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Abstract

This paper investigates the hypothesis that the objective function
of economic agents is non-separable in economic incentives and social
preferences. We study fixed-prize contests in a 2x2 experimental de-
sign, varying orthogonally the degree of competition of the incentive
mechanism (all-pay auction vs. lottery) and the presence or absence
of social returns to bidding (public good vs. rent seeking). The results
indicate that both stronger competition and the presence of the public
good have positive main effects on bids. More importantly, we find a
negative interaction between stronger competition and the presence of
the public good, leading us to reject separability. These findings pro-
vide causal evidence that economic incentives may negatively affect
pro-social behavior. More generally, they indicate that social prefer-
ences should be taken into account for the optimal design of incentive
mechanisms.
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1 Introduction

Economists commonly assume that agents’ objective functions are separa-
ble in economic incentives and social preferences (e.g., Rabin, 1993; Fehr
and Schmidt, 1999; Levitt and List, 2007). This implies that responses to
economic incentives are independent of individuals’ social preferences or, like-
wise, that pro-social behavior is unaffected by the presence of economic in-
centives. Several recent theoretical studies, however, suggest that economic
incentives may interact with, and often adversely affect, social preferences
(e.g. Kreps, 1997; Benabou and Tirole, 2006; Schmidt, 2011). At the empir-
ical level, a growing literature provides evidence for several mechanisms that
may explain such an interaction: incentives may provide information about
the principal, frame the decision situation, compromise an individual’s sense
of autonomy, or affect the process by which people learn new preferences
(Bowles and Polańıa-Reyes, 2012; see also Gneezy et al., 2011).

An important limitation of the recent empirical literature supporting the
notion of non-separability is that it only provides indirect evidence. The
empirical strategy followed in virtually all the relevant experimental stud-
ies is to compare the observed effects of a given incentive mechanism with
those that would be predicted theoretically under separability (Bowles and
Polańıa-Reyes, 2012).1 If the performance of the incentive mechanism dif-
fers from the theoretical predictions, it is inferred that economic incentives
have interacted with social preferences. Such evidence, however, is generally
compatible with several alternative explanations other than non-separability,
such as the role played by risk attitudes or cognitive demands. Given that an
incentive mechanism could under-perform (or over-perform) per se, irrespec-
tive of social preferences, the available evidence is generally not informative
about the impact of economic incentives on social preferences.

In this paper we argue that, in order to obtain causal evidence of non-
separability between economic incentives and social preferences, it is neces-
sary to compare the effectiveness of incentives while exogenously manipulat-
ing the elicitation of social preferences. Causal evidence of non-separability
can be obtained only if the performance of economic incentives is systemati-
cally related to the elicitation of social preferences. In order to illustrate this
point, we focus on prize-based incentive mechanisms for the private provision
of public goods as a relevant application.

Several recent studies have investigated the performance of various types
of contests as fundraising mechanisms. Most of this literature has focused
on either stochastic contests, i.e., lotteries, or deterministic contests, mostly
all-pay auctions (e.g. Morgan, 2000; Morgan and Sefton, 2000; Goeree et
al., 2005; Landry et al., 2006; Lange et al., 2007; Carpenter et al., 2008;

1“Our empirical strategy (based on experimental results) is to observe the total effect
of incentives on behavior and to note whether this differs from the predicted direct effect
in order to infer the effects of incentives on (unobserved) social preferences [...]” (Bowles
and Polańıa-Reyes, 2012, p. 368).
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Faravelli and Stanca, 2012), while a smaller number of studies have compared
the two types (Davis et al., 2006; Orzen, 2008; Schram and Onderstal, 2009;
Corazzini, et al., 2010; Duffy and Matros, 2012; Onderstal et al., 2013).2 In
a lottery, each player wins the prize with a probability equal to the ratio of
her bid and the sum of all bids. On the contrary, in an all-pay auction the
highest bidder is awarded the prize with certainty. The two types of contest
are characterized by a different marginal effectiveness of effort. The marginal
impact of effort is lower in a lottery than in an all-pay auction, where the
payoff discontinuity provides a greater incentive to outbid the competitors.
As a result, for a finite number of players, revenues are expected to be higher
in an all-pay auction than in a lottery. The different marginal impact of
effort in the two incentive mechanisms implies that competition is milder in
a lottery, while it is stronger in an all-pay auction.

In accordance with the theory, all-pay auctions typically out-
perform lotteries in the absence of public goods (see, e.g., Davis
and Reilly, 1998; Potters et al., 1998; Sheremeta et al., 2012).
However, Corazzini et al. (2010) and Orzen (2008) find that this
is not the case when these two contests are used as fundraising
mechanisms. More specifically, while Corazzini et al. (2010) find a
positive and significant difference between the lottery and the all-
pay auction, Orzen (2008) reports higher bids in the lottery but
the difference is not significant. These results suggest an interpretation
based on the adverse effect of competition on social preferences. If agents
care about social returns to the public good, in addition to their private re-
turns, such other-regarding motive may be crowded out by the competition
introduced by the incentive mechanism. While a lottery, representing rela-
tively mild competition, only partially crowds out other-regarding motives,
an all-pay auction, characterized by stiffer competition, can be expected to
have a stronger crowding out effect.

In the present work we investigate this conjecture by providing a direct
test of non-separability between economic incentives and social preferences.
To this purpose, we implement a laboratory experiment based on a 2x2 de-
sign by orthogonally manipulating two treatment variables: the degree of
competition of the incentive mechanism (all-pay auction vs. lottery) and the
presence or absence of social returns (public good vs. rent-seeking). Our
key hypothesis is that the degree of competition introduced by the incen-
tive mechanism interacts with agents’ attitudes towards the redistribution
implied by the public good. More specifically, we hypothesize that a more
competitive setting leads agents to be less pro-social – or more anti-social
– with respect to redistribution. Importantly, while the adverse effect of
stronger competition on attitudes toward redistribution is expected in the
public good setting, where bids are shared among group members, such an

2Konrad (2009) provides a general overview of contest design. See Dechenaux et al.
(2014) for a recent comprehensive review of experimental studies on contests.
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effect can be ruled out in the rent seeking setting, where bids are not shared
among group members. Therefore, non-separability between economic in-
centives and social preferences can be tested by focusing on the interaction
between the all-pay auction mechanism (stronger competition) and the pub-
lic good setting (presence of redistribution). Under the null hypothesis of
separability, the interaction is expected to be positive. A negative interac-
tion between stronger competition and the presence of redistribution would
thus provide causal evidence of non-separability.

We should note that, given the payoff externalities that are in-
volved in contests, several other types of social preferences, such
as spite or envy, could play a role even in the absence of the public
good component (e.g. Herrmann and Orzen, 2008; Eisenkopf and
Teyssier, 2013). However, to the extent that these other types of
social preferences are orthogonal to the public good component,
their presence does not affect the interaction between stronger
competition and positive social returns. Sheremeta (2013) sug-
gests various other extensions, besides social preferences, that may
interact with the degree of competition, such as mistakes, judge-
mental biases and utility of winning. As pointed out in Sheremeta
(2010), the utility of winning plays a fundamental role in explain-
ing individual bids in contests. This could also explain the negative
interaction between competitiveness and pro-social preferences, as
the utility of winning may be enhanced in a pure rent-seeking set-
ting, while it may be mitigated in the presence of a public good.

The results indicate that both stronger competition and the presence of
the public good have positive (main and simple) effects on bids. Most impor-
tantly, we find a significant negative interaction between stronger competition
and the presence of the public good. That is, the difference in average bids
between the all-pay auction and the lottery is smaller in the presence than
in the absence of the public good. This leads us to reject the hypothesis that
agents’ objective functions are separable in economic incentives and social
preferences. Within treatments, average bids are not significantly different
from the theoretical predictions in all treatments but the all-pay auction in
the public good setting, where we observe substantial and significant under-
bidding. Under-performance in this treatment is explained by the fact that
the share of subjects bidding their entire endowment is lower than predicted.

Two experiments are closely related to ours. The first is a paper
by Schram and Onderstal (2009) investigating the performance of
alternative auction mechanisms in the presence or absence of the
public good component. Their analysis, however, is based on a
different setting and does not focus on interactions between in-
centive mechanisms and social preferences. The second is a re-
cent experiment by Savikhin and Sheremeta (2013) comparing a
rent-seeking lottery, a public good game and a third treatment
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in which subjects participate in both games. When the two games
are played separately, they observe over-bidding in the rent-seeking
game and positive contributions decreasing over time in the public
good game. When the games are played jointly, over-bidding in the
rent-seeking game is reduced, while public good contributions are
not affected by the contest. Thus, they find evidence of a negative
interaction between degree of competition and pro-social prefer-
ences. However, while we find that increased competition crowds
out pro-social preferences, they observe a behavioral spillover from
the public good to the contest, with the pro-social preferences ex-
hibited in the public good setting extending to the rent-seeking
environment. This is likely to be explained by the different exper-
imental designs. Their subjects play in a pro-social and in a com-
petitive environment, either separately or jointly. As Savikhin and
Sheremeta point out, in such a design both strategic uncertainty
and path-dependence can explain the direction of the spillover. In
our 2x2 design we embed the public good element in a contest
while independently manipulating the degree of competition of the
contest.

The paper is structured as follows. Section 2 outlines the theoretical
framework. Section 3 describes the experiment. Section 4 presents the re-
sults. Section 5 provides a discussion of the main findings, while Section 6
concludes. Details on the theoretical predictions and experimental instruc-
tions are provided in Appendix.

2 Theory

Consider a set N = {1, . . . , n} of two or more agents who take part in an
all-pay contest. All agents are endowed with the same budget ω and compete
for a prize Π they all equally value. Differently from a standard contest, each
agent’s bid is multiplied by α ∈ [0, n) and shared equally among all agents.
Hence, when α = 0, we are considering a pure rent-seeking contest (RS),
while when α > 0 we are in a public good setting (PG).

The expected payoff for the generic agent i who bids xi is given by

ω − xi +
α

n

∑
j∈N

xj + p(xi,x−i)Π (1)

where x−i is the vector of bids of all players except i, while p(xi,x−i) repre-
sents i’s probability of winning the prize.

We consider two types of contest, a lottery (LOT) and an all-pay auction
(APA), that differ in the way the prize is awarded. In LOT, a player wins
the prize with a probability equal to the ratio between her bid and the sum
of all bids:
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pLOT (xi,x−i) =

{ xi∑
j∈N

xj
if
∑
j∈N

xj > 0

1
n

otherwise
.

In APA, the highest bid is awarded the prize, and ties are randomly broken:

pAPA(xi,x−i) =

{ 1
#{j∈N :j∈arg maxl∈N xl}

if i ∈ arg maxj∈N xj
0 otherwise

.

As it is well known, the probability of winning the prize in both APA and
LOT can be described by a Tullock contest success function (see Tullock,
1980)

p(xi,x−i, ρ) =
xρi∑

j∈N
xρj
,

where the parameter ρ describes the degree of competition in the contest
(the higher ρ, the more competitive the contest), with p(xi,x−i,1) = pLOT

and p(xi,x−i,∞) = pAPA, respectively.3 Player i’s utility can therefore be
written as

Ui = ω − xi +
α

n

∑
j∈N

xj +
xρi∑

j∈N
xρj

Π. (2)

As shown in the following proposition, in LOT there exists a unique Nash
equilibrium in pure strategies. Provided that the endowment is not too small,
total bids are (n− 1) Π

n−α .4

Proposition 1 If ω ≤ n−1
n

Π
n−α LOT has a unique Nash equilibrium in

which everyone bids the whole endowment, with total bids equal to nω.

If ω > n−1
n

Π
n−α LOT has a unique Nash equilibrium in which every player

bids xLOT = n−1
n

Π
n−α , with total bids equal to (n− 1) Π

n−α .

The next proposition outlines the equilibrium of APA for any value of ω.
We focus on symmetric equilibria, while asymmetric equilibria are discussed
in Section 5.5 As in the case of LOT, when ω is below a critical value,
APA has a unique symmetric equilibrium in which every player bids the
whole endowment. Beyond this critical value, we distinguish between an
intermediate and a large endowment range. For both ranges of endowment,

3Define p(xi,x−i,∞) = limρ→∞
xρi∑

j∈N
xρj

.

4This proposition presents a result already outlined in other papers, such as Morgan
(2000), Orzen (2008) and Duffy and Matros (2012). However, we state it formally, and
provide the proof in the appendix, for completeness.

5As for the case of Proposition 1, Proposition 2 reports results already present in
previous papers (see Orzen, 2008; Duffy and Matros, 2012). However, its proof will help
us analyze the asymmetric equilibria.
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Table 1: Expected total bids as a function of ρ and α

RS (α = 0) PG (α > 0)
LOT (ρ = 1) n−1

n
Π n−1

n
n

n−αΠ

APA (ρ→∞) Π n
n−αΠ

Note: See Propositions (1) and (2) for details.

there exists a unique symmetric equilibrium with total expected bids equal
to n

n−αΠ.6

Proposition 2 If ω ≤ Π
n−α APA has a unique symmetric Nash equilibrium

in which everyone bids ω, with total bids equal to nω.

If Π
n−α < ω < n

n−αΠ APA has a unique symmetric Nash equilibrium such
that each player bids ω with probability q ∈ (0, 1) and with probability

1− q randomizes according to F (x) =
(
n−α
n

x
Π

) 1
n−1 on the support [0, x̄].

q is the unique solution to following equation

1− (1− q)n

q
=
n− α

Π
ω,

while x̄ is given by the following

x̄ = (1− q)n−1 n

n− α
Π.

Total expected bids amount to n
n−αΠ.

If ω ≥ n
n−αΠ APA has a unique symmetric Nash equilibrium such that

each player randomizes according to F (x) =
(
n−α
n

x
Π

) 1
n−1 on the support[

0, n
n−αΠ

]
. Total expected bids amount to n

n−αΠ.

Table 1 reports expected total bids, as a function of ρ and α, under the
assumption that agents maximize (2) and that budget constraints are non-
binding.7 As it can be observed, total expected bids are higher in APA
than in LOT irrespective of α. Likewise, they are higher in PG than in RS
irrespective of ρ. In addition, there is a positive interaction between ρ and
α. That is, the difference between APA and LOT is larger when bids are
contributions to a public good (α > 0) than in a pure rent-seeking contest
(α = 0).

Consider now an alternative objective function that explicitly accounts
for social preferences through an additional other-regarding component:

6The large endowment case is equivalent to an all-pay auction in which bidders are not
budget constrained. See Baye et al. (1996) for a full equilibrium characterization.

7Throughout the paper, by non-binding constraint we refer to the case in which ex-
pected equilibrium bids are lower than the budget. In the case of APA this includes both
the intermediate and large endowment ranges.
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Vi = Ui + f (ρ)
(n− 1)

n
α
∑
j∈N

xj. (3)

The term (n−1)
n
α
∑
j∈N

xj represents the external returns to the public good,

i.e., the total earnings of other group-members, and f(ρ) is their weight in
the objective function. This weight can be either positive, in the case of
pro-social preferences, or negative in the case of anti-social preferences. Our
key assumption is that the weight of external returns is a function of ρ: that
is, economic incentives and social preferences are non-separable. More specif-
ically, we assume that df

dρ
< 0: the higher the degree of competition of the

incentive mechanism, the lower the weight of external returns in the objec-
tive function. This means that, when the environment is more competitive,
an individual obtains a smaller benefit, or a larger cost, from others’ payoffs.
Note that, in the absence of the public good component (α = 0), expression
(3) reduces to (2), i.e., agents behave as selfish payoff maximizers. On the
other hand, when α > 0, stronger competition either crowds out pro-social
preferences, when f (ρ) > 0, or exacerbates anti-social preferences, when
f (ρ) < 0.8

Suppose α > 0 and let us restrict the attention to the case of non-binding
budget constraints. Focusing on the other-regarding component in equation
(3), for a given α the marginal benefit of external returns is higher in LOT
(ρ = 1) than in APA (ρ → ∞). Non-separability thus reduces the returns
to bidding in APA, relative to LOT, when α > 0, while it has no effects
when α = 0. As a consequence, while a positive interaction between ρ and α
is expected under the null hypothesis of separability, a negative interaction
provides evidence of the adverse effect of competition on social preferences.
This negative interaction, arising from the non-separability of competition
and social preferences, is the key prediction we wish to test in our experiment.

3 The experiment

This section presents the experiment. We start by describing the experi-
mental design, the task and the treatments. We then provide details on the
procedures. Finally, we illustrate the hypotheses to be tested.

3.1 Design

Our experiment is based on a 2 × 2 factorial design, as illustrated in Table
2. The treatment variables are the degree of competition of the incentive

8Note that the predictions would be qualitatively unchanged if agents were assumed
to be impure altruists who obtain utility from contributing to the public good, i.e. Vi =
Ui + f (ρ)xi when α > 0, as long as df

dρ < 0.
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Table 2: Experimental design

RS (α = 0) PG (α > 0)
LOT (ρ = 1) T1 T2
APA (ρ→∞) T3 T4

Note: treatments implemented within subjects with a cross-over design, as detailed in
Table 3.

mechanism (ρ = 1 in LOT vs. ρ→∞ in APA) and the presence or absence
of the public good component (α = 0 in RS vs. α > 0 in PG).

The experimental task is as follows. In each round subjects are endowed
with a given amount in euros and are randomly matched in groups of four.
They can bid any integer amount in euro cents, between 0 and their endow-
ment, to win a fixed prize in euros. The winner in the group of four subjects,
and total earnings, are determined according to the treatment (incentive
mechanism-environment pair) in place for that round.

We implement the following four treatments:

T1 LOT-RS: Subjects receive a lottery ticket for each euro cent bid. The
winner is chosen randomly, and each bidder’s probability of winning
is equal to the ratio of their bid to the total amount of bids by all
members of their group in that round.

T2 LOT-PG: The winner is chosen as in (1). In addition, the total amount
of bids is multiplied by 1.5 and shared equally among the four group
members.

T3 APA-RS: The winner is the player who bids the highest amount. In
the event of a tie, the winning bidder is randomly chosen among those
who bid the highest amount.

T4 APA-PG: The winner is chosen as in (3). In addition, the total amount
of bids is multiplied by 1.5 and shared equally among the four group
members.

The endowment and the prize are kept fixed across treatments: ω = 8
euros and Π = 16 euros in all four treatments. We chose to set Π = 2ω in
order to make the incentive salient, while at the same time ensuring that in
equilibrium the budget constraint is not binding in all four treatments.

3.2 Procedures

We run four sessions, with 24 subjects participating in each session, for a total
of 96 subjects. Treatments were implemented in a within-subjects design.
Each treatment was run over 10 rounds, for a total of 40 rounds (4 phases
of 10 rounds each) in each session. In order to minimize the consequences
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Table 3: Details of cross-over design

Phase 1 Phase 2 Phase 3 Phase 4
Session 1 T1 T2 T3 T4
Session 2 T2 T1 T4 T3
Session 3 T3 T4 T1 T2
Session 4 T4 T3 T2 T1

Note: each treatment was implemented within subjects for 10 rounds, for a total of 40
rounds overall (four phases of 10 rounds each).

of possible order effects, we implemented a cross-over design by reversing
the order of the treatments in the four ten-round phases of each session, as
detailed in Table 3.

In order to avoid repeated game effects, subjects were informed that
groups would be randomly formed in each round. Unknown to subjects,
groups of four subjects were formed in each round by randomly drawing
from fixed sets of 8 subjects. We thus obtain three independent matching-
group observations per session, for a total of 12 independent group-level
observations.

In each session, subjects were randomly assigned to a computer terminal
at their arrival. To ensure public knowledge, instructions were distributed
and read aloud (see Appendix B for the instructions, translated from Italian).
In order to ensure understanding of the experimental task, sample questions
were distributed before the start of each phase. The answers were privately
checked and, if necessary, individually explained to the subjects. At the end
of each round, subjects were informed about the bids and payoffs of each
group member. At the end of the last round, subjects were informed of
their total payoff in euros, based on one round randomly drawn out of 40.
Subjects were asked to answer a short questionnaire about socio-demographic
background, and were then paid in private.

The experiment took place at the Experimental Economics Laboratory of
the University of Milan Bicocca in December 2012. Subjects were students
from the undergraduate population of the University recruited by public
announcement. Subjects earned on average 12.25 euros for sessions lasting
between 70 and 80 minutes. The experiment was computerized using the
z-Tree software (Fischbacher, 2007).

3.3 Hypotheses

Table 4 summarizes expected individual bids in euro cents for each of the
four treatments, under the null hypothesis that subjects maximize (2). Given
our parameter calibration, in equilibrium individual bids are 300 and 480
euro cents in LOT-RS and LOT-PG, respectively (Proposition 1). Individ-
ual expected bids are 400 and 640 in APA-RS and APA-PG, respectively
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Table 4: Expected individual bids

RS (α = 0) PG (α = 1.5)
LOT (ρ = 1) 300 480
APA (ρ→∞) 400 640

Note: See Propositions (1) and (2) for details. Expected individual bids are expressed in
euro cents.

(Proposition 2).9 Standard theory thus predicts positive simple effects of
APA relative to LOT (in both RS and PG) and positive simple effects of PG
relative to RS (in both LOT and APA). In addition, a positive interaction
is predicted between APA and PG. That is, the absolute difference between
APA and LOT is expected to be larger in PG than in RS.

The predictions above are derived in the absence of social preferences,
as described in (2). In the presence of social preferences, under the null of
separability the size of the main effects would be affected but the prediction
of a positive interaction between APA and PG would be unaffected. On the
other hand, under non-separability between incentives and social preferences,
as expressed in (3), the difference between the marginal benefit of bidding in
APA and LOT would become smaller in the public good environment (α >
0), while it would be unaffected in the rent-seeking environment (α = 0).
Therefore, a negative interaction between APA and PG provides evidence of
non-separability.

4 Results

This section presents the experimental results. We start by reporting test
results for treatment effects. Next, we compare actual and predicted bids
within treatments and examine the effects of repetition. Finally, we consider
bidding behavior at individual level.

4.1 Treatment effects

Figure 1 compares observed and predicted individual bids in the four treat-
ments. Observed average individual bids are 299 and 451 euro cents in LOT-
RS and LOT-PG, respectively, while 380 and 494 euro cents, respectively, in
APA-RS and APA-PG. The experimental data clearly indicate positive main
effects for both APA and PG. However, in contrast with the null hypothe-
sis of separability, a negative interaction is observed between APA and PG.

9More specifically, in APA-RS subjects are predicted to randomize between 0 and 257
according to F (x) = 0.085x

1
3 and bid 800 with probability 0.46, with an expected bid equal

to 400; in APA-PG, subjects are predicted to randomize between 0 and 21 according to
F (x) = 0.073x

1
3 and bid 800 with probability 0.8, resulting in an expected bid equal to

640.
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Figure 1: Main treatment effects and interactions (euro cents)
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That is, the difference between APA and LOT is smaller in the presence of
the public good than in the rent-seeking environment.

In order to test the significance of treatment effects, we use a regression
model that explains observed average group-level bids (x) with dummy vari-
ables for treatment effects (APA and PG) and their interaction. The model
includes dummy variables for the order of treatments within sessions and,
to account for learning effects, dummy variables for the second half of the
session and the second half of each phase. The resulting specification is as
follows:

xit = β0 + β1PGit + β2APAit + β3 (PGit ∗ APAit) + (4)

+
2∑
j=1

γjORDji +
2∑
j=1

δjEXPjt + εit (5)

where i = 1, ..., 24 indicates a group of four subjects, t = 1, ..., 40 denotes
the round within the session, ORD includes a dummy for sessions starting
with APA (sessions 3 and 4) and a dummy for sessions starting with PG
(sessions 2 and 4), EXP includes a dummy for the second half of the ses-
sion (EXP1, rounds 21-40) and a dummy for the second half of each phase
(EXP2, rounds 6-10, 16-20, 26-30, or 36-40). Since the effect of truncation
is negligible, as less than 3% of the group-level average bids are 0 or 800, the
model is estimated by OLS. Standard errors are clustered by independent
matching groups of 8 individuals.

Table 5 presents estimation results for treatment effects. Column (1)
reports the main effects of APA and PG, i.e., the average treatment effects
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Table 5: Main treatment effects and interaction

(1) (2) (3)
Main effects Simple effects Simple effects

APA 61.9*** 80.9*** 42.8**
(10.4) (14.4) (14.9)

PG 132.8*** 151.8*** 113.7***
(15.9) (18.4) (19.6)

APA * PG -38.1**
(20.6)

LOT * RS -38.1**
(20.6)

R2 0.21 0.22 0.22
Observations 960 960 960

Note: Dependent variable: average group-level bids in euro cents. The figures reported
are OLS estimates of treatment effects, in euro cents, relative to the relevant omitted
treatment(s). Standard errors (in brackets) clustered by independent matching group.
Columns (2) and (3) report the simple effects of APA in RS and PG, respectively, and
the simple effects of PG in LOT and APA, respectively. Estimates of the interaction
term in columns (2) and (3) are identical by construction. All specifications include
dummy variables for treatment order and experience. * denotes significance at 0.10 level
(** at 0.05, *** at 0.01) for the relevant hypothesis.

assuming no interaction. The estimates indicate that both APA and PG
have a positive and significant effect on bids on average. The main effects are
also quantitatively relevant (61.9 and 132.8 euro cents, respectively), when
compared with the size of the endowment (8 euros). Columns (2) and (3)
report the simple effects of APA and PG and their interaction. The estimates
indicate that the simple effects of APA are 80.9 and 42.8 euro cents in RS
and PG, respectively, while the simple effects of PG are 151.8 and 113.7 euro
cents in LOT and APA, respectively. All four simple effects are strongly
statistically significant.

Result 1: Both stronger competition and the presence of the
public good have positive and significant effects on bids.

More importantly, the results indicate that there is a negative, rather than
positive, interaction between APA and PG. This negative interaction (-38.1
euro cents) is not only statistically significant (p = 0.04 for the relevant one-
sided hypothesis) but also quantitatively relevant (about 5 per cent of agents’
endowment).10 This finding provides causal evidence of non-separability.

Result 2: The separability between economic incentives and so-
cial preferences is rejected by the data.

10Note that the estimates of the interaction term in columns (2) and (3) are identical
by construction.
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Figure 2: Average individual bids over rounds, by treatment
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The dummy variables for order effects, not reported in Table 5,
indicate that bids are significantly lower, on average, in sessions (3
and 4) where APA is played in the first 20 rounds (ORD1 = −85.9,
p = 0.03), while there are no significant differences for sessions (2
and 4) where PG is played in the first 20 rounds (ORD2 = 7.3,
p = 0.83). The dummy variables for experience effects are negative
but not significant both across phases (EXP1 = −12.6, p = 0.25) and
within phases (EXP2 = −15.4, p = 0.06). It should be noted that,
given the cross-over design we adopted, as described in Table 3,
order and experience effects are by construction orthogonal to the
treatment effects.

4.2 Observed vs. predicted bids within treatments

Figure 2 compares observed and predicted average bids by treatment over 10
rounds, averaging across different subjects and sessions. Two features of the
experimental data are evident. First, there is only a slight decline of average
bids over successive rounds within phases, without substantial differences
in the patterns observed in the four treatments. Second, average bids are
remarkably close to predictions in both LOT treatments and in the APA-
RS treatment. On the other hand, the deviation from the expected bid is
substantial in APA-PG.

Table 6 presents tests of the significance of the difference between ob-
served and predicted average group bids, for each treatment, based on the
specification in (5). The difference in euro cents between observed and pre-
dicted bids is -1.1 in LOT-RS, -29.3 in LOT-PG, and -29.1 in APA-RS, and
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Table 6: Significance of deviations from prediction, by treatment

LOT-RS LOT-PG APA-RS APA-PG
Observed - Predicted -1.1 -29.3 -20.1 -146.4***

(25.6) (27.9) (19.9) (22.2)
Observations 240 240 240 240

Note: Dependent variable: deviation of average group bid from prediction, in euro cents.
OLS estimates, standard errors (in brackets) clustered by independent matching group.
* denotes significance at 0.10 level (** at 0.05, *** at 0.01) for the relevant hypothesis.

none of these differences is statistically significant. In APA-PG the devia-
tion from the expected bid is instead large (-146.4) and strongly significant
(p = 0.00).

Result 3: Within treatments, average bids are not significantly
different form predictions in both LOT treatments and in APA-
RS. On the other hand, there is significant under-bidding in APA-
PG.

It should be observed that, while we find average bids that are
generally consistent with the theory, and under-bidding only in
APA-PG, over-bidding is generally observed in pure rent-seeking
contests (see Dechenaux et al., 2014).11 In an overview of the exper-
imental literature on contests, Sheremeta (2013) provides different
explanations for over-bidding, such as utility of winning, other-
regarding preferences and the relative size of the endowment. The
latter is likely to explain the difference in overall bidding behavior
between our findings and existing studies, since in our experiment
agents’ endowment is substantially smaller than the prize (800 vs
1600).12 As shown in Price and Sheremeta (2011) and Sheremeta
(2011), overbidding is positively related to the size of the endow-
ment (relative to the prize). The reason is that, if people make
mistakes when bidding, they are generally more likely to over-bid
when their endowment is relatively large (see Sheremeta, 2013).

4.3 Effects of repetition

Figure 3 displays average bids by treatment over 40 rounds (four phases
of 10 rounds). Bids display a downward trend over rounds in both LOT
treatments. The difference in euro cents between the two halves of the session
is -90.7 in LOT-RS (p = 0.06) and -106.3 in LOT-PG (p = 0.04), respectively.

11When contests are used to finance public goods, Orzen (2008) and Corazzini et al.
(2010) find over-bidding in the lottery, while average bids are consistent with the predic-
tions in the all-pay auction.

12We thank an anonymous referee for pointing this out.
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Figure 3: Average contributions, over rounds
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The opposite pattern is observed, instead, in both APA treatments: the
difference between the two halves of the session is 85.3 in APA-RS (p = 0.02)
and 61.3 in APA-PG (p = 0.16), respectively. Averaging across RS and PG,
the difference is -98.5 for LOT (p = 0.03) and 73.3 for APA (p = 0.03).

Result 4: Repetition has a negative (positive) effect on bids in
LOT (APA) treatments.

What does experience imply for the treatment effects presented above?
Table 7 compares treatment effects and treatment interactions between rounds
1-20 and rounds 21-40. Experience increases the main effect of APA, which
is negative (-7.1 euro cents) and not significant in periods 1-20, while large
(168.9 euro cents) and strongly significant in periods 21-40. On the other
hand, experience has a negative and relatively small impact on the main ef-
fect of PG (159.6 and 144 euro cents in rounds 1-20 and 21-40, respectively).
More importantly, the negative interaction between APA and PG is larger
(-42.3 euro cents) and significant in the second half of the session. This is an
interesting result, as it indicates that the evidence of non-separability is not
eliminated, but rather reinforced, by experience.

4.4 Individual behavior

Figure 4 compares the cumulative distribution of individual bids across treat-
ments. Individual behavior is strikingly different depending on the incentive
mechanism implemented. In LOT treatments, although there exists a sym-
metric pure strategy equilibrium, bids are almost uniformly distributed be-
tween 0 and 800. In APA treatments, consistently with the theory, bidding
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Table 7: Treatment effects and interaction, by rounds

Rounds 1-20 Rounds 21-40
APA -7.1 168.9***

(41.4) (32.6)
PG 159.6*** 144.0***

(26.9) (24.6)
APA * PG -33.8 -42.3*

(44.6) (28.8)
R2 0.17 0.27
Observations 480 480

Note: Dependent variable: average group-level bid in euro cents. OLS estimates,
standard errors (in brackets) clustered by independent matching group. All specifications
include dummy variables for treatment order and experience. * denotes significance at
0.10 level (** at 0.05, *** at 0.01) for the relevant hypothesis.

is almost bimodal. Interestingly, the within-subject share of overall bid vari-
ability is 59 per cent in LOT treatments and 71 per cent in APA treatments.
This difference is consistent with the different nature of the equilibria in LOT
(pure strategy) and APA (mixed strategy).

Individual bidding behavior also allows us to better understand the rea-
sons for aggregate under-performance of APA in the PG environment. In
APA-RS the observed fraction of bids equal to the entire endowment (41 per
cent) is relatively close to the theoretical prediction (46 per cent). In APA-
PG, instead, while the theoretical prediction is 80 per cent, only 55 per cent
of bids are equal to the endowment. The under-performance of APA in the
PG setting is thus largely explained by the fact that the share of individual
bids equal to the entire endowment is lower than predicted.

5 Discussion

Our key finding is the negative interaction between the all-pay auction mech-
anism, characterized by stronger competition, and the public good environ-
ment, characterized by the presence of positive social returns to bidding.
This leads us to reject the hypothesis of separability between economic in-
centives and social preferences. The strength of our experimental design is
that it allows us to rule out any interpretations of the findings that can ex-
plain why the all-pay auction under-performs relative to the lottery, but not
why such under-performance is stronger in the presence than in the absence
of the public good.

Consider, for example, an interpretation based on subjects’ familiarity
with the two types of contests. While experimental subjects are generally
well acquainted with lotteries, they may have never experienced an all-pay
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Figure 4: Distribution of individual bids, by treatment
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auction. Because of this lack of experience, subjects may have a propensity
to abstain from bidding, or bid more cautiously, in APA. However, while non-
familiarity with the all-pay auction is consistent with the under-performance
of APA relative to LOT in the presence of the public good, it is at odds with
the fact that there is no such under-performance in the absence of the public
good, where average bids are very close to the theoretical predictions.

The question is therefore whether there are explanations of the negative
interaction other than the effect of competition on social preferences. One
simple explanation would be that the predicted individual bid in the APA-
PG treatment is substantially higher than in the other treatments (see Table
4) and also relatively close (80%) to the value of the endowment. There-
fore, under-bidding in APA-PG could be due to the specific calibration of
the experiment. This interpretation, however, is unlikely to be valid for two
main reasons. First, our test for non-separability is rather conservative, as
it requires that the APA-PG interaction is not only negative, but also suf-
ficiently strong to override the positive interaction that would be observed
under the null (Figure 1). Second, the predictions for the APA treatments
are expected bids of (symmetric) mixed strategy equilibria. Subjects are pre-
dicted to randomize between their full endowment, with a given probability,
and a given support around zero otherwise. Empirically, as shown in Figure
4, the distribution of individual bids is indeed qualitatively consistent with
the predictions, both in APA-RS and APA-PG. The under-performance of
APA-PG relative to APA-RS reflects the fact that the fraction of individuals
bidding their entire endowment is higher than predicted in the absence of the
public good (50% vs. 46%), while it is lower than predicted in the presence
of the public good (66% vs. 80%).
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An alternative explanation could be based on the high cognitive costs
of the all-pay auction relative to the lottery. An experimental subject may
have never come across an all-pay auction. In addition, she may find this
mechanism more difficult, both cognitively and strategically, than a lottery.
In this perspective, the difference in the cognitive demands of APA and LOT
might be exacerbated by the presence of the public good component. The
interaction between cognitive demands and the presence of an additional
redistribution mechanism could therefore explain the lower participation ob-
served to a substantial extent in APA-PG, while only to a smaller extent
in APA-RS. Such an explanation, however, is at odds with the effects of
repetition. Under the cognitive cost interpretation of the negative APA-
PG interaction, cognitive demands should become less relevant as subjects
become more experienced. We find, instead, that the negative interaction
between the all-pay auction mechanism and the public good environment is
reinforced by repetition (Table 7).

A more fundamental issue concerning the interpretation of the experi-
mental findings is that the theoretical analysis in Section 2 only focuses on
symmetric equilibria. Therefore, there may exist asymmetric equilibria for
the all-pay auction that are consistent with the findings, without doing away
with separability. In Appendix A we characterize the asymmetric equilibria
of APA for any prize-endowment ratio, showing that this possibility can be
ruled out. Given the calibration of parameters in our experiment, i.e., for
an intermediate endowment level, there exist asymmetric equilibria both in
mixed and in pure strategies. Asymmetric mixed strategy equilibria are dif-
ficult to analyze, as we do not know how many they may be nor what they
look like. However, we show that any mixed strategy equilibrium results
in the same total expected bids (see Lemma 1). Thus, for any asymmetric
equilibrium in mixed strategy, the aggregate prediction is the same as for the
symmetric equilibrium.

Proposition 3 characterizes all the asymmetric equilibria in pure strate-
gies, showing how, in some of them, the budget constraint gives rise to under-
dissipation of rents. For our parameter calibration, we show that in APA-RS
there exists a unique pure strategy equilibrium such that two agents bid the
entire endowment and the other two bid 0. Hence, total bids are the same as
in the symmetric equilibrium, with an average expected bid of 400. In APA-
PG there exists a unique pure strategy equilibrium such that three agents
bid the entire endowment and one agent bids 0. Noticeably, in this case total
bids are lower than in the symmetric equilibrium, with an average of 600 per
subject instead of of an expected individual bid of 640. Nevertheless, even
taking into account this revenue loss in APA-PG, the model still predicts
a positive interaction between APA and PG. Overall, we conclude that the
negative interaction we observe in the experimental data cannot be explained
by the existence of asymmetric equilibria.
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6 Conclusions

A wide body of experimental evidence provides support to the notion that
agents’ objective functions are not separable in economic incentives and social
preferences. The empirical strategy generally followed in this literature is to
compare the observed effects of a given incentive with the ones that would
be predicted theoretically under separability. In this paper, we argued that
the existing experimental studies based on this approach are generally not
informative, as they only provide indirect evidence that is consistent with
non-separability. In order to obtain causal evidence of non-separability, it
is necessary to compare the effectiveness of economic incentives while also
manipulating the elicitation of social preferences.

In order to illustrate this point, we presented an experiment based on
a 2x2 design within a contest game, where we manipulate orthogonally the
degree of competition of the incentive mechanism (lottery vs. all-pay auc-
tion) and the presence or absence of redistribution (public good vs. pure
rent-seeking). Consistently with standard theory, we find that both stronger
competition and the presence of the public good have a positive and signif-
icant effect on bidding. On the other hand, we find a negative interaction
between stronger competition and the presence of the public good, leading
us to reject the null hypothesis of separability between economic incentives
and social preferences. This is an important finding, as it provides causal
evidence that economic incentives may negatively affect pro-social behavior.
More generally, our findings imply that social preferences may be relevant
not only per se but also, and perhaps more importantly, for the optimal
design of economic incentive mechanisms.
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Appendix A - Theoretical predictions

Note that expression (1) can be rearranged as

ω − n− α
n

xi +
α

n

∑
j 6=i

xj + p(xi,x−i)Π

=
α

n

(
ω +

∑
j 6=i

xj

)
+
n− α
n

(
ω − xi + p(xi,x−i)

n

n− α
Π

)
.

From the above equation we conclude that the game we described is strate-
gically equivalent to a standard all-pay contest in which n agents endowed
with a budget ω compete for a prize equal to n

n−αΠ. Thus, to simplify the
analysis, we will analyze the latter.

Lottery

We begin by proving Proposition 1.
Proof of Proposition 1. Notice first that in equilibrium total bids cannot
be equal to zero. If this were the case any agent would have an incentive to bid
ε arbitrarily small and win the prize with certainty. Hence, pLOT (xi,x−i) =
xi∑

j∈N
xj

. We start by exploring symmetric equilibria. Let us rewrite ω − xi +

xi∑
j∈N

xj

n
n−αΠ as

ω − xi +
xi

xi +
∑
j 6=i

xj

n

n− α
Π.

Differentiating the above expression with respect to xi and setting the deriva-
tive equal to zero we obtain the following first order condition∑

j 6=i
xj(

xi +
∑
j 6=i

xj

)2

n

n− α
Π = 1.

Solving with respect to xi we obtain player i’s best response function

xi = −
∑
j 6=i

xj + 2

√
n

n− α
Π
∑
j 6=i

xj. (6)

By symmetry, we can replace xj with xi, obtaining

xi = −(n− 1)xi + 2

√
n

n− α
Π(n− 1)xi.
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Solving for xi we obtain the following

x∗i =
n− 1

n

Π

n− α
.

When ω > n−1
n

Π
n−α the above expression represents the unique symmetric

Nash equilibrium of LOT.
We continue the proof by showing that when ω ≤ n−1

n
Π
n−α in equilibrium

each player bids the whole endowment. Suppose that everyone but i bids ω.
From (6) i’s best response is equal to

−(n− 1)ω + 2

√
n

n− α
Π(n− 1)ω.

Solving the following inequality −(n− 1)ω + 2

√
n

n−αΠ(n− 1)ω < ω for ω we

obtain

ω >
n− 1

n

Π

n− α
.

This implies that i’s best response is less than ω only if ω > n−1
n

Π
n−α , which

contradicts our initial assumption. This proves that whenever budget con-
straints are binding it is an equilibrium to bid ω.

Finally, from Theorem 1 in Cornes and Hartley (2005) we know that LOT
has a unique Nash equilibrium in pure strategies. Hence, no other equilibria
exist.

All-pay auction

In order to prove Proposition 2 we present the following two auxiliary lemmas.
First of all, we demonstrate that there are no symmetric equilibria in pure
strategies when ω > Π

n−α .

Lemma 1 If ω > Π
n−α there are no symmetric equilibria in pure strategies.

Proof. Suppose, to the contrary, the existence of an equilibrium in which
everyone bids x, receiving an expected payoff equal to Π

n−α − x. Clearly

x ≤ Π
n−α , otherwise an agent would rather bid zero. Any player would have

an incentive to slightly raise her bid and win the prize, thus receiving a payoff
equal to n

n−αΠ− x− ε > Π
n−α − x, which contradicts the initial assumption.

The above lemma implies that, in order to characterize the symmetric
equilibrium for the case ω > Π

n−α , we can simply focus on mixed strategies.

Moreover the following key lemma states that, when ω > Π
n−α , any mixed

strategy equilibrium results in full rent dissipation, i.e. total bids amount to
n

n−αΠ.
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Lemma 2 If ω > Π
n−α , in any mixed strategy equilibrium total expected bids

are equal to n
n−αΠ.

Proof. The proof consists of five parts.
i) In equilibrium no player can have a mass point at any bid x ∈ (0,m),

where m = min
{
ω, n

n−αΠ
}
. Suppose, to the contrary, that exactly one player

has a mass point at x ∈ (0,m). There is an interval (x − ε, x), with ε
arbitrarily small, where no other agent puts positive density. If another
player put density in that interval, moving all the density from (x − ε, x)
to x would guarantee a discrete increase in the probability of winning at an
infinitesimal cost. However, if no one else puts density on (x − ε, x), then
the bidder with mass at x would have an incentive to move her mass lower.
Now suppose that more than one player has a mass point at x ∈ (0,m).
Then there would be at least one player who could move her mass at m+ ε,
increasing her expected payoff.

ii) The lower bound of any player’s randomization support must be zero.
This follows directly from i). First of all, notice that all players must have
the same lower bound in equilibrium. Suppose to the contrary that player i’s
lower bound is l1 while j’s lower bound is l2 > l1. Clearly i would not want
to put any density on the interval [l1, l2). Thus, it cannot be that different
players have different lower bounds. Suppose now that the common lower
bound is l > 0. All players must have a mass point at l. If this was not
the case those who do not have a mass point would be making a loss, but a
player would rather bid zero than accepting a loss. However, we know from
i) that there cannot be an atom at l.

iii) It cannot be that everyone has a mass point at zero. If everyone had
an atom at zero, then any player would have an incentive to move that mass
to a point ε arbitrarily small.

iv) It cannot be that all but one player have a mass point at zero. Suppose
to the contrary that player i is the only one who does not place any mass
at zero. Since, we know from ii) that the lower bound of i’s randomization
support must be zero, this implies that i is receiving a strictly positive payoff
while anybody else is making zero profit. If n

n−αΠ < ω it follows that the
upper bound of i’s support must be u < n

n−αΠ. Recall from i) that i cannot
put any mass at u, thus any other player has an incentive to deviate and
bid u with probability one. If n

n−αΠ > ω then i’s upper bound can either be
u < ω or coincide with ω. In the first case we know there cannot be an atom
at u and thus, as before, anybody else would have an incentive to bid u. The
same would happen if ω is i’s upper bound but i does not place any mass at
that point: another player would have an incentive to bid ω. The remaining
possibility is that i has a mass point at ω. Recall however, that i receives a
positive payoff, while all other players are making zero profit. This implies
that the others either do not put any mass at ω or place less mass than i. In
the first case, a player would have an incentive to place mass at ω, tying with
i and sharing her profit. In the second case, a player who is already tying
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with i could profitably deviate by increasing the mass at ω. This proves that
it cannot be that all but one player have a mass point at zero.

v) At least two players do not place any mass at zero. This follows directly
from iv) and implies that everyone’s expected payoff must be zero. Hence,
total expected bids are equal to n

n−αΠ.

We can now go on to prove Proposition 2.
Proof of Proposition 2. The proof is divided in three parts.

i) We start with the case ω ≤ Π
n−α . It is easy to see that when all other

players bid ω it is a best response to bid the whole endowment receiving a
payoff equal to Π

n−α − ω. Clearly, no other symmetric equilibrium can exist,
as an agent would have an incentive to outbid the others and win the prize
with certainty, earning a higher payoff.

ii) We continue with the case Π
n−α < ω < n

n−αΠ. We know from Lemma
2 that rents are fully dissipated. It follows that the upper bound of the
randomization support is equal to ω and that each agent must place a mass
at ω such that they earn an expected payoff of zero. Hence, they must bid
ω with a probability q such that

n

n− α
Π
∑n−1

j=0

(
n− 1

j

)
qj (1− q)n−1−j

j + 1
− ω = 0 (7)

The first term of equation (7) represents a player’s expected prize when she
bids ω, given that everybody else bids ω with probability q. By applying the

binomial theorem
∑n−1

j=0

(
n−1
j

) qj(1−q)n−1−j

j+1
can be transformed into1−(1−q)n

qn
and

therefore equation (7) reduces to

1− (1− q)n

q
=
n− α

Π
ω. (8)

Let us rewrite (8) in the following way

q =
Π

(n− α)ω
[1− (1− q)n] .

Note that the RHS is equal to zero when q = 0 and equal to Π
(n−α)ω

< 1 when

q = 1. Differentiating the RHS with respect to q we obtain Π
(n−α)ω

n(1−q)n−1.
This is positive for any q and strictly greater than 1 when q = 0. The second
derivative is equal to − Π

(n−α)ω
n(n− 1)(1− q)n−1 < 0. This implies that there

is a unique q∗ ∈ (0, 1) that solves equation (8).
Since players have a mass point at ω there exists x̄ < ω such that no one

puts any density in the interval (x̄, ω). Suppose the contrary. Then moving
all this density to ω would produce a discrete increase in the probability of
winning at a cost sufficiently low to make it worth deviating. The value of x̄
must be such that an agent bidding x̄ earns zero expected profit. Since each
player bids more than x̄ with probability q it must be x̄ = (1− q)n−1 n

n−αΠ.
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We know from point i) of Lemma 2 that players cannot have a mass
point at any bid x ∈ (0, x̄). Moreover, we know from point ii) of Lemma
2 that the lower bound is equal to zero, and from point iii) of Lemma 2
that they cannot all have a mass point at zero. Finally, since there are no
mass points there cannot be a gap in the support between 0 and x̄. Suppose
there was an interval (a, b) in which no one puts any density. By bidding
x ∈ (a, b) an agent would have the same probability of winning guaranteed by
b at a strictly lower cost. From this follows that, in a symmetric equilibrium,
players randomize on the support [0, x̄] according to a distribution F (x) such
that

n

n− α
ΠF (x)n−1 − x = 0.

The unique solution to the above equation is F (x) =
(
n−α
n

x
Π

) 1
n−1 , thus

representing the unique symmetric Nash equilibrium.
iii) We conclude with the case ω ≥ n

n−αΠ. First, we know from Lemma
2 that rents are fully dissipated. It follows that the upper bound of the ran-
domization support is equal to n

n−αΠ. Moreover, in a symmetric equilibrium
agents cannot have an atom at the upper bound, otherwise they would incur
a loss. Following the proof of the previous point, in the unique symmetric
Nash equilibrium players randomize on the support [0, n

n−αΠ] according to

F (x) =
(
n−α
n

x
Π

) 1
n−1 .

All-pay auction’s asymmetric equilibria

We know from Proposition 2 that there exists a unique symmetric equilib-
rium for any value of ω. If ω ≤ Π

n−α the symmetric equilibrium is such that

everyone bids the whole endowment. Clearly, when ω < Π
n−α rents are not

fully dissipated, with total bids equal to nω < n
n−αΠ. However, in the sym-

metric equilibrium full dissipation occurs whenever ω ≥ Π
n−α . Moreover, we

know that if ω > Π
n−α : a) no symmetric pure strategy equilibria exist (Lemma

1) and b) rents are fully dissipated in any mixed strategy equilibrium, be it
symmetric or asymmetric (Lemma 2). Hence, the question that arises is i)
whether there exist asymmetric pure strategy equilibria associated with less
than full dissipation when ω ≥ Π

n−α ; and ii) whether there exist asymmetric

equilibria producing a revenue lower than nω when ω < Π
n−α . In the next

proposition we characterize all pure strategy asymmetric equilibria and the
corresponding total bids.

Proposition 3

If ω < Π
n−α there exist no asymmetric equilibria.

If 1
k+1

n
n−αΠ < ω < 1

k
n

n−αΠ, with k = 1, ..., n− 1, there exists a unique pure
strategy equilibrium such that k players bid ω and n − k players bid
zero. Total bids are equal to kω < n

n−αΠ.
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If ω = 1
k+1

n
n−αΠ, with k = 2, ..., n − 1, there exist only two pure strategy

equilibria. In one k players bid ω and n − k bid zero, with total bids
equal to kω < n

n−αΠ. In the other equilibrium k + 1 agents bid ω and
n− k − 1 bid zero, with total bids equal to n

n−αΠ.

If ω = 1
2

n
n−αΠ, there exists a unique pure strategy equilibrium such that 2

agents bid ω and n− 2 bid zero. Total bids are equal to n
n−αΠ.

If ω ≥ n
n−αΠ there exist no asymmetric pure strategy equilibria.

Proof. The proof is divided in five parts, one for each of the above state-
ments.

i) We know from Proposition 2 that there exists a symmetric equilibrium
in which every agent bids ω. Suppose, contrary to the statement, the exis-
tence of an asymmetric equilibrium characterized by the following strategy
profile {x1, . . . , xi, . . . xn}. Call xh the highest bid. If xh < ω any player
would have an incentive to bid xh + ε and win the prize for sure. If xh = ω
whoever is bidding less than ω must be bidding zero, as any other bid would
result in a negative payoff. However, a bid equal to ω would guarantee this
agent a profit at least equal to n

n−1
Π
n−α−ω > 0. It follows that no asymmetric

equilibria exist.
ii) Let us start by proving that this is indeed an equilibrium. On the

one hand, none of the agents who bid zero has an incentive to make any bid
x ∈ (0, ω) as this would result in a negative payoff. Moreover, none of them
has an incentive to bid ω either, as this would guarantee a payoff equal to

1
k+1

n
n−αΠ−ω < 0. On the other hand, each of the k players who bid ω earns a

payoff equal to 1
k

n
n−αΠ−ω > 0 and therefore has no incentive to drop her bid.

Note that, since ω < 1
k

n
n−αΠ, revenue is strictly less than n

n−αΠ, i.e., rents
are not fully dissipated. We now prove uniqueness among pure strategy
equilibria. First, recall from Lemma 1 that no symmetric pure strategy
equilibria exist when ω > Π

n−α . Hence, we need to rule out asymmetric pure
strategy equilibria. Clearly, there cannot exist an equilibrium in which no
one bids ω, as any agent would have an incentive to outbid all the others.
Moreover, if at least one agent bids ω then no one else would want to bid
x ∈ (0, ω). Finally, if l < k players were bidding ω, then at least one of
the remaining agents would have an incentive to also bid ω, thus earning

1
l+1

n
n−αΠ−ω > 0. Hence no other asymmetric pure strategy equilibria exist.
iii) Consider the case in which k players bid ω and n− k bid zero. Each

of the k players earns 1
k

n
n−αΠ− ω > 0 and thus has no incentive to deviate;

each of the remaining players is indifferent between not bidding and bidding
ω. Since ω < 1

k
n

n−αΠ, revenue is strictly less than n
n−αΠ, i.e., rents are not

fully dissipated. When k + 1 players bid ω each one of them is indifferent
between bidding the whole budget or bidding zero; clearly, the remaining
n−k−1 players have no incentive to bid more than zero. In this equilibrium

26



rents are fully dissipated. The proof of uniqueness outlined in ii) rules out
the existence of other pure strategy equilibira in this case too.

iv) This is equivalent to the second equilibrium outlined in iii), i.e., k+ 1
players bid ω and the others abstain. Each of the two players who bid ω
is indifferent between bidding the whole endowment and not bidding; the
remaining players have no incentive to make a positive bid, and rents are
fully disipated. Differently from iii), k players bidding ω and n − k bidding
zero is not an equilibrium. This is because, in this case, k = 1: the active
player would not be tying with anyone else and would therefore have an
incentive to bid ε. Following the proof of ii) we can rule out any other
equilibrium in pure strategies.

iv) No more than one player can bid n
n−αΠ in equilibrium, as this would

result in a negative payoff. If exactly one player bids n
n−αΠ it is a best

response for the others to bid zero; however, the agent who is bidding n
n−αΠ

has an incentive to drop her bid to ε arbitrarily close to zero. Finally if the
highest bid is h < n

n−αΠ anyone bidding less than h has an incentive to bid
h+ ε. This proves that no asymmetric pure strategy equilibria exist.

The above proposition shows that if ω < Π
n−α the symmetric equilibrium

outlined in Proposition 2 is also the unique equilibrium. Asymmetric pure
strategy equilibria only exist in the range ω ∈

[
Π
n−α ,

n
n−αΠ

)
. If 1

k+1
n

n−αΠ <

ω < 1
k

n
n−αΠ, for k = 1, ..., n−1, the pure strategy equilibrium is unique, with

total bids equal to with kω < n
n−αΠ. If ω = 1

k+1
n

n−αΠ, for k = 2, ..., n − 1,
there exist two pure strategy equilibria with total bids equal to either kω <
n

n−αΠ or (k+ 1)ω = n
n−αΠ.13 Finally, when ω = 1

2
n

n−αΠ there exists a unique
equilibrium in which 2 agents bid ω while the others bid zero, total bids being
equal to n

n−αΠ. Hence, when ω ∈
[

Π
n−α ,

n
n−αΠ

)
there exists one equilibrium

associated with under-dissipation of rents.
Let us conclude by applying the above proposition to the specific parametriza-

tion used in our experiment. Recall that n = 4, ω = 800 and Π = 1600, while
either α = 0 or α = 1.5. When α = 0, we are in the case ω = 1

2
n

n−αΠ and
thus we have a unique pure strategy equilibrium such that two agents bid
800 while the other two bid zero. This equilibrium results in full rent dissi-
pation, as in any mixed strategy equilibrium. When α = 1.5 we fall in the
case 1

k+1
n

n−αΠ < ω < 1
k

n
n−αΠ, with k = 3. Hence, there exists a unique pure

strategy equilibrium producing under-dissipation. Three players bid 800 and
one bids zero, with total bids equal to 2400.

13Note that all of these equilibria are asymmetric, with the exception of the case ω =
Π
n−α . In this case one of the two pure strategy equilibria coincides with the symmetric
equilibrium in which everyone bids ω.
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Appendix B - Instructions

[Instructions for Session 1]
Welcome. Thanks for participating in this experiment. If you follow the

instructions carefully and make good decisions you can earn an amount of
money that will be paid to you in cash at the end of the experiment. During
the experiment you are not allowed to talk or communicate in any way with
other participants. If you have any questions raise your hand and one of the
assistants will come to you to answer it. The rules that you are reading are
the same for all participants.

General Rules

• There are 24 subjects participating in this experiment.

• The experiment will consist of 40 rounds.

• In every round you will be randomly and anonymously assigned to a
group of 4 subjects and you will be able to earn an amount of euros
based on your and others’ choices.

• In every round each of the 4 participants will be assigned an endowment
of 8 euros and will be able to win a prize of 16 euros by buying tickets
(between a minimum of 0 and a maximum of 800) at the cost of 1 euro
cent per ticket.

• At the end of the experiment the computer will randomly select one of
the 40 rounds.

• You will be paid the amount of euros you won in the selected round in
cash.

How your earnings are determined, rounds 1 - 10

• The computer randomly selects the winning ticket among all the tickets
purchased by the members of your group. The owner of the winning
ticket wins the prize.

• Thus your probability of winning the prize is given by the number of
tickets you bought divided by the total number of tickets bought by
members of your group.

• In case no tickets are purchased, no one wins the price.

Example: if you buy 300 tickets and each one of the other subjects buys
200 tickets, you earn 8 − 3 = 5 euros which you keep for yourself and you
have a probability equal to 300

900
= 1

3
of winning the prize.
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[Control questions] Calling A,B,C,D the four members of your
group and assuming that in a given round the tickets bought by
A,B,C,D are, respectively, 200, 400, 800 and 600:

• How many euros does A keep for herself?

• What is the probability that A wins the prize?

• How many euros does B keep for herself?

• What is the probability that B wins the prize?

How your earnings are determined, rounds 11 - 20

• The computer randomly selects the winning ticket among all the tickets
purchased by the members of your group. The owner of the winning
ticket wins the prize.

• Thus your probability of winning the prize is given by the number of
tickets you bought divided by the total number of tickets bought by
members of your group.

• In case no tickets are purchased, no one wins the price.

Example: if you buy 300 tickets and each one of the other subjects buys
200 tickets, you earn 8 − 3 = 5 euros which you keep for yourself and you
have a probability equal to 300

900
= 1

3
of winning the prize.

• Moreover, the total amount spent by members of your group to buy
tickets is multiplied by 1.5 and divided equally among all group mem-
bers.

[Control questions] Calling A,B,C,D the four members of your
group and assuming that in a given round the tickets bought by
A,B,C,D are, respectively, 200, 400, 800 and 600:

• How many euros does A keep for herself?

• How many euros will A obtain from the distribution of the
total amount spent by members of your group for buying tick-
ets?

• What is the probability that A wins the prize?

• How many euros does B keep for herself?

• How many euros will B obtain from the distribution of the
total amount spent by members of your group for buying tick-
ets?

• What is the probability that B wins the prize?
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How your earnings are determined, rounds 21 - 30

• The member of your group who buys the highest number of tickets
wins the prize.

• If two or more group members buy the same number of tickets, and
that is also the highest number, the prize is randomly assigned among
those participants.

Example: if you buy 300 tickets, and each of the other group members
buys 200 tickets, you win the prize.

Example: if you buy 300 tickets, and each of the other group members
buys 400 tickets, you don’t win the prize.

Example: if you and another group member buy 300 tickets, while the
other two buy 200 tickets each, you win the prize with probability 1

2
.

[Control questions] Calling A,B,C,D the four members of your
group and assuming that in a given round the tickets bought by
A,B,C,D are, respectively, 200, 400, 800 and 600:

• How many euros will be earned by A?

• Who will win the prize?

Assuming that in a given round the tickets bought by A,B,C,D are,
respectively, 200, 400, 600 and 600:

• How many euros will be earned by B?

• What is the probability that B wins the prize?

• What is the probability that C wins the prize?

How your earnings are determined, rounds 31 - 40

• The member of your group who buys the highest number of tickets
wins the prize.

• If two or more group members buy the same number of tickets, and
that is also the highest number, the prize is randomly assigned among
those participants.

Example: if you buy 300 tickets, and each of the other group members
buys 200 tickets, you win the prize.

Example: if you buy 300 tickets, and each of the other group members
buys 400 tickets, you don’t win the prize.

Example: if you and another group member buy 300 tickets, while the
other two buy 200 tickets each, you win the prize with probability 1

2
.
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• Moreover, the total amount spent by members of your group to buy
tickets is multiplied by 1.5 and divided equally among all group mem-
bers.

[Control questions] Calling A,B,C,D the four members of your
group and assuming that in a given round the tickets bought by
A,B,C,D are, respectively, 200, 400, 800 and 600:

• How many euros will be earned in total by A?

• How many euros will A obtain from the distribution of the
total amount spent by members of your group for buying tick-
ets?

• Who will win the prize?

Assuming that in a given round the tickets bought by A,B,C,D are,
respetively, 300, 500, 600 and 600:

• How many euros will be earned by B?

• How many euros will B obtain from the distribution of the
total amount spent by members of your group for buying tick-
ets?

• What is the probability that B wins the prize?

• What is the probability that C wins the prize?
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