iii) Your Earnings. The option selected in the voting
process will determine your earnings. For example,
your earnings for each outcome in the first round are
Option 𝑋: $(individual payoff ),
Option 𝑌: $(individual payoff ).

type 2
$1.00
$1.50
6

Page 5

(iv) Voting Cost. If you do vote, you will incur a cost.
This cost will change randomly from round to round,
and it will vary randomly from person to person.
Each person’s voting cost will be a number that is
randomly selected from a range between $0.00 and
$0.42. You will find out your voting cost before you
decide whether to vote. You will not know anyone
else’s voting cost. Your total earnings will be the
amount determined by the voting outcome, minus
your voting cost (if any).
Page 3
(i) Individual Differences. There are 12 voters in your
group, who are divided into 2 “types,” as shown in
the table below. Your type and your earnings for
each possible outcome are indicated in the bright blue
column.
(ii) Payoff Backstory.
Option 𝑋 will implement an investment that
pays $2 to Type 1 voters and $1 to Type 2 voters;
Option 𝑌 will implement an investment that
pays $1.50 to both Type 1 and Type 2 voters.
Payoffs for all voters
type 1
Outcome
(you)
Option 𝑋
$2.00
Option 𝑌
$1.50
Number
6
Voters:
(you and 5 others)

Payoffs for all voters
type 1
(you)
$2.00
$1.50
6
(you and 5 others)

Question 1. Suppose that your voting cost is $0.21 and you are
of Type 1 in this round (different people will have different
types). If you decide to vote and incur this cost, your earnings
will be
⊡ $1.79 if Option 𝑋 receives the most votes and $1.29 if
Option 𝑌 receives the most votes;
◻ $1.79 if you voted for Option 𝑋 and Option 𝑋 wins,
$1.29 if you voted for Option 𝑌 and Option 𝑌 wins,
and $0.00 if the option you voted for does not win.
Your answer is Correct. You receive the payoff from the
relevant (blue) column in the payoff table, regardless of
whether you voted or not. In this case, the cost of voting is
deducted since you voted in this example.

Continue
Payoffs for all voters
type 1
Outcome
(you)
Option 𝑋
$2.00
Option 𝑌
$1.50
Number
6
Voters:
(you and 5 others)

type 2
$1.00
$1.50
6

Page 6 (instructions summary page)
type 2
$1.00
$1.50
6

(i) You will be matched with the same group of 11 other
people in each round.
(ii) All participants will begin by finding out their own
voting cost, which will be a randomly determined
number between $0.00 and $0.42. This cost will vary
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from person to person. After seeing your voting
cost, you will decide whether to incur this cost and
vote. The option that receives the most votes will be
selected. Your earnings will depend on the option
selected, although your voting cost (if any) will be
subtracted.
(iii) Please Note. Your earnings will be determined by
the outcome that receives the most votes (with ties
decided at random), regardless of whether or not you
voted for the winning option.
(iv) Each round will begin with a 1-minute chat period.
You will be able to communicate with only two other
voters in your group, who are your “neighbors” in
the sense of having ID numbers adjacent to your ID
number. You will have to press the Update button
manually to retrieve other’s messages as they arrive.
(v) There will be a number of rounds in this part of the
experiment. Your earnings for each round will be
calculated for you and added to previous earnings.
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By using data from a voluntary contribution mechanism experiment with heterogeneous endowments and asymmetric information,
we estimate a quantal response equilibrium (QRE) model to assess the relative importance of efficiency concerns versus
noise in accounting for subjects overcontribution in public good games. In the benchmark specification, homogeneous agents,
overcontribution is mainly explained by error and noise in behavior. Results change when we consider a more general QRE
specification with cross-subject heterogeneity in concerns for (group) efficiency. In this case, we find that the majority of the subjects
make contributions that are compatible with the hypothesis of preference for (group) efficiency. A likelihood-ratio test confirms
the superiority of the more general specification of the QRE model over alternative specifications.

1. Introduction
Overcontribution in linear public good games represents
one of the best documented and replicated regularities in
experimental economics. The explanation of this apparently
irrational behaviour, however, is still a debate in the literature.
This paper is aimed at investigating the relative importance of
noise versus preference for efficiency. In this respect, we build
and estimate a quantal response equilibrium (henceforth,
QRE [1]) extension of the model presented by Corazzini et al.
[2]. This boundedly rational model formally incorporates
both preference for efficiency and noise. Moreover, in contrast to other studies that investigate the relative importance
of error and other-regarding preferences, the QRE approach
explicitly applies an equilibrium analysis.

To reconcile the experimental evidence with the standard
economic framework, social scientists developed explanations based on refinements of the hypothesis of “otherregarding preferences”: reciprocity [3–6], altruism and spitefulness [7–9], commitment and Kantianism [10, 11], norm
compliance [12], and team-thinking [13–15].
Recently, an additional psychological argument to explain
agents’ attitude to freely engage in prosocial behavior is
gaining increasing interest: the hypothesis of preference for
(group) efficiency. There is evidence showing that experimental subjects often make choices that increase group
efficiency, even at the cost of sacrificing their own payoff
[16, 17]. Corazzini et al. [2] use this behavioral hypothesis
to explain evidence from linear public good experiments
based on prizes (a lottery, a first price all pay auction, and
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a voluntary contribution mechanism used as a benchmark),
characterized by endowment heterogeneity and incomplete
information on the distribution of incomes. In particular,
they present a simple model in which subjects bear psychological costs from contributing less than what is efficient
for the group. The main theoretical prediction of their
model when applied to linear public good experiments is
that the equilibrium contribution of a subject is increasing
in both her endowment and the weight attached to the
psychological costs of (group-) inefficient contributions in
the utility function. The authors show that this model is
capable of accounting for overcontribution as observed in
their experiment, as well as evidence reported by related
studies.
However, as argued by several scholars, rather than being
related to subjects’ kindness, overcontribution may reflect
their natural propensity to make errors. There are several
experimental studies [18–23] that seek to disentangle otherregarding preferences from pure noise in behavior by running
ad hoc variants of the linear public good game. A general
finding of these papers is that “warm-glow effects and random
error played both important and significant roles” [20, p. 842]
in explaining overcontribution.
There are several alternative theoretical frameworks that
can be used to model noise in behavior (bounded rationality)
and explain experimental evidence in strategic games. Two
examples are the “level-𝑘” model (e.g., [24–26]) and (reinforcement) learning models (e.g., [27]). In the “level-𝑘” model
of iterated dominance, “level-0” subjects choose an action
randomly and with equal probability over the set of possible
pure strategies while “level-𝑘” subjects choose the action that
represents the best response against level-(𝑘 − 1) subjects.
Level-𝑘 models have been used to account for experimental
results in games in which other-regarding preferences do not
play any role, such as 𝑝-Beauty contests and other constant
sum games. Since in public good games there is a strictly
dominant strategy of no contribution, unless other-regarding
preferences are explicitly assumed, “level-𝑘” models do not
apply. Similar arguments apply to learning models. In the
basic setting, each subject takes her initial choice randomly
and with equal probability over the set of possible strategies.
As repetition takes place, strategies that turn out to be more
profitable are chosen with higher probability. Thus, unless
other-regarding preferences are explicitly incorporated into
the utility function, repetition leads to the Nash equilibrium
of no contribution.
The QRE approach has the advantage that even in the
absence of other-regarding preferences it can account for
overcontribution in equilibrium. Moreover, we can use the
model to assess the relative importance of noise versus
efficiency concerns.
We start from a benchmark model in which the population is homogeneous in both concerns for (group) efficiency
and the noise parameter. We then allow for heterogeneity
across subjects by assuming the population to be partitioned
into subgroups with different degrees of efficieny concerns
but with the same value for the noise parameter.
In the QRE model with a homogeneous population, we
find that subjects’ overcontribution is entirely explained by
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noise in behavior, with the estimated parameter of concerns
for (group) efficiency being zero. A likelihood-ratio test
strongly rejects the specification not allowing for randomness
in contributions in favor of the more general QRE model. A
different picture emerges when heterogeneity is introduced
in the QRE model. In the model with two subgroups, the
probability of a subject being associated with a strictly
positive degree of preference for (group) efficiency is approximately one-third. This probability increases to 59% when
we add a third subgroup characterized by an even higher
efficiency concern. A formal likelihood-ratio test confirms
the superiority of the QRE model with three subgroups
over the other specifications. These results are robust to
learning processes over repetitions. Indeed, estimates remain
qualitatively unchanged when we replicate our analysis on
the last 25% of the experimental rounds. The rest of this
paper is structured as follows. In Section 2, we describe
the experimental setting. In Section 3, we present the QRE
extension of the model based on the preference for (group)
efficiency hypothesis. Section 4 reports results from our
statistical analysis. Section 5 concludes the paper.

2. The Experiment
We use data from three sessions of a voluntary contribution
mechanism reported by Corazzini et al. [2]. Each session
consisted of 20 rounds and involved 16 subjects. At the
beginning of each session, each subject was randomly and
anonymously assigned, with equal chance, an endowment
of either 120, 160, 200, or 240 tokens. The endowment was
assigned at the beginning of the experiment and was kept
constant throughout the 20 rounds. The experiment was run
in a strangers condition [28] such that, at the beginning
of each round, subjects were randomly and anonymously
rematched in groups of four players. This procedure was common knowledge. Thus, in each round, subjects made their
choices under incomplete information on the distribution
of the endowments in their group. In each round, every
subject had to allocate her endowment between an individual
and a group account. The individual account implied a
private benefit such that, for each token a subject allocated
to the individual account, she received two tokens. On the
other hand, tokens in the group account generated monetary
returns to each of the group members. In particular, each
subject received one token for each token allocated by her
or by any other member of her group to the group account.
Thus, the marginal per capita return used in the experiment
was 0.5. At the beginning of each round, the experimenter
exogenously allocated 120 tokens to the group account,
independently of subjects’ choices, thus implying 120 extra
tokens for each group member. At the end of each round,
subjects received information about their payoffs. Tokens
were converted to euros using an exchange rate of 1000
points per euro. Subjects, mainly undergraduate students of
economics, earned 12.25 euros on average for sessions lasting
about 50 minutes. The experiment took place in May 2006
in the Experimental Economics Laboratory of the University
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of Milan Bicocca and was computerized using the z-Tree
software [29].
The features of anonymity and random rematching narrow the relevance of some “traditional” behavioral hypotheses used to explain subjects’ overcontribution. For instance,
they preclude subjects’ possibility to reciprocate (un)kind
contributions of group members [30]. Moreover, under these
conditions, subjects with preferences for equality cannot
make compensating contributions to reduce (dis)advantageous inequality [31, 32]. Rather, the hypothesis of preference for (group) efficiency as a particular form of warm-glow
[8, 9] appears as a more plausible justification.

3. Theoretical Predictions and
Estimation Procedure
Consider a finite set of subjects 𝑃 = {1, 2, . . . , 𝑝}. In a generic
round, subject 𝑖 ∈ 𝑃, with endowment 𝑤𝑖 ∈ 𝑁+ , contributes
𝑔𝑖 to the group account, with 𝑔𝑖 ∈ 𝑁+ and 0 ≤ 𝑔𝑖 ≤ 𝑤𝑖 . The
monetary payoff of subject 𝑖 who contributes 𝑔𝑖 in a round is
given by
𝜋𝑖 (𝑤𝑖 , 𝑔𝑖 ) = 2 (𝑤𝑖 − 𝑔𝑖 ) + 120 + 𝑔𝑖 + 𝐺−𝑖 ,

(1)

where 𝐺−𝑖 is the sum of the contributions of group members
other than 𝑖 in that round. Given (1), if subjects’ utility only
depends on the monetary payoff, zero contributions are the
unique Nash equilibrium of each round. In order to explain
the positive contributions observed in their experiment,
Corazzini et al. [2] assume that subjects suffer psychological
costs if they contribute less than what is optimal for the group.
In particular, psychological costs are introduced as a convex
quadratic function of the difference between a subject’s
endowment (i.e., the social optimum) and her contribution.
In the VCM, player 𝑖’s (psychological) utility function is given
by
2

𝑢𝑖 (𝑤𝑖 , 𝑔𝑖 , 𝛼𝑖 ) = 𝜋𝑖 (𝑤𝑖 , 𝑔𝑖 ) − 𝛼𝑖

(𝑤𝑖 − 𝑔𝑖 )
,
𝑤𝑖

(2)

where 𝛼𝑖 is a nonnegative and finite parameter measuring
the weight attached to the psychological costs, (𝑤𝑖 − 𝑔𝑖 )2 /𝑤𝑖 ,
in the utility function. Notice that psychological costs are
increasing in the difference between a subject’s endowment
and her contribution. Under these assumptions, in each
round, there is a unique Nash equilibrium in which individual
𝑖 contributes:
𝑔𝑖NE =

2𝛼𝑖 − 1
𝑤𝑖 .
2𝛼𝑖

(3)

The higher the value of 𝛼𝑖 , the higher the equilibrium
contribution of subject 𝑖. The average relative contribution,
𝑔𝑖 /𝑤𝑖 , observed in the VCM sessions is 22%, which implies
𝛼 = 0.64.
Following McKelvey and Palfrey [1], we introduce noisy
decision-making and consider a Logit Quantal Response
extension of (2). In particular, we assume subjects choose
their contributions randomly according to a logistic quantal

response function. Namely, for a given endowment, 𝑤𝑖 ,
and contributions of the other group members, 𝐺−𝑖 , the
probability that subject 𝑖 contributes 𝑔𝑖 is given by

𝑞𝑖 (𝑤𝑖 , 𝑔𝑖 , 𝛼𝑖 , 𝜇) =

exp {𝑢𝑖 (𝑤𝑖 , 𝑔𝑖 , 𝛼𝑖 ) /𝜇}

𝑤
∑𝑔𝑗𝑖=0

exp {𝑢𝑖 (𝑤𝑖 , 𝑔𝑗 , 𝛼𝑖 ) /𝜇}

,

(4)

where 𝜇 ∈ R+ is a noise parameter reflecting a subject’s
capacity of noticing differences in expected payoffs.
Therefore each subject 𝑖 is associated with a 𝑤𝑖 dimensional vector q (𝑤𝑖 , g , 𝛼𝑖 , 𝜇) containing a value of
𝑖
𝑖
𝑞𝑖 (𝑤𝑖 , 𝑔𝑖 , 𝛼𝑖 , 𝜇) for each possible contribution level 𝑔𝑖 ∈ g ≡
𝑖
{0, . . . , 𝑤𝑖 }. Let {q (𝑤𝑖 , g , 𝛼𝑖 , 𝜇)}𝑖∈𝑃 be the system including
𝑖
𝑖
q (𝑤𝑖 , g , 𝛼𝑖 , 𝜇), ∀𝑖 ∈ 𝑃. Notice that since others’ contribu𝑖
𝑖
tion, 𝐺−𝑖 , enters the r.h.s of the system, others’ 𝑞𝑖 will also
enter the r.h.s. A fixed point of {q (𝑤𝑖 , g , 𝛼𝑖 , 𝜇)}𝑖∈𝑃 is, hence, a
𝑖

𝑖

quantal response equilibrium (QRE), {qQRE (𝑤𝑖 , g , 𝛼𝑖 , 𝜇)}𝑖∈𝑃 .
𝑖
𝑖
In equilibrium, the noise parameter 𝜇 reflects the dispersion of subjects’ contributions around the Nash prediction
expressed by (3). The higher the 𝜇, the higher the dispersion
of contributions. As 𝜇 tends to infinity, contributions are
randomly drawn from a uniform distribution defined over
[0, 𝑤𝑖 ]. On the other hand, if 𝜇 is equal to 0, the equilibrium
contribution collapses to the Nash equilibrium. (more specifically, for each subject 𝑖 equilibrium contributions converge to
𝑞𝑖 (𝑤𝑖 , 𝑔𝑖NE , 𝛼𝑖 , 0) = 1 and 𝑞𝑖 (𝑤𝑖 , 𝑔𝑖 , 𝛼𝑖 , 0) = 0, ∀𝑔𝑖 ≠ 𝑔𝑖NE .)
In this framework, we use data from Corazzini et al. [2]
to estimate 𝛼 and 𝜇, jointly. We proceed as follows. Our
initial analysis is conducted by using all rounds (𝑛 = 20)
and assuming the population to be homogeneous in both
𝛼 and 𝜇. This gives us a benchmark that can be directly
compared with the results reported by Corazzini et al. [2].
In our estimation procedure, we use a likelihood function
that assumes each subject’s contributions to be drawn from
a multinomial distribution. That is,

𝐿 𝑖 (𝑤𝑖 , g , 𝛼, 𝜇) =
𝑖

𝑤𝑖
𝑛!
∏ 𝑞𝑖QRE
𝑤𝑖
∏𝑔𝑗 =0 𝑛 (𝑔𝑗 )! 𝑔𝑘 =0

𝑛(𝑔𝑘 )

(𝑤𝑖 , 𝑔𝑘 , 𝛼, 𝜇)

,

(5)
where 𝑛(𝑔𝑗 ) is the number of times that subject 𝑖 contributed
𝑔𝑗 over the 𝑛 rounds of the experiment, and similarly for
𝑛(𝑔𝑘 ). The contribution of each person to the log-likelihood
is the log of expression (5). The Maximum Likelihood
procedure consists of finding the nonnegative values of 𝜇 and
𝛼 (and corresponding QRE) that maximize the summation
of the log-likelihood function evaluated at the experimental
data. In other words, we calculate the multinomial probability
of the observed data by restricting the theoretical probabilities to QRE probabilities only.
We then extend our analysis to allow for cross-subject
heterogeneity. In particular, we generalize the QRE model
above by assuming the population to be partitioned into 𝑆
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Table 1: Homogeneous population (all rounds).

𝜇
𝛼
(Predicted) avg. contributions
Overall endowments
𝑤𝑖 = 120
𝑤𝑖 = 160
𝑤𝑖 = 200
𝑤𝑖 = 240
log 𝑙𝑙
Obs.

Data
—
—

CFS
—
0.64

(1) 𝜇, 𝛼
1
0.64

(2) 𝜇, 𝛼
21.83 [19.69; 24.34]
0.64

(3) 𝜇, 𝛼
41.59 [39.11; 44.34]
0 [0; 0.01]

37.91
34.02
24.53
47.50
45.57

39.38
26.25
35.00
43.75
52.50

960

960

39.41
26.34
35.03
43.76
52.50
−8713.95
960

60.24
44.84
55.68
65.57
74.86
−3483.79
960

37.91
34.12
37.67
39.48
40.36
−3170.69
960

This table reports average contributions as well as estimates and predictions from various specifications of the model based on the efficiency concerns
assumption using all 20 rounds of the experiment. CFS refers to the specification not accounting for noise in subjects’ contributions while (1), (2), and (3)
are Logit Quantal Response extensions of the model. In (1) 𝛼 and 𝜇 are constrained to 0.64 and 1, respectively. In (2), the value on 𝛼 is set to 0.64, while
𝜇 is estimated through (5). Finally, (3) refers to the unconstrained model in which both 𝛼 and 𝜇 are estimated through (5). The table also reports, for each
specification, the corresponding log-likelihood. Confidence intervals are computed using an inversion of the likelihood-ratio statistic, at the 0.01 level, subject
to parameter constraints.

subgroups that are characterized by the same 𝜇 but different
𝛼. In this case, the likelihood function becomes
𝐿 𝑖 (𝑤𝑖 , g , 𝛼1 , 𝛼2 , . . . , 𝛼𝑆 , 𝛾1 , 𝛾2 , . . . , 𝛾𝑆 , 𝜇)
𝑖

𝑆

= ∑𝛾𝑠
𝑠=1

𝑤

𝑛!

𝑤𝑖

∏ 𝑞𝑖QRE (𝑤𝑖 , 𝑔𝑘 , 𝛼𝑠 , 𝜇)

∏𝑔𝑗𝑖=0 𝑛 (𝑔𝑗 )! 𝑔𝑘 =0

𝑛(𝑔𝑘 )

,

(6)

where 𝛾1 , 𝛾2 , . . . , 𝛾𝑆 , with ∑𝑆𝑠=1 𝛾𝑠 = 1, are the probabilities for agent 𝑖 belonging to the subgroup associated with
𝛼1 , 𝛼2 , . . . , 𝛼𝑆 , respectively. This allows us to estimate the value
of 𝜇 for the whole population, the value of 𝛼1 , 𝛼2 , . . . , 𝛼𝑆
for the 𝑆 subgroups, and the corresponding probabilities,
𝛾1 , 𝛾2 , . . . , 𝛾𝑆 . For identification purposes we impose that 𝛼𝑠 ≤
𝛼𝑠+1 . The introduction of one group at a time accompanied by
a corresponding likelihood-ratio test allows us to determine
the number of 𝛼-groups that can be statistically identified
from the original data. In the following statistical analysis,
estimates account for potential dependency of subject’s contributions across rounds. Confidence intervals at the 0.01
level are provided using the inversion of the likelihood-ratio
statistic, subject to parameter constraints, in line with Cook
and Weisberg [33], Cox and Hinkley [34], and Murphy [35].

4. Results
Using data from the 20 rounds of the experiment, Table 1
reports (i) average contributions (by both endowment type
and overall) observed in the experiment, (ii) average contributions as predicted by the model not accounting for
noise in subjects’ contributions, and (iii) estimates as well as
average contributions from different parameterizations of the
Logit Quantal Response extension of the model. In particular,
specification (1) refers to a version of the model in which
both 𝛼 and 𝜇 are constrained to be equal to benchmark values

based on Corazzini et al. [2]. Under this parameterization, 𝛼 is
fixed to the value computed by calibrating (3) on the original
experimental data, 0.64, while 𝜇 is constrained to 1. (Table 4
shows the Maximum Likelihood estimation value of 𝛼 when
we vary 𝜇. It is possible to see that for a large range of values of
𝜇 this value is close to 0.64. We choose 𝜇 = 1 as a sufficiently
low value in which the estimated 𝛼 is close to 0.64 and thus
provide a noisy version of the base model which can be used
for statistical tests.)
As shown by the table, specification (1) closely replicates
predictions of the original model presented by Corazzini
et al. [2] not accounting for noise in subjects’ contributions.
In specification (2), 𝛼 is fixed to 0.64, while 𝜇 is estimated
by using (4). The value of 𝜇 increases substantially with
respect to the benchmark value used in specification (1).
A likelihood-ratio test strongly rejects specification (1) that
imposes restrictions on the values of both 𝛼 and 𝜇 in favor
of specification (2) in which 𝜇 can freely vary on R+ (LR =
10460.33; Pr{𝜒2 (1) > LR} < 0.01). However, if we compare
the predicted average contributions of the two specifications,
we find that specification (1) better approximates the original
experimental data. This is because a higher value of the noise
parameter spread the distributions of contributions around
the mean. Therefore even with mean contributions further
from the data (induced by the fixed value of 𝛼) the spread
induced by the noise parameter in specification (2) produces
a better fit. This highlights the importance of taking into
account not only the average (point) predictions but also the
spread around it. It also suggests that allowing 𝛼 to vary can
improve fit.
In specification (3), 𝛼 and 𝜇 are jointly estimated using
(5), subject to 𝛼 ≥ 0. If both parameters can freely vary
over R+ , 𝛼 reduces to zero and 𝜇 reaches a value that
is higher than what was obtained in specification (2). As
confirmed by a likelihood-ratio test, specification (3) fits
the experimental data better than both specification (1)
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Table 2: Homogeneous population (last 5 rounds).

𝜇
𝛼
(Predicted) avg. contributions
Overall endowments
𝑤𝑖 = 120
𝑤𝑖 = 160
𝑤𝑖 = 200
𝑤𝑖 = 240
log 𝑙𝑙
Obs.

Data

CFS
—
0.59

(1) 𝜇,̄ 𝛼̄
1
0.59

(2) 𝜇, 𝛼̄
11.63 [9.80; 13.95]
0.59

(3) 𝜇, 𝛼
26.91 [24.14; 30.17]
0 [0; 0.03]

25.94
21.13
17.63
35.28
29.70

26.39
17.59
23.46
29.32
35.19

240

240

26.91
18.44
24.04
29.71
35.45
−1675.03
240

44.78
34.55
41.68
48.30
54.60
−987.54
240

25.94
25.05
26.01
26.30
26.39
−885.62
240

This table reports average contributions as well as estimates and predictions from various specifications of the model based on the efficiency concerns
assumption using the last 5 rounds of the experiment only. The same remarks as in Table 1 apply.

Table 3: Heterogeneous subjects (all and last 5 rounds).
𝜇
𝛼1
𝛼2
𝛼3
𝛾1
𝛾2
(Predicted) avg. contributions
Overall endowments
𝑤𝑖 = 120
𝑤𝑖 = 160
𝑤𝑖 = 200
𝑤𝑖 = 240
log 𝑙𝑙
Obs.

𝜇, 𝛼1 , and 𝛼2 (𝑛 = 20)
28.50 [25.88; 31.26]
0 [0; 0.01]
0.53 [0.46; 0.60]

𝜇, 𝛼1 , and 𝛼2 (𝑛 = 5)
15.07 [12.90; 17.64]
0 [0; 0.02]
0.54 [0.47; 0.61]

0.66 [0.53; 0.78]

0.63 [0.50; 0.75]

37.15
32.06
36.04
39.01
41.48
−3112.06
960

25.57
22.17
24.63
26.77
28.73
−865.75
240

𝜇, 𝛼1 , 𝛼2 , and 𝛼3 (𝑛 = 20)
22.14 [20.56; 23.95]
0 [0; 0.01]
0.43 [0.39; 0.46]
1.04 [0.92; 1.16]
0.41 [0.33; 0.46]
0.50 [0.43; 0.55]

𝜇, 𝛼1 , 𝛼2 , and 𝛼3 (𝑛 = 5)
14.25 [12.04; 16.85]
0 [0; 0.02]
0.48 [0.40; 0.56]
0.76 [0.53; 1.01]
0.59 [0.49; 0.64]
0.34 [0.23; 0.40]

38.51
31.97
36.78
40.83
44.45
−3083.35
960

25.72
22.07
24.68
26.99
29.13
−865.16
240

This table reports estimates and predictions from two specifications of the model with efficiency concerns accounting for cross subject heterogeneity in the
value of 𝛼. The analysis is conducted both by including all experimental rounds and by focusing on the last five repetitions only. Parameters are estimated
through (6). Given the linear restriction ∑𝑆𝑠=1 𝛾𝑠 = 1, we only report estimates of 𝛾1 , 𝛾2 , . . . , 𝛾𝑆−1 . Confidence intervals are computed using an inversion of the
likelihood-ratio statistic, at the 0.01 level, subject to parameter constraints.

(LR = 11086.54; Pr{𝜒2 (2) > LR} < 0.01) and specification
(2) (LR = 626.21; Pr{𝜒2 (1) > LR} < 0.01). Thus, under the
maintained assumption of homogeneity, our estimates suggest that contributions are better explained by randomness in
subjects’ behavior rather than by concerns for efficiency.
In order to control for learning effects, we replicate our
analysis using the last five rounds only.
Consistent with a learning argument, in both specifications (2) and (3), the values of 𝜇 are substantially lower
than the corresponding estimates in Table 1. Thus, repetition
reduces randomness in subjects’ contributions. The main
results presented above are confirmed by our analysis on
the last five periods. Looking at specification (3), in the
model with no constraints on the parameters, the estimated
value of 𝛼 again drops to 0. Also, according to a likelihoodratio test, specification (3) explains the data better than both

specifications (1) (LR = 1578.83; Pr{𝜒2 (2) > LR} < 0.01)
and (2) (LR = 203.85; Pr{𝜒2 (1) > LR} < 0.01).
These results seem to reject the preference for (group)
efficiency hypothesis in favor of pure randomness in subjects’
contributions. However, a different picture emerges when
we allow for cross-subject heterogeneity. In Table 3 we drop
the assumed homogeneity. We consider two models with
heterogeneous subjects: the first assumes the population to
be partitioned into two subgroups (𝑆 = 2) and the second
into three subgroups (𝑆 = 3). (We have also estimated a
model with 𝑆 = 4. However, adding a fourth subgroup does
not significantly improve the goodness of fit of the model
compared to the specification with 𝑆 = 3. In particular, with
𝑆 = 4, the point estimates for the model with all periods
are 𝜇 = 21.81, 𝛼1 = 0, 𝛼2 = 0.38, 𝛼3 = 0.61, 𝛼4 = 1.04,
𝛾1 = 0.39, 𝛾2 = 0.42, and 𝛾3 = 0.09.) As before, we conduct
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Table 4

𝜇
1000.00
500.00
333.33
250.00
200.00
166.67
142.86
125.00
111.11
100.00
90.91
83.33
76.92
71.43
66.67
62.50
58.82
55.56
52.63
50.00
40.00
30.30
20.00
10.00
9.09
8.00
7.04
5.99
5.00
4.00
3.00
2.00
1.00
0.90
0.80
0.70
0.60
0.50
0.40

𝛼
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0.14
0.33
0.50
0.52
0.53
0.55
0.56
0.57
0.58
0.59
0.60
0.61
0.61
0.61
0.61
0.61
0.61
0.61

Log-likelihood
−3637.64
−3591.79
−3548.7
−3508.34
−3470.67
−3435.64
−3403.19
−3373.25
−3345.76
−3320.64
−3297.8
−3277.17
−3258.65
−3242.16
−3227.61
−3214.93
−3204.01
−3194.79
−3187.18
−3181.1
−3171.22
−3192.52
−3247.22
−3444.42
−3488.26
−3555.57
−3634.45
−3753.67
−3916.89
−4173.35
−4615.92
−5547.35
−8506.13
−9181.67
−10032.07
−11133.38
−12612.63
−14699.13
−17852.64

This table reports Maximum Likelihood estimates of 𝛼 for selected values of
𝜇 (see (5)). The last column reports the corresponding log-likelihood value.

our analysis both by including all rounds of the experiment
and by focusing on the last five repetitions only.
We find strong evidence in favor of subjects’ heterogeneity. Focusing on the analysis over all rounds, according to
the model with two subgroups, a subject is associated with
𝛼1 = 0 with probability 0.66 and with 𝛼2 = 0.53 with
probability 0.34. Results are even sharper in the model with
three subgroups: in this case 𝛼1 = 0 and the two other 𝛼parameters are strictly positive: 𝛼2 = 0.43 and 𝛼3 = 1.04.
Subjects are associated with these values with probabilities

0.41, 0.50, and 0.09, respectively. Thus, in the more parsimonious model, the majority of subjects contribute in a way
that is compatible with the preference for (group) efficiency
hypothesis. These proportions are in line with findings of
previous studies [18, 21, 22] in which, aside from confusion,
social preferences explain the behavior of about half of the
experimental population.
Allowing for heterogeneity across subjects reduces the
estimated randomness in contributions: the value of 𝜇
reduces from 41.59 in specification (3) of the model with
homogeneous population to 28.50 and 22.14 in the model
with two and three subgroups, respectively. According to a
likelihood-ratio test, both the models with 𝑆 = 2 and 𝑆 = 3 fit
the data better than the (unconstrained) specification of the
model with homogeneous subjects (for the model with 𝑆 = 2,
LR = 117.25; Pr{𝜒2 (2) > LR} < 0.01, whereas for the model
with 𝑆 = 3, LR = 174.66; Pr{𝜒2 (4) > LR} < 0.01). Moreover,
adding an additional subgroup to the model, with 𝑆 = 2,
significantly increases the goodness of fit of the specification
(LR = 57.42; Pr{𝜒2 (2) > LR} < 0.01). As before, all these
results remain qualitatively unchanged when we control for
learning processes and we focus on the last 5 experimental
rounds.
In order to check for the robustness of our results in
Table 3, we have also estimated additional specifications
accounting for heterogeneity in both concerns for (group)
efficiency and noise in subjects’ behavior. Although the loglikelihood of the model with both sources of heterogeneity
significantly improves in statistical terms, the estimated
values of the 𝛼-parameters remain qualitatively the same as
those reported in the third column of Table 3.

5. Conclusions
Is overcontribution in linear public good experiments
explained by subjects’ preference for (group) efficiency or,
rather, does it simply reflect their natural attitude to make
errors? In order to answer this fundamental question, we
estimate a quantal response equilibrium model in which, in
choosing their contributions, subjects are influenced by both
a genuine concern for (group) efficiency and a random noise
in their behavior.
In line with other studies, we find that both concerns
for (group) efficiency and noise in behavior play an important role in determining subjects’ contributions. However,
assessing which of these two behavioral hypotheses is more
relevant in explaining contributions strongly depends on
the degree of cross-subject heterogeneity admitted by the
model. Indeed, by estimating a model with homogeneous
subjects, the parameter capturing concerns for (group) efficiency vanishes while noise in behavior entirely accounts
for overcontribution. A different picture emerges when we
allow the subjects to be heterogeneous in their concerns for
efficiency. By estimating a model in which the population
is partitioned into three subgroups that differ in the degree
of concerns for efficiency, we find that most of the subjects
contribute in a way that is compatible with the preference
for (group) efficiency hypothesis. A formal likelihood-ratio
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test confirms the supremacy of the QRE model with three
subgroups over the other specifications.
Previous studies [18–23] tried to disentangle the effects of
noise from other-regarding preferences by mainly manipulating the experimental design. Our approach adds a theoretical
foundation in the form of an equilibrium analysis. In contrast
to studies which focus mostly on (direct) altruism, we follow
Corazzini et al. [2] and allow for preference for efficiency.
Our results are in line with the literature in the sense that we
also conclude that a combination of noise and social concerns
plays a role. Our results, however, are directly supported by a
sound theoretical framework proven valid in similar settings
(e.g., [36]).
Recent studies [37, 38] have emphasized the importance
of admitting heterogeneity in social preferences in order to
better explain experimental evidence. In this paper we show
that neglecting heterogeneity in subjects’ social preferences
may lead to erroneous conclusions on the relative importance
of the love for (group) efficiency hypothesis with respect to
the confusion argument. Indeed, as revealed by our analysis,
the coupling of cross-subject heterogeneity in concerns for
(group) efficiency with noise in the decision process seems
to be the relevant connection to better explain subjects’
contributions.

Appendix
Table 4 shows the Maximum Likelihood value of 𝛼 and the
log-likelihood according to (5) as 𝜇 decreases from 1000 to
0.4. As shown by the table, for high values of 𝜇, the estimated
value of 𝛼 is 0. When 𝜇 is equal to 10, the estimated value of
alpha is 0.50. Moreover, for 𝜇 lower than 2.00, the estimated
value of 𝛼 is 0.61. For the specification tests presented in
Section 4, we set 𝜇 = 1. This is a sufficiently low value of 𝜇
in order to generate a noisy version of the base model. Two
arguments indicate why this choice is valid. First, for a range
of values including 𝜇 = 1, the estimated 𝛼 is stable. Moreover,
since the log-likelihood of a model with 𝛼 = 0.61 and 𝜇 = 1
is higher than that corresponding to a model with 𝜇 = 0.4
(and similarly for 𝛼 = 0.64), the choice of any 𝜇 lower than
1 for the benchmark value would only reinforce the results
of Section 4. More specifically, both likelihood-ratio statistics
comparing specifications (1) with specifications (2) and (3) of
Tables 1 and 2 would increase.

Conflict of Interests
The authors declare that there is no conflict of interests
regarding the publication of this paper.

Acknowledgments
The authors thank Arthur Schram, Jens Grosser, and participants to the 2010 Credexea Meeting at the University
of Amsterdam, 2011 IMEBE in Barcelona, and 2011 Annual
Meeting of the Royal Economic Society in London for useful
comments and suggestions.

7

References
[1] R. D. McKelvey and T. R. Palfrey, “Quantal response equilibria
for normal form games,” Games and Economic Behavior, vol. 10,
no. 1, pp. 6–38, 1995.
[2] L. Corazzini, M. Faravelli, and L. Stanca, “A prize to give
for: an experiment on public good funding mechanisms,” The
Economic Journal, vol. 120, no. 547, pp. 944–967, 2010.
[3] R. Sugden, “Reciprocity: the supply of public goods through
voluntary contributions,” The Economic Journal, vol. 94, no. 376,
pp. 772–787, 1984.
[4] H. Hollander, “A social exchange approach to voluntary contribution,” The American Economic Review, vol. 80, no. 5, pp.
1157–1167, 1990.
[5] A. Falk and U. Fischbacher, “A theory of reciprocity,” Games and
Economic Behavior, vol. 54, no. 2, pp. 293–315, 2006.
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We study the effect of competition on income distribution by means of a two-stage experiment. Heterogeneous endowments are
earned in a contest, followed by a surplus-sharing task. The experimental test confirms our initial hypothesis that the existence of
a middle class is as effective as institutional hurdles in limiting the power of the less able in order to protect the more able players
from being expropriated. Furthermore, majoritarian voting with a middle class involves fewer bargaining impasses than granting
veto rights to the more able players and, therefore, is more efficient.

1. Introduction
In recent years, public awareness of an increasingly lopsided
distribution of income and wealth in Western countries has
strongly increased [1]. Most OECD countries have witnessed
growing inequality over the past 20 years [2]. In particular, the
gap between the bottom and the top deciles of the household
income distribution has risen dramatically. The decile ratio
currently amounts to about 1 : 15 in the US and 1 : 9 in the
OECD-34, and even in a Nordic welfare state like Sweden it
is close to 1 : 6. Given the fact that the typical OECD income
distribution is right-skewed [3], it does not come as a surprise
that income tax progression is much higher in the US than in
Sweden [4].
Observers diagnose the formation, as well as deliberate
establishment, of a winner-take-all society in which the
middle class is gradually eroded [5–7]. A few superstars,
which may (or may not) be the most able practitioners
in a particular area, receive all the profit while the others’
efforts are in vain (e.g., [8–10]). Some commentators expect
this development to result in increasing societal division,
distributive struggle, and violent conflict [11].
On the other hand, the fall of communist regimes in
1989 has demonstrated the crippling effects of excessive

egalitarianism on economic efficiency and growth [12, 13].
Societies, or groups, thus need to strike a balance between
both excessive inequality and excessive equality. In principle,
either an institutional or a structural condition is sufficient to
protect a society against excesses from both sides. On the one
hand, institutional rules of collective decision-making giving
veto power to all stakeholders [14, 15] enforce a consensual
decision and thereby make the distributional struggle an issue
of explicit negotiation. On the other hand, the existence of
a neutral but opportunistic middle class serves as a buffer
between the upper and the lower classes because they fear
expropriation from both sides and will thus side with the
weaker group in case of conflict [16–18]. Moreover, not being
the main target of redistribution, members of the middle class
will let their decisions be guided more by moral values such
as justice norms than the other two socioeconomic groups
[19–21].
The two conditions, however, differ with respect to their
decision efficiency. Although the unanimity rule minimizes
external costs due to the inclusion of all members of the
society, it also allows every member to hold up the decision
until the outcome satisfactorily represents its particular interests. For this reason, this arrangement is almost inexistent at
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the level of nation states and is notorious for its detrimental
effects in the security council of the United Nations. Because
of its crippling implications, the unanimity rule has been
replaced by qualified majority for many policy areas in the
European Council by the Lisbon Treaty in 2007. In contrast,
the position-based interests of the middle class limit the costs
burdened upon the minority because its members will shift
sides as soon as demands on the minority become expropriatory. The existence of a middle class thus quasiautomatically
corrects for both excessive inequality and equality without
generating the hold-up effect of an institutional rule.
In this paper, we experimentally test the composite
hypothesis following from this argument that, in democratic
and competitive organizations, both the existence of a middle
class and institutional hurdles can protect the most able
organization members from the demand of the least able for
excessive income distribution policies (Protection Hypothesis); yet, setting up institutional hurdles is inferior to relying
on a middle class as institutional hurdles involve efficiency
losses due to bargaining impasses (Efficiency Hypothesis).
In our experiment, we directly test whether a neutral
middle class is as effective as an institutional rule to avoid
excessive expropriation or extremely low redistribution. The
second goal of the paper is to check if the existence of a middle
class leads to higher efficiency than institutional hurdles.
The experiment was composed of two consecutive tasks.
During the first task, subjects took part in a multiple-prize
rank-order contest that involved a simple cognitive ability
task. The contest rewarded effort by assigning the first prize
to the most able subject, the second prize to the second most
able subject, and so on. Following Moldovanu and Sela [22],
the contest ensured that more able subjects should expend
more effort in order to win it. Hereby, we focus on the
impact of the skewness of the prize scheme on effort and
its interaction with ex-post income distribution. During the
second task players first deliberated on sharing a surplus
(using a group chat). As soon as the deliberation time had
elapsed, they simultaneously and anonymously made their
binding proposals for a distribution parameter. The proposal
that achieved the quorum was played out and the surplus
shares were added to the prize money won in the contest. If
a group missed the quorum, the players received only their
prizes.
We find that the Protection Hypothesis is clearly supported
by our data. The existence of a neutral middle class is as
effective as institutional hurdles. The Efficiency Hypothesis
is also supported. Institutional hurdles come at the costs of
significantly less efficiency in terms of higher default rates.
The corroboration of both hypotheses allows us to give a clear
recommendation for the rich. The rich should brace against
the erosion of the middle class because the middle class is the
efficient protection of the rich.
The rest of the paper is organized as follows. Section 2
links our paper to the literature. Section 3 introduces
the theoretical framework of our experiment and derives
testable hypotheses. Section 4 explains how the models were
transferred into the experimental lab. Section 5 reports the
results of the experiment. Section 6 discusses the results and
concludes the paper.
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2. Literature Review
If we assume that subjects solely follow self-interest and that
self-interest is directly expressed in a social contract with
a corresponding level of redistribution, we find ourself in
the world of the median voter theorem [23]. Following this
theory, an increasing skewness must result in larger pressure
for equalization because the median voter’s income declines
and hence her interest in redistribution increases [23, 24].
Disregarding the possibility of revolutionary redistribution
(tax rates exceeding one), the most extreme form of equalization within a society is to implement, by means of collective
decision, a measure which results in equal payoffs. This result,
however, is likely to generate socially inefficient outcomes
because it undermines the willingness of the more able to
expend effort [25].
Our paper contributes to the growing literature analyzing why the rich do not get expropriated. Besides the
above-mentioned protection through institutional hurdles or
the existence of a neutral middle class, another stream in
the literature stresses different explanations why the poor
median voter does not necessarily follow the median voter’s
prediction. The “prospects of upward mobility” hypothesis
[26] brings forward the argument that some voters who
have an income below the mean expect that their future
income will be above the mean. The expectation of these
voters works against votes for high levels of redistribution.
Roemer [27] and Roemer and Lee [28] show that voting about
redistribution is also affected by religion and race. The more
fragmented the population is with regard to both dimensions,
the lower is the willingness to redistribute. Alesina and
Angeletos [13] and Fong [29] show that if the poor believe
that the rich are rich because they had invested high efforts
and have high abilities, the pressure for redistribution is low.
According to extensive empirical and experimental literature,
people tend to accept some amount of inequality if it can be
attributed to individual effort and ability (e.g., [30–35]). Klor
and Shayo [36] find that if the poor identify themselves with
the nation (rich and poor) the poor do not want to harm
members of the nation and therefore do not expropriate the
rich. Moreover, Glaeser et al. [18] highlight that, beyond being
protected from expropriation through institutions which are
maintained to enforce low levels of redistribution, the betteroff are able to manipulate institutions to their own profit.
Our paper adds an additional explanation of why the poor
cannot enforce high levels of redistribution. We argue that the
middle class acts as an uninvolved spectator not affected by
redistribution that does not have an interest in excesses from
either side.
We contribute to a recent wave of research investigating
voting on redistribution. This literature sheds some light
on the voting decision by using experiments. The main
methodological advantage of using experiments is that it
allows us to detect how preferences affect the voting-decision.
A stylized fact generated by this literature is that voters are
willing to sacrifice their own payoffs in order to achieve a
more equal payoff distribution, which has been explained by
social preferences or social identity. Tyran and Sausgruber
[37] reported supporting evidence for inequity theory [38]
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but emphasized the importance of being pivotal for voting
on redistribution. Similarly, Höchtl et al. [39] showed that
for empirically plausible cases inequality-averse voters may
not matter for redistribution outcomes. Moreover, they did
not observe efficiency-loving voters. Bolton and Ockenfels
[40] investigated the trade-off between equity and efficiency
motives in a voting game with three voters. They found
that twice as many voters were willing to give up their
own payoff in favor of an equal distribution as compared
to a more efficient but unequal distribution. Messer et al.
[41] studied the impact of majority voting on the provision
of a public good. They detected substantial concerns for
efficiency in the subjects’ behavior but found little support
for inequality aversion and maximin preferences. Paetzel
et al. [42] investigated whether voters would be willing to
sacrifice their own payoff in order to implement not only
an efficiency-increasing but also an inequality-increasing
reform. This case can be thought of as the reverse of voting on
efficiency-reducing but inequality-decreasing redistribution.
They showed that efficiency preferences of potential reformlosers outweighed the inequality aversion of reform-gainers.
Klor and Shayo [36] reported a trade-off between socialidentity concerns and payoffs maximization: a subset of
their sample systematically deviated from monetary payoff
maximization towards a tax rate benefiting their group. Such
deviations can neither be explained by efficiency concerns
nor by inequality aversion.
Recently, Balafoutas et al. [43] reported on an experiment similar to ours (heterogenous initial endowments,
quiz versus random assignment, majority vote, and neutral
middle player), which generated a number of interesting
results. For example, the players with the highest and the
lowest endowments were mainly driven by material selfinterest. Low-endowment players, however, signalled their
willingness to cooperate by increasing their contributions if
the redistribution rate was determined by majority vote.1 Our
experiment differs in various important respects: the size of
the pie to be redistributed is exogenously given, our game
involves a communication phase before voting on the tax, and
we vary both the initial distribution of endowments and the
institutional background in terms of the quorum.
A bit against the trend, Esarey et al. [44] and Durante
et al. [45] still found redistribution to be strongly related to
the self-interest of voters. Durante et al. [45] showed that
support for redistribution vanishes if taxation was associated
with costs and deadweight losses and if participants earned
their incomes in a real effort task.

3. Theoretical Framework
In this section, we introduce the theoretical framework of
our experiment in order to derive testable hypotheses. The
experiment was composed of two consecutive tasks, namely,
a contest and a demand game. The contest is explained in
the first subsection. It was used for allocating subjects’ initial
endowments. The protection hypothesis presupposes that
initial endowments adequately reflect subjects’ abilities. We
did not induce abilities, but subjects took part in a multipleprize rank-order contest that involved a simple knowledge
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test. Assuming that subjects knew their own abilities to solve
the knowledge test and had a guess about the distribution of
abilities within the sample, which was made up of their fellow
students, the contest ensured that more able subjects would
expend more effort in order to win it. Effort was rewarded
by assigning the first prize to the most able subject, the
second prize to the second most able subject, and so on. The
theoretical setup for the contest was taken from Moldovanu
and Sela [22]. Sheremeta et al. [46] showed the rank-order
contest to generate higher effort than lottery and proportional
contests.2
The demand game is explained in the second subsection.
It was used for investigating the impact of different allocations of initial endowments and institutional setups on the
acknowledgment of abilities and effort, respectively. Subjects
first deliberated on sharing a surplus. As soon as the deliberation time had elapsed, they simultaneously and anonymously
made their binding proposals for a distribution parameter.
The proposal that achieved the quorum was played out and
the surplus shares were added to the prize money won in the
contest. If a group missed the quorum, the subjects received
only their prizes. Such coordination and bargaining games
with preplay communication (also known as cheap talk) have
intensively been studied in the literature (for surveys see, e.g.,
[47–49]). The task determined the distribution parameter by
vote and required a communication phase prior to finalizing
the proposals such that group members could coordinate
towards a distribution parameter capable of winning the
necessary majority. In the context of our experiment, the
results of Roth [50, 51] are highly relevant, who showed that
cheap talk focuses subjects’ attention on a small number
of fairness norms in unstructured bargaining experiments
(see also [52]). More specifically, subjects identify initial
bargaining positions that have some special reason for being
credible and these serve as focal points.
In the third subjection, we derive testable hypotheses
from the theoretical models. We first identify three potential
focal points of the demand game, namely, the egalitarian
solution, equal sharing, and proportional sharing. Then, each
experimental setup is assigned its most likely sharing rule
by theoretical consideration. We also analyze the possibility
of disagreement. Finally, we argue by backward induction
whether and how the sharing rule enacted in the demand
game could impact subjects’ willingness to expend effort in
the contest.
3.1. The Contest. Following Moldovanu and Sela [22], we
consider a contest with three prizes 𝜋𝑗 , where 𝜋1 > 𝜋2 ≥ 𝜋3 ≥
0. The total prize money Π = ∑3𝑗=1 𝜋𝑗 has been exogenously
fixed by the contest organizer. The set of contestants is given
by K = {𝐴, 𝐵, 𝐶}. Individual effort is denoted by 𝑥𝑖 , where
we set 𝑥𝐴 > 𝑥𝐵 > 𝑥𝐶. The contest success function is
perfectly discriminatory; that is, contestant 𝐴 is awarded the
first prize 𝜋1 , contestant 𝐵 is awarded the second prize 𝜋2 , and
contestant 𝐶 is awarded the third prize 𝜋3 . Making an effort
involves a cost 𝑐𝑖 𝛾(𝑥𝑖 ).3 𝛾 is a strictly increasing function with
𝛾(0) = 0. 𝑐𝑖 > 0 is an ability parameter. The lower is 𝑐𝑖 , the
higher is the ability of contestant 𝑖 and the lower is the cost of
effort.
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Individual abilities are private information. They are
independently drawn from the closed interval [𝑚, 1], where
𝑚 > 0, and have a continuous distribution function 𝐹(𝑐)
which is common knowledge. To put it simply, we assume
that ability follows a uniform distribution 𝐹(𝑐) = ((1/(1 −
𝑚))𝑐 − 𝑚/(1 − 𝑚))𝐼[𝑚,1] (𝑐) + 𝐼(1,∞) (𝑐), where 𝐼 is an indicator
function taking a value of one if 𝑐 is inside the stated interval
and otherwise taking a value of zero. It can be shown (see
Appendix C in [22]) that in the Nash equilibrium individual
effort is given by
3

1

1
𝑥 (𝑐) = 𝛾 ( ∑𝜋𝑗 ∫ − 𝐹𝑗 (𝑎) 𝑑𝑎) ,
𝑎
𝑐
𝑗=1
−1

(1)

where
𝐹𝑗 (𝑎) =

(3 − 1)!
(1 − 𝐹 (𝑎))3−𝑗−1 𝐹 (𝑎)𝑗−2
(𝑗 − 1)! (3 − 𝑗)!

(2)



⋅ 𝐹 (𝑎) ((1 − 3) 𝐹 (𝑎) + (𝑗 − 1)) .
In order to interpret (1), one has to realize that a subject’s
probability of wining prize 𝑗, 1 ≤ 𝑗 ≤ 3, given her ability
𝑎 ∈ [𝑚, 1], can be represented by an order statistic
𝐹𝑗 (𝑎) =

(3 − 1)!
(1 − 𝐹 (𝑎))3−𝑗 𝐹 (𝑎)𝑗−1 .
(𝑗 − 1)! (3 − 𝑗)!

(3)

This equation takes into account that subject 𝑗 meets 2
competitors of whom 3 − 𝑗 are less able than 𝑗 and 𝑗 − 1
are more able. Equation (2) is the first derivative of (3) with
respect to ability. Hence, the payoff-maximizing equilibrium
effort stated in (1) is a function of the weighted sum of the
three prizes, and the weights differ from subject to subject
according to their abilities 𝑐. Shaked and Shanthikumar [53]
have shown that, if 𝛾(𝑐) is a strictly increasing function, effort
is a monotonically decreasing function of the cost of ability 𝑐
and is zero at 𝑐 = 1. Hence, the most able subject will expend
the highest effort and win the first price, the medium subject
will win the second prize, and the least able subject will
expend the lowest effort (but not necessarily zero effort) and
win the third prize. Since there is a unique relation between
ability, effort, and prize, in the following we will call the most
able subject the 𝐴-player, the medium able subject the 𝐵player, and the least able subject the 𝐶-player.
The bidding function (1) is too complex to be solved
analytically for the “structural parameters” of the prize
scheme that are of interest for us, namely, its mean, variance,
and skewness. Nevertheless, clear predictions concerning
subjects’ effort reactions can be derived for each parameter
change by numerical simulation. In Appendix A, we report
the results of simulating a contest with 𝑐 = {0.4, 0.6, 0.8}
and 𝑚 = 0.2, assuming linear cost functions. The predicted
outcome for each prize scheme applied in the experiment
is shown in Table 4. The columns list groups of three
hypothetical subjects with their abilities, expected winning
probabilities, expected returns, efforts, ranks, prizes, costs,
and net payoffs (recall that subjects did not know the abilities
of the other subjects, but supposedly only the distribution

of ability). Table 5, also located in Appendix A, summarizes
the information given in Table 4 by listing each prize scheme
with its parametrization.4 Additionally it states the mean and
the coefficient of variation of predicted effort. As can be seen
from the table, predicted effort doubles if the prize money
is doubled and if the coefficient of variation of the prize
scheme is doubled, and it is almost halved when the prize
scheme becomes right-skewed. Furthermore, within-group
effort variation increases with a right-skewed prize scheme.
3.2. The Demand Game. The second task is a variation of
the Nash demand game [54]. After awarding the prizes to
the contestants, the contest organizer asks the contestants to
make an arbitrary number of proposals 𝑠 = {𝑠𝐴 , 𝑠𝐵 , 𝑠𝐶} for
sharing a surplus 𝑆 = Π; that is, total prize money is doubled.
However, the surplus is made available only if one of the
proposals is supported by a qualified majority of the group
of contestants. If none prevails, the contestants receive only
their prizes 𝜋𝐷 = {𝜋𝐴 , 𝜋𝐵 , 𝜋𝐶} and exit the game (default
option). If one of the proposals becomes accepted, it is made
binding and the contestants receive their gross payoffs 𝜋𝛼 =
{𝜋𝐴 + 𝑠𝐴 , 𝜋𝐵 + 𝑠𝐵 , 𝜋𝐶 + 𝑠𝐶}. The following restriction applies
to the set of feasible distributions of 𝑆:
2
𝑠𝑖𝛼 = 𝛼𝜋𝑖 + (1 − 𝛼) ( Π − 𝜋𝑖 )
3

∀𝑖 ∈ {𝐴, 𝐵, 𝐶} , 0 ≤ 𝛼 ≤ 1.
(4)

It is straightforward to show that any feasible agreement 𝛼 ∈
[0, 1] would be weakly preferred by each contestant over the
default option if 𝑠𝑖 ≥ 0 or 0 ≤ 𝜋𝑖 ≤ (2/3)Π. Hence, assuming
that the latter condition holds, the default option can never be
a Nash equilibrium. Conversely, any agreement is a Paretoefficient Nash equilibrium. We refer to 𝛼 as the distribution
parameter in the following.5
This unstructured bargaining protocol, in which subjects
could first freely communicate and thereafter had to submit
their binding proposals for 𝛼 simultaneously and anonymously, is ideal for studying the distribution of the surplus
and its interaction with the contest for two reasons (for a
critical survey of bargaining theories and their experimental
tests, see, e.g., [55]): First, existing experimental evidence
clearly suggests that subjects coordinate on a small number of
focal points or fairness norms in such settings.6 Distributions
that could potentially serve as focal points in our experiment
are addressed below. Second, the bargaining protocol allows
for studying, apart from conflict of interest, the impact of
different institutional settings in terms of voting rules on
the frequency of disagreement as required for testing the
Efficiency Hypothesis.7 Sequential bargaining protocols such
as Rubinstein’s [56] and, in its finite version, Baron and
Ferejohn’s [57] are inappropriate for studying our research
questions because they exhibit unique subgame perfect Nash
equilibria, and they assign proposer and responder roles to
the players.
3.3. Focal Points and Hypotheses. The demand game outlined
in the previous subsection has three potential focal points
which correspond to different distribution principles or
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Figure 1: Sharing a surplus. The figure shows the gross payoffs 𝜋𝑖𝛼
of players 𝑖 = 𝐴 (horizontal axis) and 𝐵 and 𝐶 (vertical axis) for
sharing a surplus of 𝑆 = Π = 50 with a right-skewed distribution of
prizes 𝜋 = {26, 12, 12}. ER represents the bargaining set as well as the
Pareto frontier. D marks the default option (no agreement). Three
focal points E (egalitarian), A (equal sharing), and R (proportional
sharing) are depicted together with their corresponding values of the
distribution parameter 𝛼.

fairness norms. Figure 1 gives a self-explaining example for
a right-skewed distribution of prizes 𝜋𝐷 = (26, 12, 12).
Total prize money and surplus are given by Π = 𝑆 = 50.
The “budget line” ER represent the bargaining set as well
as the Pareto frontier. With regard to 𝛼 we can distinguish
three interesting special cases. First, for 𝛼 = 1, we obtain a
𝑅 𝑅 𝑅
, 𝑠𝐵 , 𝑠𝐶}, where 𝑠𝑖𝑅 = 𝜋𝑖 ∀𝑖 ∈
surplus distribution 𝑠𝑅 = {𝑠𝐴
{𝐴, 𝐵, 𝐶}, that is proportional to the prize money earned in
the contest and, thus, has a strong positive correlation with
effort. In comparison to the distribution of prizes 𝜋𝐷 =
{𝜋𝐴 , 𝜋𝐵 , 𝜋𝐵 } (point D) the resulting gross payoff distribution
𝜋𝑅 = {2𝜋𝐴 , 2𝜋𝐵 , 2𝜋𝐶} (point R in the figure) preserves the
degree of inequality measured by any relative (scale invariant)
inequality measure. The equity standard underlying 𝜋𝑅 is well
known as proportional sharing [58]. It targets the individual
opportunity costs of the players [59].
Second, for 𝛼 = 0.5, surplus is shared equally 𝑠𝑖𝐴 =
(1/3)Π, proportional to the size of the surplus, and uncorrelated with effort. Compared with 𝜋𝐷 the distribution 𝜋𝐴 =
{𝜋𝐴 + (1/3)Π, 𝜋𝐵 + (1/3)Π, 𝜋𝐶 + (1/3)Π} does not change
any absolute (translation invariant) inequality measure. The
respective focal point is marked by point A in Figure 1.
Moulin [58, page 162] argued that “any symmetric solution
concept would divide equally the surplus.” The equal sharing
rule rewards cooperation rather than effort.
In the third case, 𝛼 = 0 yields 𝑠𝑖𝐸 = (2/3)Π − 𝜋𝑖 ,
which is proportional to the gap between the equal share
in total resources (prize money and surplus) and own prize.
𝑠𝑖𝐸 is negatively correlated with effort. An equal distribution
of gross payoffs 𝜋𝐸 = {(2/3)Π, (2/3)Π, (2/3)Π} (point E)
occurs (egalitarian solution). Here, the surplus is devoted
to wiping out all inequality with regard to gross payoff by
imposing a distribution principle which resembles Rawls’

[60] difference principle (though the demand game does not
involve a veil of ignorance). However, if erroneously applied
to gross income instead of net income, this principle penalizes
effort by reversing the rank ordering produced by the contest.
As regards different setups of the demand game, we have
the following expectations. The unanimity rule assigns every
subject the same veto power regardless of her performance
in the contest. Hence, subjects deal separately with the
different tasks. In the default option of the demand game,
the experimenter retains the surplus; that is, all subjects
are treated alike in being given nothing. In line with the
literature (see, e.g., [61]), we therefore conjecture the so-called
symmetric solution, equal sharing (𝛼 = 0.5), to be the only
distribution standard compatible with the unanimity rule.
If the demand game is played with simple majority voting
instead of the unanimity rule, we have to carefully distinguish
between symmetric and right-skewed prize schemes. Let 𝜋 =
(1/3)Π denote the equal share. The first derivative of (4) with
respect to 𝛼 is given by
𝜕𝑠𝑖𝛼
= 2 (𝜋𝑖 − 𝜋) .
𝜕𝛼

(5)

A payoff-maximizing subject would therefore vote for 𝛼 = 1
if her prize money exceeds the equal share, she would vote
for 𝛼 = 0 if her prize money falls short of the equal share,
and she would be indifferent if her prize money equals 𝜋. In
our experimental setup, right-skewed prize schemes consist
of two prizes falling short of 𝜋 and one prize exceeding
it. Hence, the 𝐵- and 𝐶-players are expected to agree on
𝛼 = 0, giving rise to the egalitarian solution. In contrast
to this, if a symmetric prize scheme applies, the 𝐵-player is
indifferent because she cannot change her personal surplus
share by voting on 𝛼. The 𝐵-player’s vote on the distribution
parameter might be guided by social preferences. Inequity
aversion would induce the 𝐵-player to agree with the 𝐶-player
on an 𝛼 < 0.5. On the other hand, if she acknowledges the
higher ability of the 𝐴-player, she might agree with the 𝐴player on an 𝛼 > 0.5. The 𝐵-player might not be interested in
𝛼 at all and just randomizes between the proposals of 𝐴 and
𝐶 in order to prevent the default option. Since, we have no
a priori information about the distribution of 𝐵’s preferences,
we conjecture that any feasible agreement 𝛼 ∈ [0, 1] is equally
likely. Hence, on average, we should observe that 𝛼 = 0.5,
the equal sharing distribution standard. These considerations
lead to a testable version of the Protection Hypothesis.
(H1) Both unanimity rule and simple majority voting with
a symmetric prize scheme result in a moderate level
of redistribution (𝛼 = 0.5, equal sharing). Simple
majority voting with a right-skewed prize scheme
leads to the lowest possible value of the distribution
parameter; namely 𝛼 = 0, the egalitarian solution.
Recall that any agreement 𝛼 ∈ [0, 1] is a Pareto-efficient
Nash equilibrium. Nevertheless, default might occur if subjects decide to veto an agreement in order to prevent “unfair”
outcomes. Then, they would sacrifice potential payoff in
exchange for keeping the respective prize scheme intact.
Obviously, subjects’ veto power is highest if the decision
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mode is the unanimity rule. Furthermore, it is more difficult
for three subjects to coordinate on a joint distribution standard than just for two as in the case, where 𝛼 is determined by
simple majority vote. These considerations lead to a testable
version of the Efficiency Hypothesis.
(H2) Fixing the distribution standard by the unanimity rule
involves more group disagreement in terms of default
than simple majority voting and, therefore, is less
efficient.
Finally, we have to address the issue whether subjects
change their behavior in the contest when anticipating the
results of the demand game. Large distribution parameters
1 ≥ 𝛼 ≥ 0.5 definitely preserve the rank ordering determined
by the contest in terms of net payoff. A risk neutral contestant
would therefore plan her effort independent from the surplus
sharing task. Small distribution parameters 0.5 > 𝛼 ≥ 0
would punish effort and possibly reverse the rank ordering in
terms of net payoff if 𝛼 is sufficiently close to zero. In that case,
the marginal return on effort becomes negative and effort is
expected to diminish strongly. Hence, we can complement the
Protection Hypothesis and the Efficiency Hypothesis by the
following hypothesis.
(H3) Subjects on average expend less effort in contests with
right-skewed prize schemes if the decision mode in
the demand game is simple majority voting.

4. Experimental Design
The experiment was held in the experimental economics
laboratory at the University of Bremen and the University
of Oldenburg using z-Tree [62].8 In total, 216 subjects participated in 12 sessions in the 90-minute long experiments.
Subjects were recruited using the recruitment system ORSEE
[63]. About half of the subjects were female (45.6%). 37%
of the participants were students of economics, 18% were
students of social sciences, and the rest came from all other
fields. Participants were on average in the sixth semester. At
the outset, subjects were drawn from the subject pool and
randomly assigned to a single session. No subject was allowed
to take part more than once. We used anonymous random
matching of the subjects assigned to a certain treatment into
their respective groups. Hence, individual decisions should
be independent from one another.
4.1. Treatment and Round Structure. The experiment involved four treatments that differed in
(i) the way subjects were allocated their initial endowments 𝜋𝐷 (contest, random);
(ii) the quorum required for fixing the distribution
parameter 𝛼 (majority, unanimity).
Our Baseline treatment is contest × majority. Subjects first
took part in a contest and then determined the distribution
parameter for sharing the surplus by majority vote.9 In
the Veto treatment unanimity was required, that is, every
contestant was given the same veto power. We additionally

conducted Baseline and Veto without a contest in the first
step. Here, initial endowments were randomly allocated to
the subjects (Control-B and Control-V treatments). Each
treatment involved eight rounds. Rounds differed as to the
first three moments (mean, variance, and skewness) of the
prize schemes. In each round, the prize scheme was presented
to the subjects before the knowledge test started.
Given the structure of our experiment, treatment effects
regarding the impact of the quorum and endowment allocation procedure are investigated at the between-subjects
level. Treatment effects regarding the impact of the shape
of the prize scheme are investigated at the within-subjects
level. This procedure was chosen, on the one hand, in order
not to confuse subjects with different voting and allocation
mechanisms and, on the other hand, to study the impact
of the variation of the moments of the prize scheme on the
subjects’ effort and distribution preferences. Apart from this
argument, the number of subjects needed for the experiment
shrunk by a factor of eight.
4.2. First Task: Knowledge Test. Subjects participated under
time pressure in a contest. More specifically, they were presented ten questions differing in complexity which had been
taken from an intelligence test. Questions were displayed
in sequential order. Participants had a time restriction of
15 seconds per question. Going back and forth between
questions was not possible.10 For each right (wrong) answer
they obtained (lost) one point. Questions that remained
unanswered after the time limit of 150 seconds yielded
zero points. After having completed the test, subjects were
randomly matched with two other subjects into groups
of three. A subject’s success in terms of points collected
determined his or her rank 𝑖 ∈ {𝐴, 𝐵, 𝐶} in the group. A
random number drawn from the unit interval was added
to the number of collected points in order to avoid ties.
Participants were informed about the procedure but were not
informed whether they were actually affected.
In each round, each rank was endowed with a prize in
tokens exchangeable for money at the end of the experiment.
The respective amount was taken from the left of Table 1.
Note that the number stated in the first column of the table
is given for reference purposes only. The prize schemes were
presented in randomized order to each group.11 After the
end of the quiz, subjects learned their own ranks and the
ranks of the other group members, and received their prize
money according to the relevant prize scheme.12 They did not
receive information about the absolute number of correctly
solved tasks of any group member. The group assignment was
renewed in every round (stranger design) in order to avoid
supergame effects.13
An important feature of the set of prize schemes is
that symmetric prize schemes render the 𝐵-player “neutral”
because her final payoff is independent of 𝛼. To see this, we
plug 𝜋𝐵 = (1/3)Π into (4), which yields 𝑠𝐵𝛼 = (1/3)Π for
all 𝛼 ∈ [0, 1]. Hence, it is only her “impartial” distribution
attitude, which decides whether or not to agree, later on in
the surplus-sharing task, with player 𝐴 or 𝐶 on a specific 𝛼,
and not self-interest. As opposed to this, right-skewed prize
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Table 1: Set of prize schemes.
Rank
Number

𝐴

𝐵

𝐶

1
2
3
4
5
6
7
8

33
67
25
50
36
72
26
52

17
33
17
33
7
14
12
24

0
0
8
17
7
14
12
24

Mean
l
h
l
h
l
h
l
h

Parameters
Coefficient of
Variation
h
h
l
l
h
h
l
l

Skewness
s
s
s
s
r
r
r
r

Note. L: low, h: high, s: symmetric, and r: right-skewed.

schemes discriminate against the 𝐵-player by allocating the
same prize money to her and 𝐶. Since 𝐵 tried harder than 𝐶,
it is likely that her net payoff from the contest will fall below
𝐶’s. Regardless of that, 𝐵’s expected utility is higher than 𝐶’s
because she is more able and; therefore, she will expend more
effort.
If subjects were assigned to the Control treatments their
ranks 𝑖 ∈ {𝐴, 𝐵, 𝐶} were determined by a random number
generator instead of a contest. Everything else, in particular
the parametrization of the rounds, stayed the same.
4.3. Second Task: Surplus Sharing. The second task involved
a phase of preplay communication. Subjects were allowed to
chat with their group mates about the distribution parameter
to be fixed. For this purpose, we arranged a separate chat
room for each group. A calculator for the gross payoff
distribution was available during the whole task. The chat was
available for three minutes at maximum. Afterwards, subjects
were prompted to type in, simultaneously and anonymously,
their preferred distribution parameter. The subjects were
informed that if there was no agreement on a distribution
parameter according to the necessary quorum, they would
only receive their prize money. In Baseline at least two group
members had to type in exactly the same distribution parameter. In Veto all group members had to type in exactly the
same distribution parameter in order to find an agreement.
Note that the parametrization of the experiment secured that
the distribution of the surplus for a given prize scheme was
equivalent to redistributing half of total income (the sum
of prize money and surplus). Each distribution standard 𝛼
corresponded to a specific level of redistribution 𝜏 = 1 − 𝛼.14
For example, the egalitarian distributional standard 𝛼 = 0
corresponded to full redistribution 𝜏 = 100 percent. We
favored the design of the experiment as a distributional
problem over its presentation as a redistribution task because
the chosen design highlights that in case of group default
subjects are left alone with their individual outcomes from the
contest and nobody can benefit from belonging to a group or
society.
At the end of the experiment, after the eighth round had
been played, one round was randomly selected for payoff.

The distribution parameter agreed upon by the group was
applied for calculating the gross payoff. If subjects failed to
reach an agreement in the surplus sharing task, they received
only their prizes. Finally, tokens were converted at a rate
of 4 : 1 into Euros. All payments were made in cash and in
private. The minimum and the maximum possible payoffs
were zero and 36 Euros, respectively. On average, subjects
earned C12.01 (≈US$ 13.67) plus a show-up fee of C5 (≈US$
5.69) for about 90 minutes of work.

5. Results
We present the results of our experiment in three steps.
First, we investigate individual and group effort, then we
compare the default rates between different treatments and
prize schemes, and, finally, we report the results of testing the
hypotheses regarding the outcome of the vote and relate them
to effort choice. Furthermore, the outcome of the surplus
sharing task after the contest is compared with a setup where
the contest was replaced by a random generator.
5.1. Effort. Baseline and Veto were conducted each with
72 subjects, randomly forming 72 × 8/3 = 192 groups.
We start off with the analysis of individual effort expended
in the contest. The results of running separate fixed effects
(FE) regressions for both treatments are presented in Table 2.
We regressed individual effort on the parameters of the
prize schemes, mean (0 = low, 1 = high), variance
(0 = low, 1 = high), and skewness (0 = symmetric,
1 = right skewed). The expected signs of their coefficients
are given in the last column of the table. The fit of these
regressions is very low, which is not too surprising given
the usual noise in experimental data and given the fact that
we did not induce abilities. Varying mean and variance did
not have a significant influence on individual effort.15 For
skewness, we obtain a rather interesting pattern. In Baseline,
subjects behaved as expected by significantly reducing effort
with right-skewed prize schemes. As opposed to this, in Veto
subjects increased effort as compared to symmetric prize
schemes. In the following, we will therefore concentrate on
skewness, quorum, and their interaction.
Mean group effort across all treatments is 8.25 points.
Figure 2 shows how group effort varied between treatments and prize schemes, each bar representing 96 group
observations. As indicated by the FE regression, the mean
difference between Veto and Baseline is negative and
insignificant (−0.13, SE: 0.51, 𝑃 = 0.399).16 Due to the
opposing effect of skewness between treatments, the mean
effort difference between symmetric and right-skewed prize
schemes is insignificant too (0.27, SE: 0.51, 𝑃 = 0.300).
In fact, mean group effort, like individual effort, decreases by
1.66 points (SE: 0.68) in Baseline, which is highly significant
(𝑃 ≤ 0.01), while it increases by 1.13 points (SE: 0.77) in Veto,
which is significant at the 10% level (𝑃 = 0.065).
We conclude that hypothesis H3 is clearly supported
by our data both at the individual and at the group level.
Subjects expended less effort in contests with right-skewed
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Table 2: Individual effort by treatment.

0.21
0.2

Mean
Variance
Skewness
Constant

−0.281
0.038
−0.552
3.170

𝑅2
𝐹

0.0132
3.76

Mean
Variance
Skewness
Constant

−0.313
−0.063
0.375
2.729

𝑅2
𝐹

0.008
1.96

SE
Baseline
0.231
0.209
0.194
0.200

Expected
sign

𝑃
0.228
0.855
0.006
0.000

+
+
−

Veto
0.208
0.181
0.222
0.180

Mean group effort

0.03
0.01

0

+
+
−

0.137
0.731
0.095
0.000

Symmetric

Skewed

Baseline

Symmetric

Skewed

Veto

Figure 3: Default rates. The figure shows the default rate by
treatment and prize scheme. 𝑛 = 96 for each bar.

0.128

8.75
7.49

7.63

Skewed

Symmetric

6
4
2
0
Symmetric

0.1

0.015

9.15

8

0.15

0.05

Note. Fixed effects regression (𝑛 = 72 in both regressions). Endogenous
variable: effort. SE: robust standard errors. Subject and period dummies. 𝑃:
significance level of a two-tailed 𝑡-test.

10

0.16
Default rate

Coefficient

Baseline

Skewed

Veto

Figure 2: Mean effort. The figure shows mean group effort in points
by treatment and prize scheme. 𝑛 = 96 for each bar.

prize schemes when the surplus sharing task involved the
simple majority rule. Additionally, we observed the opposite
effect for the Veto treatment, though the effect was less
pronounced. In order to analyze our subjects’ effort reactions
to the anticipation of surplus distribution in the second part
of the experiment more closely, we compiled the respective
information on mean effort, separated by rank and treatment,
in Table 6 in Appendix A. First focusing on simple majority
voting, it becomes apparent that the decline of group effort
was mainly due to the less able subjects 𝐵 and 𝐶 who
expended significantly less effort when the contest involved
a right-skewed prize scheme (𝐵-player: 𝑃 = 0.004; 𝐶player: 𝑃 = 0.043), while the most able subject 𝐴 also
showed a negative but insignificant reaction (𝑃 = 0.326).
The unanimity rule induced all subjects to expend a bit more

effort when the contest involved a right-skewed prize scheme,
but all differences are insignificant (𝐴-player: 𝑃 = 0.167; 𝐵player: 𝑃 = 0.216; 𝐶-player: 𝑃 = 0.114). Hence, we refrain
from speculating about the reasons for this effect.
5.2. Default. Before moving on to analyzing the distribution
parameter, we have to filter out those groups that failed to
come to an agreement. The overall default rate is 10.2%.
Figure 3 shows the default rates by treatment and prize
scheme. As expected by the Efficiency Hypothesis, the unanimity requirement for 𝛼 made default more likely in Veto
than in Baseline (mean difference: 16.1%, SE: 3.0%, 𝑃 ≤
0.01). At first sight, default rates also seem to be lower for
right-skewed prize schemes, but the difference turned out to
be insignificant at usual significance levels (3.6%, SE: 3.1%,
𝑃 = 0.119). Applying the test separately to each treatment
does not change the result (Baseline: 2.1%, SE: 2.1%, 𝑃 =
0.157; Veto: 5.2%, SE: 5.6%, 𝑃 = 0.176). We conclude that H2
is clearly supported by the data. Note that groups that failed at
finding an agreement on 𝛼 exhibited significantly lower group
effort (0.769 points, SE: 0.276, 𝑃 = 0.003). Default was not
associated with higher within-group effort variation (mean
difference: −7.0%, SE: 51.2%, 𝑃 = 0.554).
5.3. Distribution. After excluding groups that defaulted,
345 group observations remained, 188 (93/95) in Baseline
(symmetric/right-skewed) and 157 (76/81) in Veto. The
mean of the distribution parameter across all groups is
0.366; that is, the average distribution attitude is a mixture
between equal sharing (point A in Figure 1) and the difference
principle (point E). However, the black bars in Figure 4 show
𝛼s of around 0.5 (equal sharing) for all situations except
for Baseline (majority) combined with right-skewed prize
schemes. There, 𝛼 is very close to zero, that is, the egalitarian
distribution standard. Comparing means between treatments
(Veto versus Baseline: 0.142, SE: 0.029, 𝑃 ≤ 0.01) and
between prize schemes (symmetric versus skewed: 0.236, SE:
0.027, 𝑃 ≤ 0.01) supports the Protection Hypothesis that
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0.50

0.5

0.47

Mean of 𝛼

0.42

0.39

0.4
0.3

9

0.29

0.29

0.2
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0.1
0.03
0
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Skewed
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Figure 4: Distribution parameter. The figure shows the mean of
the distribution parameter 𝛼 by treatment and prize scheme. Black
bars represent Baseline and Veto (contest); 𝑛 = 93, 95, 76, and
81 group observations. White bars represent Control (random
endowment); 𝑛 = 48, 48, 47, and 41 group observations.

unanimity requirement and symmetric prize schemes make
strong (re)distribution less likely. The effect of skewness is
more extreme in Baseline but significant in both treatments
(Baseline: 0.400, SE: 0.038, 𝑃 ≤ 0.01; Veto: 0.043, SE: 0.029,
𝑃 = 0.069).
We conclude that H1 is clearly supported by the data.
Additionally, we take a glance at the final proposals for 𝛼
submitted by the different players (the respective figures can
be taken from the right panel of Table 6 in Appendix A).
As implied by the Protection Hypothesis, it is mainly the 𝐵player who is responsible for this result. When moving from
symmetric to right-skewed prize schemes, her 𝛼 drops from
0.51 – punctuating her neutrality – to 0.10 (𝑃 ≤ 0.01). It is
also interesting to see that both the 𝐴-player and the 𝐵-player
made concessions: when moving to a right-skewed prize
scheme the 𝐴-player “offered” 𝛼 = 0.4 instead of 𝛼 = 0.59
(𝑃 ≤ 0.01); when moving to a symmetric prize scheme the 𝐵player “offered” 𝛼 = 0.41 instead of 𝛼 = 0.1 (𝑃 ≤ 0.01). In the
Veto treatment, we observe significant differences between
symmetric and right-skewed prize schemes with regard to the
submitted 𝛼 too (𝐴-player: 𝑃 = 0.052; 𝐵-player: 𝑃 = 0.026;
𝐶-player: 𝑃 = 0.032). Although all results are relatively close
to equal sharing (𝛼 = 0.4), subjects seem to have perceived
the right skewed prize scheme less fair than the symmetric
and, therefore, were willing to compensate the losers with a
slightly larger share of the surplus. Finally, we would like to
note that the dispersion of submitted distribution parameters
was highest in Baseline with right-skewed prize schemes,
pointing to huge friction within the respective groups.
One could argue that the 𝛼-values represented by the
black bars do not relate to subjects’ approval of individual
effort or ability in the contest, but to their acceptance of
the prize-schemes specified by the experimenter. In order to
check for that objection, we set up the Control treatment,
where subjects were randomly endowed with the same set of
“prizes” as in Baseline and Veto. 72 subjects participated

in Control. The white bars in Figure 4 represent the
mean 𝛼-values of the groups that did not default. There
are two striking observations. First, the average height of
the white bars is significantly lower than the black ones
(0.247 versus 0.366, mean difference: −0.119, SE: 0.025, 𝑃 ≤
0.01). This means that randomly endowing subjects gave rise
to a more egalitarian distribution attitude. Groups strove
towards wiping out inequality caused by chance rather than
effort. Second, the white bars seem to replicate the black-bar
pattern produced by the contest. The situation with majority
vote and right-skewed initial endowment exhibits the lowest
distribution parameter of only 0.03.
Table 3 gives the difference of the group mean of 𝛼
between contest and random endowment by quorum and
prize scheme. All mean differences exhibit the expected
sign and are significantly greater than zero at least at the 5
percent level. Figure 4 and Table 3 indicate that the difference
between contest and random endowment is largest for situations involving symmetric endowments/prize schemes and
majority vote. This conjecture is supported by the data, the
difference of the mean differences of 𝛼 between symmetric
× majority and symmetric × unanimity is 0.147 (SE: 0.069,
𝑃 = 0.017), right-skewed × majority is 0.087 (SE: 0.068,
𝑃 = 0.100), and right-skewed × unanimity is 0.139 (SE:
0.064, 𝑃 = 0.015). All other pairwise difference tests are
insignificant. In other words, if at all, individual effort in
terms of success in a contest is acknowledged by a group
majority only if the prize scheme is symmetric and the
distribution of the surplus is determined by the majority vote.
Despite the general acceptance of the outcome of the contests,
groups on average agreed on a distribution parameter close to
0.5, making equal sharing the dominant distribution motive.
This setup was also associated with highest group effort (9.15,
see Figure 2). The acceptance of the outcome of the contest
shrunk dramatically with a right-skewed prize scheme. In this
situation the majority agreed willingly on counteracting exante inequality by imposing the difference principle. Hence,
default rates shrunk, but at the cost of lower effort. The
unanimity requirement obviously shifted the focus away from
effort towards cooperation in order to obtain the surplus.
In that situation groups geared themselves to equal sharing
combined with a small correction for ex-ante inequality. The
respective 𝛼-values fall below 0.5 and are almost independent
from the shape of the prize scheme/endowment distribution.

6. Conclusion
In this paper, we experimentally test if both the existence
of a middle class and institutional hurdles can protect the
most able members of the society from the demand of
the least able for excessive income distribution policies
(Protection Hypothesis). We operationalized the institutional
rule by the quorum needed for a group decision (majority
versus unanimity) and the social structure by the existence
of a middle class in contrast to a winner-take-all society.
Moreover, we have argued that setting up institutional hurdles
is inferior to relying on a middle class as institutional
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Table 3: Contest versus random endowment.

Prize scheme

Symmetric

Right-skewed

Quorum
Majority
0.218
(0.057)
𝑃 ≤ 0.01
0.079
(0.029)
𝑃 ≤ 0.01

Unanimity
0.071
(0.035)
𝑃 = 0.022
0.131
(0.031)
𝑃 ≤ 0.01

Note. First row: mean difference of 𝛼 between contest and random. Second
row: standard errors. Third row: significance level of a one-tailed 𝑡-test.

B. Instructions
B.1. Welcome to the Experiment and Thank You for Participating! Please do not talk to other participants during the
entire experiment! During the experiment, you have to make
several decisions. Your individual payoff depends on your
own decision and the decisions of your group members due
to the following rules. You will be paid individually, privately,
and in cash after the experiment. During the experiment, we
will talk about Tokens as the experimental currency. After the
experiment, Tokens will be transferred into Euros with the
following exchange rate:
10 Tokens = 2.50 Euros.

hurdles involve efficiency losses due to bargaining impasses
(Efficiency Hypothesis).
The experiment directly tests our main hypotheses. We
find that the Protection Hypothesis is clearly supported by
our data. The existence of a neutral middle class is as
effective as institutional hurdles to protect the rich from being
expropriated. Hereby, the middle class balances the interests
of the poor and the rich. The middle class does not have
an interest in excesses from one side because redistribution
shifts money from the rich to the poor. We argue that the
middle class can be interpreted as an uninvolved spectator
who has no interest to favor one group over another. The
Efficiency Hypothesis is also supported. Institutional hurdles
come at the cost of significantly less efficiency in terms of
higher default rates. Hereby, a higher default rate means that
the payoff for both the rich and the poor is lower. Even, at
the individual level, we could observe that subjects expend
more effort if the prize scheme involved a moderating middle
player. The corroboration of both hypotheses allows us to
draw the conclusion that the middle class is the efficient
protection of the rich.
We contribute to the literature about why the rich do
not get expropriated. Leaving aside the branch of the literature which summarizes the reasons of why the poor do
not expropriate the rich (e.g., beliefs, identity, and social
preferences of the poor), we study a constellation in which the
rich can actively protect themselves from being expropriated.
Although any extrapolation of our laboratory results has to
be done carefully, we note that our finding that collective
decisions have been less equalizing and more efficient under
the majority rule with a neutral middle player than in groups
with a right-skewed prize structure resonates well with the
empirical data, supporting the warnings about the impact of
rising inequality on societal stability and economic growth
in contemporary societies. Coming back to the empirical
findings in the introduction: not only the middle class itself
but also the rich should have an interest in bracing against the
erosion of the middle class.

Appendices
A. Further Tables
See Tables 4, 5, and 6.

(B.1)

Please take your time reading the instructions and making
your decisions. You are not able to influence the duration of
the experiment by rushing through your decisions because
you always have to wait until the remaining participants
have reached their decisions. The experiment is completely
anonymous. At no time during the experiment or afterwards
will the other participants know which role you were assigned
to and how much you have earned.
If you have any questions please raise your hand. One
of the experimenters will come to you and answer your
questions privately. Following this rule is very important.
Otherwise the results of this experiment will be worthless for
scientific purposes. You will receive a show-up fee of 5 Euros
for your participation. Depending on your decisions and the
decisions of the other participants you can additionally earn
up to 144 Tokens (36 Euros). The expected duration of the
experiment is 90 minutes. The exact course of the experiment
will be described in the following.
B.2. Detailed Information. The experiment consists of 8
rounds which all follow the same course. In each round
participants will be randomly and repeatedly assigned to
groups of three members. Your payoff will be determined
only by your own decisions and decisions of the other group
members. Decisions of the other groups do not affect your
payment. No participant receives information about other
subjects’ final choices, although group members have the
possibility to communicate via chat to find an agreement. The
final decisions are anonymous within each group.
After the group assignment, a knowledge test follows
(in the control treatments, ranks were assigned by a random
generator instead of the knowledge test). The more questions
you answer correctly in the knowledge test, the higher your
potential payoff at the end of the experiment will be. The
knowledge test consists of various tasks. For each correctly
solved task you receive one point; each question you answered
incorrectly, a point is subtracted, and for not answering
questions you do not get any points. Based on the collected
points you will be assigned a rank within the group. The
player with the highest score in the knowledge test gets the
highest rank (rank 1) and also the highest token endowment.
The player with the lowest number of collected points will be
assigned the lowest rank (rank 3) and also the lowest token
endowment.
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Table 4: Predictions for the contest.

Player

Prize
scheme

Expected winning
probabilities (%)
2nd
3rd

Ability

Expected
return
𝐸(𝜋𝑖 )

Effort

Rank

Prize

Cost

Net
payoff

𝑖

𝑐𝑖

1st

𝑥𝑖

𝑗

𝜋𝑗

1

1
2
3

0.4
0.6
0.8

56.2
25.0
6.2

37.5
50.0
37.5

6.2
25.0
56.2

10
4
1

38
21
9

A
B
C

33
17
0

15
13
8

18
4
−8

2

1
2
3

0.4
0.6
0.8

56.2
25.0
6.2

37.5
50.0
37.5

6.2
25.0
56.2

19
8
2

77
42
18

A
B
C

67
33
0

31
25
15

36
8
−15

3

1
2
3

0.4
0.6
0.8

56.2
25.0
6.2

37.5
50.0
37.5

6.2
25.0
56.2

13
10
8

20
11
5

A
B
C

25
17
8

8
7
4

17
10
4

4

1
2
3

0.4
0.6
0.8

56.2
25.0
6.2

37.5
50.0
37.5

6.2
25.0
56.2

27
21
18

38
21
9

A
B
C

50
33
17

15
12
7

35
21
10

5

1
2
3

0.4
0.6
0.8

56.2
25.0
6.2

37.5
50.0
37.5

6.2
25.0
56.2

12
8
7

29
10
2

A
B
C

36
7
7

11
6
2

25
1
5

6

1
2
3

0.4
0.6
0.8

56.2
25.0
6.2

37.5
50.0
37.5

6.2
25.0
56.2

24
16
14

57
20
4

A
B
C

72
14
14

23
12
3

49
2
11

7

1
2
3

0.4
0.6
0.8

56.2
25.0
6.2

37.5
50.0
37.5

6.2
25.0
56.2

14
13
12

14
5
1

A
B
C

26
12
12

6
3
1

20
9
11

8

1
2
3

0.4
0.6
0.8

56.2
25.0
6.2

37.5
50.0
37.5

6.2
25.0
56.2

29
25
24

28
10
2

A
B
C

52
24
24

11
6
2

41
18
22

Note. Predictions for a 3-player contest with linear cost functions and maximum ability, 𝑚 = 0.2.

Table 5: Predicted effort by prize scheme.
Prize
scheme
1
2
3
4
5
6
7
8

Mean
0
1
0
1
0
1
0
1

Coefficient
of variation

Skewness

1
1
0
0
1
1
0
0

0
0
0
0
1
1
1
1

Table 6: Effort and distribution proposal by treatment.

Effort
Mean Variation
22.9
45.9
11.9
22.5
13.6
27.2
6.6
13.1

.6
.6
.6
.6
1.0
1.0
1.0
1.0

Note. 0 = low/symmetric, 1 = high/right-skewed. Effort predictions according
to Table 4.

The knowledge test is designed with a time restriction
of 150 seconds for 10 screens with different tasks. The tasks
come from different fields. Each question has only one
correct answer. You have 15 seconds per question. Please pay
attention to the time restriction in the upper right corner

Subject’s rank
Effort
𝐴
𝐵
𝐶
𝐴
Simple majority voting
4.39
3.14
1.63
0.59
Symmetric
(0.22) (0.20) (0.32) (0.03)
4.26
2.38
0.85
0.40
Right-skewed
(0.17) (0.20) (0.30) (0.04)
Unanimity rule
3.92
2.55
1.16
0.48
Symmetric
(0.21) (0.21) (0.31) (0.02)
4.24
2.80
1.72
0.43
Right-skewed
(0.26) (0.22) (0.35) (0.02)
Prize scheme

𝛼
𝐵

𝐶

0.51
(0.03)
0.10
(0.02)

0.41
(0.03)
0.10
(0.02)

0.49
(0.02)
0.41
(0.03)

0.47
(0.02)
0.43
(0.02)

Note. The figures give the subjects’ mean scores in the intelligence test (per
round) and the mean of the distribution parameter 𝛼 typed in after the chat
phase. Standard errors are in parentheses.

of the screen. By clicking on the OK button you can get to
the next screen. After a total of 150 seconds, the knowledge
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test stops and the collected points are summed up. The ranks
and the associated endowments will be provided after the
knowledge test, explanations, and further instructions.
B.3. After the Knowledge Test. You have collected points in
the knowledge test. According to the collected points of all
group members each group member will be assigned a rank
and a certain endowment of tokens. The ranking reflects
directly the performance in the knowledge test of the group’s
members (in the control treatment the ranks and endowment
were assigned randomly). The token endowment varies from
round to round. A total of 8 rounds will be played. The
sequential arrangement of token distributions will be chosen
randomly.
B.4. Decision about Payoff Distribution by Choosing a Distribution Parameter. In the experiment, you will see on the
next screen your own rank and token endowment and the
ranks and token endowments of your group members. In the
following you and your group members have to determine the
distribution parameter. You should set a distribution parameter which distributes tokens between the group members in
such a way that your preferences are met. The payoff of the
group member 𝑋 = 1, 2, 3 at the end of the experiment is
then calculated as follows:
Payoff 𝑋 = Tokens 𝑋 ⋅ (1 − 𝑡)
+

(Tokens 1 + Tokens 2 + Tokens 3) ⋅ 𝑡 (B.2)
.
3

Distribution only takes place when at least 2 (3, under
unanimity rule) group members choose the same distribution
parameter. The chosen distribution parameter determines the
final distribution within the group in that period. Sample
calculation: player 1 has 3 tokens, player 2 has 5 tokens,
and player 3 has 10 tokens. Given that order, players chose
the following distribution parameters: 81% (50%, under
unanimity rule), 50%, and 50%. The distribution parameter,
which determines the level of redistribution, is thus 50%. The
payoff for player 1 is
Payoff 1 = 3 ⋅ (1 − 0.5) +

(3 + 5 + 10) ⋅ 0.5
= 1.5 + 3 = 4.5.
3
(B.3)

The computer calculates the payoffs under the assumption
that the distribution parameter you make is the relevant
distribution parameter which will be implemented.
If not at least 2 (3, under unanimity rule) players from
the group typed in the same distribution parameter, no
distribution takes place and players receive only their token
endowment determined by their rank in the knowledge test.
In the example above, this would mean that if the players
chose distribution parameters of 96%, 51%, and 7% and
therefore no agreement is reached, player 1 receives only 1.5
tokens. The same would apply to the endowments of the
remaining players.

B.5. Possibility to Communicate (Open or Restricted). You
have the possibility to chat with the other group members in
a joint chat room. You can chat freely (restricted in the way
that you can only type in numbers between 0 and 100, under
restricted communication rule) and discuss which distribution
parameter is to be implemented, but you are not allowed to
reveal your identity.
Chat time is restricted to 3 minutes. If not at least 2
(3, under unanimity rule) players have entered the same
distribution parameters in time and have confirmed their
chosen distribution parameters by clicking the OK button,
then no distribution will take place.
The calculator is available to you for trying out different
distribution parameters. To get an impression about the chat
structure, the endowments and the tokens, and the calculator,
a sample screen is given below. In the upper part of the
screen you see the group chat room. The rank number of
each player is displayed directly above and within the chat
window. In the lower part of the screen the ranks and
tokens of all group members before and after distribution
are displayed. In the right field, you can enter as often as
you wish different distribution parameters to calculate the
final token distribution. In this example, the final distribution
is calculated as follows: the distribution parameter is 45%.
Hence, 45% of 6 = 2.7, 45% of 10 = 4.5, and 45% of 4 = 1.8 are
subtracted from the players’ accounts, resulting in a sum of 9
Tokens. Dividing the sum by 3 gives 3 Tokens to be distributed
to each group member. The final distribution then is given by
6−2.7+3 = 6.3, 10−4.5+3 = 8.5, and 4−1.8+3 = 5.2 Tokens.
For example, using the equation given above, the payoff of
player 3 would be given by
Payoff = 4 ⋅ (1 − 0.45) +

(4 + 6 + 10) ⋅ 0.45
= 2.2 + 3 = 5.2.
3
(B.4)

Pressing the OK button confirms and completes the decision.
B.6. Calculation of the Payoffs. One of the 8 rounds is
randomly selected for payoff. Each round could therefore
be payoff relevant. Individual payoffs will be calculated
according to the chosen distribution parameter and the rules
stated above. The experiment will begin shortly. If you have
questions, please raise your hand and wait quietly until an
experimenter comes to you. Speaking with other participants
is strictly prohibited throughout the experiment. Thank you
and have fun in the experiment.
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7. Goeree and Yariv [70] found that deliberation blurs
differences between institutions (e.g., in terms of voting rules) and uniformly improves efficiency of group
outcomes. We borrow from the work of these authors
by considering two different voting rules under which
the surplus-sharing game is conducted, namely, simple
majority voting and unanimity rule. In so far, our study is
also related to the literature on deliberation in collective
decision making (see [70–72]). For an overview of the
experimental literature on deliberation, see Karpowitz
and Mendelberg [73].
8. For a transcript of the instructions see Appendix B.

Endnotes
1. A similar effect of voting was reported by Frohlich and
Oppenheimer [64].
2. For more general information on contest theory, we
refer to the surveys by Corchón [65] and Konrad 42].
Experimental research on contests was recently surveyed
by Dechenaux et al. [66]. Multiple-prize contests have
intensively been investigated with respect to the optimality of the prize scheme in terms of maximum effort
generation (see, e.g., [67]).
3. In general, the cost of effort include all monetary and
nonmonetary costs such as cognitive effort and time. In
our experiment, the only costs of solving questions in the
intelligence test were cognitive. Time consumption was
equal for all subjects and covered by a show-up fee.
4. The numbers listed in both tables are only point estimates for a single distribution of ability. One could
extend the simulation by randomly drawing 𝑐 from 𝐹(𝑐)
a sufficiently large number of times in order to obtain
confidence intervals for mean effort. However, since the
stylized facts would stay unchanged, we save the effort.
5. Note that the restriction 𝑠𝑖 ≥ 0 implies that the
subjects’ rank ordering according to their prizes cannot
be reversed by the surplus sharing task. This parallels
the condition stated by Meltzer and Richard [23] that
the median voter’s tax rate is utility maximizing only
if it does not exceed one and therefore preserves the
rank ordering between productive and less productive
individuals.
6. A loosely related study by Selten and Ockenfels [68]
found a relative majority of subjects to comply with a
fairness norm they called “fixed total sacrifice.” Subjects
were willing to donate a fixed amount of money to the
losers of a solidarity game irrespective of the number
of losers. In a game studied by Okada and Riedl [69]
proposers could form different coalitions of up to three
players and then distribute the coalition surplus among
the coalition members. In most cases, the proposer chose
an inefficient two-person coalition and the responder
reciprocated the choice of the proposer by not rejecting
the unfair proposal that excluded a third of the population from payoff.

9. We have also varied the chat possibilities in such a way
that in half of the sessions participants could exchange
full text messages and in the remaining sessions participants could only exchange numbers. Due to the fact that
we do not find any differences between these sessions,
we decided to pool these sessions.
10. The questions compassed mathematical, linguistical,
and combinatorial tasks.
11. Note that the stranger matching protocol requires keeping the randomization of the ordering of the prize
schemes constant in each session. Since we conducted
four sessions per treatment, we used four predefined
randomizations that stayed the same for all treatments
in order to control for eventual path-dependencies.
12. Prize schemes 5 and 6 slightly violate the nonnegativity
constraint for 𝑠𝑖𝛼 for large 𝛼-values. This is due to the
construction of the set of prize schemes, where half of
the eight different prize schemes exhibit the same mean,
variation coefficient, and skewness, respectively.
13. Note that the theoretical model of the contest outlined
in Section 3 has to assume that subjects know their own
abilities and the distribution of abilities in order to derive
the result that those who are more able also expend
more effort. We did not collect subjects’ expectations
about their abilities and winning probabilities in the
experiment, but it could be interesting to check whether
their beliefs were correct and to compare their goodness
of fit with the outcome of the contest.
14. As can be taken from the instructions, we let subjects
enter 𝜏 instead of 𝛼, which turned out to be more
intelligible in pilot experiments.
15. We also expected right-skewed prize schemes to increase
within-group effort variation among contestants. Analyzing effort variation again speaks a slightly different
language. Indeed, it seems to increase in Baseline. However, the mean difference turns out to be insignificant
(0.34, SE: 0.53, 𝑃 = 0.259). In Veto, the mean difference
has the wrong sign, but it is significant (0.65, SE: 0.28,
𝑃 = 0.012).
16. Significance level of a one-tailed 𝑡-test. Tests regarding
directional hypothesis are one-tailed unless otherwise
specified. SE: standard error.
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