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Abstract
Holdout problems may prevent political reforms, land-assembly and the
assembly of complements. Mechanisms that respect participation constraints
and are budget balanced cannot alleviate these problems. This paper explores exploiting lying aversion as a possible solution. Experimental evidence
obtained on the related bilateral trade problem suggests that face-to-face communication can be exploited to find mechanisms that in practice extract almost all of the available first-best surplus. A close look at the available data
suggests aversion to lying to an “identifiable victim” as a possible reason. This
theory is tested experimentally on a simplified version of the holdout problem.
The data from the experiment suggests that inducing lying aversion can be
part of a solution to the holdout problem.

JEL Classification: C91, D82, D47
Keywords: private information games; lying aversion; communication; political reforms; public goods

∗

I am grateful to seminar participants at the University of Mannheim for helpful comments.
This research was supported by the German Research Foundation (DFG) via SFB 884: ”Political
Economy of Reforms” and SFB 504: “Concepts of Rationality, Behaviour in Decision-Making
Processes and Economic Modelling”. Contact: pauschae@mail.uni-mannheim.de

1

Introduction

Failing to compensate losers of a political reform may result in them preventing the
reform. However, private information may prevent compensating the losers since
each loser has an incentive to exaggerate his costs from the agreement. This problem
is called the holdout problem. The holdout problem also occurs with land-assembly,
spectrum-assembly, debt restructuring and a monopolist buying complements from
multiple suppliers.
In the holdout problem it is generally impossible to find a mechanism that implements the ex-post efficient social choice function. Contrary to a regular market
exchange setting the holdout problem does not converge to efficiency if more participants are added (Satterthwaite & Williams (1989) and Kominers & Weyl (2012a),
Theorem 1). Therefore, other ways than increasing competition are needed in order
to solve the holdout problem.
Under standard assumptions the holdout problem entails a trade-off between
efficiency and preserving property rights. However, experimental results obtained
for the bilateral trade problem suggest that face-to-face communication may increase
efficiency dramatically. Drawing on these results I propose aversion to lying to an
identifiable victim as a possible channel for this effect. This channel is then tested
in an experiment.
I conduct this experiment on a simplified version of the holdout problem. A
higher fraction of people chooses an action that reflects their true private information
if the reverse would force them to lie to another participant. The effect is observed
in a setting with reduced social distance. Here and in the remainder of this paper
efficiency is measured by the surplus a mechanism is expected to generate as a
fraction of the theoretically available first best surplus1 . The results indicate a clear
way in which framing a revelation mechanism differently can increase efficiency.
The presence of lying aversion also implies that in some environments a “broken”
revelation mechanism that implements an ex-post efficient outcome, conditional on
telling the truth, can be more efficient than the second-best mechanism derived
under standard assumptions. The results are potentially applicable to different
incarnations of the holdout problem. However, in the experiment the setting of a
political reform is chosen.
This paper is organized as follows. Section 2 defines the holdout problem formally
and gives an overview of the theoretical and experimental literature concerned with
finding solutions to it. Section 3 draws on evidence obtained on the bilateral trade
1

This measure is conventional in the theoretical and empirical literature. For examples see:
Valley et al. (1998); Myerson & Satterthwaite (1983).
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problem to motivate why communication and lying aversion could solve the holdout
problem. In the process of doing that the specific hypothesis which is tested in this
paper is introduced. The experiment to test this hypothesis is presented in Section
4. Section 4 summarizes the theoretical predictions for the experiment. The results
of this experiment are presented in Section 6. Section 7 assesses how the results
could help in solving the holdout problem. Section 8 outlines the empirical and
theoretical work that needs to be done in order to move closer towards practical
applications.

2

The Holdout Problem

A modern formulation of the holdout problem as a mechanism design problem can be
found in Kominers & Weyl (2012b). They trace the holdout problem back to Cournot
(1838), who treats it in the context of a monopolist buying perfect complements as
inputs.
The desired area of application for this paper is a government or politician buying consent to a reform from several people or interest groups. Since most of the
literature is concerned with the assembly of complements and land-assembly the
terminology from these settings is used in order to remain consistent. The buyer
buys consent to a political reform from several sellers.
Consider a buyer that attaches a private valuation v to implementing a political
reform. The valuation is distributed according to a continuous density on the interval
[v , v̄], where v > 0. Sellers are indexed by i ∈ I. The sellers incur costs from the
¯
¯
reform that are distributed according to a continuous density on the interval [ci , c¯i ].
¯
Values and costs are always positive. The property rights of the sellers have to be
respected. That is, their participation constraints must hold. If the setting is a
political reform this has the interpretation that losers must be fully compensated.
The budget of the mechanism is required to be balanced. In order for the problem
to be interesting there have to be some states of the world in which it is not efficient
to implement the reform and some where it is:
v − Σi∈I c¯i < 0 < v̄ − Σi∈I ci
¯
¯
Additionally there has to be more than one agent whose costs are actually private, i.e. for whom v < v̄ or ci < c¯i , respectively. Reformulating the seller’s costs as
¯
¯
negative values translates the holdout problem to the general public good problem
discussed in Schweizer (1998), part 3. In Schweizer’s public good problem the distribution of the valuations can vary by individual. The support of the distribution is
3

not restricted. Thus, the holdout problem can be translated to a public good problem, where implementing the reform is a public bad for the sellers and a public good
for the buyers. Therefore, the robust impossibility theorem derived by Schweizer
applies.
Theorem 1 (Schweizer (1998)). There is no mechanism for the holdout problem
that implements an ex-post efficient social choice function.
Most of the experimental evidence on the severity and solutions to the holdout
problem is conducted on applied problems that are more complex and less abstract
than the version formulated here. The experimental results indicate that the holdout problem occurs empirically and that direct negotiation may be a possible way
out. Hoffman & Spitzer (1982) conduct multilateral face-to-face bargaining sessions
with between 2 and 20 participants. Participants achieve close to full efficiency in
perfect information environments. This is no longer the case if private information
is introduced.
The name holdout problem comes from sellers rejecting an offer and holding out
hoping for a more generous one. Cadigan et al. (2009) finds experimental evidence
for the relevance of this behavior. Holding out even occurs if it is not a Nash
equilibrium prediction.
Tanaka (2007) studies a land-assembly problem that is a more complicated version of the holdout problem described here. Participants trade parcels of land that
are complements, but not perfect complements. In most cases direct negotiation
outperforms other formal mechanisms.
The theoretical mechanism design literature concerning the holdout problem encompasses two approaches in order to achieve more efficient mechanisms. The first
approach is making the problem easier by considering modifications of the environment. The second approach is weakening either the participation constraints or the
requirement of ex-post efficiency. Kominers & Weyl (2012b) consider an example
were a buyer wants to buy perfect complements some of which are sold by multiple
sellers. In this case the probability of trade approaches one if competition increases.
Kominers & Weyl (2012a) equip the buyer with information about the sellers’ share
of the total costs from conducting a land-assembly. They do not consider the tradeoff between respecting participation constraints and efficiency explicitly, but propose
a class of mechanisms that satisfy a weaker set of desired properties. Their mechanism converges towards full efficiency as the number of sellers increases. It is at
least as efficient as the most efficient bilateral trade mechanism if sellers were able to
collude perfectly. Each agent receives compensation according to his costs estimated
by the costs of everyone else. Therefore, participation constraints only hold in an
4

approximate sense. Posner & Weyl (2017) argue that the prevalence of the holdout
problem necessitates partial common ownership of idiosyncratic goods. Grossman
et al. (2010) go the traditional route and maximize efficiency under the constraint
that agents participate voluntarily.
In conclusion theoretical and empirical results indicate that the holdout problem
occurs. Theorem 1 implies that the only way to find more efficient mechanisms
for the holdout problem with standard assumptions about human behavior is to
weaken voluntary participation or budget balance. However, there is experimental
evidence that direct negotiation may help. The channel through which this happens
is unknown. Possible channels through which these happens are discussed in the
following section.

3

Motivating Evidence

If there is only one seller the holdout problem becomes the bilateral trade problem.
Despite the Myerson & Satterthwaite (1983) impossibility result there is an experimental literature that finds that pre-play communication can lead to close to optimal
outcomes (Radner & Schotter (1989), Valley et al. (2002) and McGinn et al. (2003)).
Simillar results can be found for the Lemons market (Valley et al. (1998)). In public
good environments with free-form written negotiation the efficiency bounds implied
by mechanism design theory hold empirically (Palfrey et al. (2015)).
In the following section these results are used in order to motivate an experiment
on lying aversion in the holdout problem. Firstly, the set-up of the experiments
undertaken by Valley et al. (2002) and McGinn et al. (2003) is explained. Secondly,
several possible mechanisms for the effect of pre-play communication on efficiency
are discussed. Finally an experiment is proposed that tests if one specific mechanism
involving lying aversion is relevant in the holdout problem.
The experiments under discussion use the 1/2-double auction from Chatterjee &
Samuelson (1983). The 1/2-double auction is a special case of the k-double auction
(k = 1/2). In the k-double auction the buyer submits a bid (b) and the seller submits
an ask (a). If b ≥ a the good is traded at price p = k · b + (1 − k) · a, where
k ∈ [0, 1]. The 1/2-double auction has a linear equilibrium which implements the
second-best allocation (Myerson & Satterthwaite (1983); Chatterjee & Samuelson
(1983)). In the experiments reported in Valley et al. (2002) the 1/2-double auction
was preceded by no communication, written communication and face-to-face communication. In all treatments except the face-to-face communication treatment the
communication phase was conducted anonymously. In McGinn et al. (2003) the
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same communication treatments were used. However, anonymity was lifted in all
three treatments. In both experiments in the treatment without communication
approximately 80% of the available first-best surplus was extracted. In the written
communication treatment of Valley et al. (2002) 77% of the available first-best surplus was extracted. However, the face-to-face treatment achieved a rate of surplus
extraction of 94%. McGinn et al. (2003) only report a pooled measure of efficiency
for the two communication treatments since they conclude based on a logistic regression that the probability of individual trades is not significantly different for those
two communication treatments. They report a rate of surplus extraction of 98%.
Figure 1 gives an overview of different channels through which communication
could affect efficiency in the reported experiments. Introducing pre-play communication expands the strategy space by adding an element of cheap talk to the game.
Converting the game into a cheap talk game can increase the set of non-material
outcomes, which in turn can make non-standard preferences more relevant. Communication in itself can also influence preferences. Face-to-face communication also
suspends the anonymity of the participants. I follow Bohnet & Frey (1999b) in calling the absence of anonymity identification. Identification may affect preferences
and adds the additional possibility of sanctions.

Preferences
Communication

Identification

Strategies

Efficiency

Strategy Space
Figure 1: Possible channels for the effect of communication on efficiency.
Mathews & Postlewaite (1988) model cheap talk by an instantaneous exchange
of messages before the 1/2-double auction. This leads to a new class of equilibria.
In these equilibria agents use the cheap talk round to announce their bid/ask in
a specific k-double auction. People then use their actual bids to implement the
outcome of this k-double auction. If the bid in the cheap talk phase is smaller than
the ask the bid in the actual auction is also chosen to be smaller than the ask. If the
bid in the cheap talk phase is weakly larger than the ask agents submit the resulting
price of the k-double auction as a bid. If people actually played these equilibria one
would observe them coordinating on one price or failing to trade. This is actually
part of what is observed in the experiments of Valley et al. (2002) and McGinn et al.
(2003). In 25 out of 50 observations of the communication treatment in McGinn
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et al. (2003) participants actually coordinate on one price, however it is rarer in
Valley et al. (2002). Simply adding cheap talk is also unable to explain the increase
in efficiency since the assumptions of Myerson & Satterthwaite (1983) still hold.
There is a large interaction effect between identification and communication.
This can be seen by comparing the treatment effects from the McGill et al. and
Valley et al. studies shown in figure 2. The lines connect the observations belonging
to one experiment. The x-axis denotes the communication treatment. The y-axis
shows the estimated probability that a trade is conducted conditional on it being
a a Pareto-improvement. This measure is chosen since surplus extraction rates
were not reported on a sufficiently disaggregated level in McGinn et al. (2003). The
pyramids denote the observations from anonymous treatments, while the dots denote
the treatments that were not anonymous. The no-communication treatments have
roughly the same probability of trade despite one being anonymous and the other
not being anonymous. The face-to-face treatments from both experiments are not
anonymous and have probabilities of trade that are very close as well. However, the
probabilities of trade in the written treatments differ by approximately 20 percentage
points. A way to explain this would be that the treatment effects of written and
face-to-face communication do not differ by much and that the difference is caused
by an interaction between communication treatments and identification. A similar
mechanism seems to be at work in social dilemma games with public information
where face-to-face communication leads to a large increase in efficiency, while written
communication is less effective in doing that (e.g. Frohlich & Oppenheimer (1998);
Ostrom et al. (1992)).
One explanation for an effect of identification on bargaining behavior would be
that if participants know each other, they can punish each other outside the laboratory. However, this does not explain the interaction effect. Further, because
of the presence of private information it is not verifiable whether a participant
behaved badly. There is a series of experiments on dictator games that explores
whether anonymity versus identification affects a latent concept called social distance. These experiments are reported in Hoffman et al. (1996, 1999); Bohnet &
Frey (1999a); Charness & Gneezy (2008). In the following I use the definition of
Bohnet & Frey (1999a): “When social distance decreases, the ‘other’ is no longer
some unknown individual from some anonymous crowd but becomes an ‘identifiable
victim’ [Schelling (1968)]”.2 A reduction of social distance is theorized to activate
2

The definition of social distance in Hoffman et al. (1996, 1999); Bohnet & Frey (1999a) and
Charness & Gneezy (2008) papers differs from that used in social psychology. Although there seems
to be controversy around the definition within those papers, I side with Hoffman et al. (1999) that
the points of contention are not important.
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Figure 2: Effects of different communication treatments with and without anonymity
(Data from Valley et al. (2002); McGinn et al. (2003)).
social norms (Hoffman et al. (1996)). The series of experiments gives evidence that
the proposed mechanism works for fairness norms in the dictator game. However,
how these norms actually work is not further specified (Hoffman et al. (1996, 1999);
Bohnet & Frey (1999a); Charness & Gneezy (2008)). A further drawback is that the
results could also be explained by sanctioning outside the laboratory (e.g. yelling
or physical violence). Frohlich & Oppenheimer (1998); Bohnet & Frey (1999b) find
evidence for these mechanisms in prisoner’s dilemmas. Since the prisoner’s dilemma
can be interpreted as a public good game, this suggests that the mechanism may be
relevant for the holdout problem as well.
Applied to the experimental evidence on communication in the bilateral trade
problem social distance theory would say that identification causes a reduction in
social distance. Your negotiation partner becomes more of an identifiable victim, so
you are more willing to adhere to social norms in the contact with him. McGinn et al.
(2003) attribute the increase in efficiency to a “process of disclosure and reciprocity”.
A large fraction of bidders coordinate on telling each other the truth. McGinn et
al judge this to be reciprocal behavior, since participants reciprocate being told the
truth by telling the truth. However, pay-off based theories of reciprocity like the
fairness equilibrium (Rabin (1993); Bierbrauer & Netzer (2016)) are unlikely to be
able to explain this concentration on truth-telling since the truth has no special role
in these theories. Here the focus lies on disclosure since it seems to be the more
promising mechanism. This includes norms-based reciprocity where telling the truth
is reciprocated with telling the truth.
8

Not bidding your value in the 1/2-double auction could already be considered to
be a lie. However, the efficiency gains only occur when social distance is reduced and
participants have the opportunity to tell each other the truth or lie to each other.
This suggests that it is important to lie to the identifiable victim. The experimental
design presented in the next section tests if in the presence of a reduced social
distance having to lie to the ‘identifiable victim’ can lead to a higher rate of truthtelling in the holdout problem.
The emphasis on disclosure connects this paper to the lying aversion literature.
Mazar et al. (2008) theorize that people are averse to lying because they want
to maintain an honest self-concept. Meub et al. (2016) find that it is harder for
participants to maintain an honest self concept while lying if they have to lie to a
participant instead of the experimenter. In this case participants also tell the truth
more frequently. This evidence supports the identifiable victim mechanism. Gneezy
(2005) theorizes that lying aversion is due to guilt aversion. That is, people do not
lie because they feel guilty if they cause other people to have wrong beliefs about
their pay-offs. Guilt aversion does not predict aversion to lying in the 1/2-double
auction since beliefs about pay-offs are correct as long as players communicate the
same information to the other player and to the mechanism. In this view lying is
independent of consequences and people are also averse to white lies. White lies
are lies that are good for the person that is being lied to. Mazar et al. (2008) and
Fischbacher & Föllmi-Heusi (2013) suggest that the magnitude of a lie matters.
People are less averse to lying by a little than to lying by much.
The closer seller’s asks and buyer’s bids are to their true costs or values the more
efficient the outcome of the 1/2-double auction becomes. In the linear equilibrium
of the 1/2-double auction seller’s ask and the buyer’s bid are linear functions of the
seller’s cost and the buyer’s value. If the participants bid their true value or cost, the
auction implements an ex-post efficient social choice function that splits the gains
from trade equally. The 1/2-double auction is a broken revelation mechanism. In the
sense that people can tell the truth and it implements a social choice function, but it
is not an equilibrium. But it is also a constraint optimal mechanism. In conclusion
being truthful is attractive for several reasons and it increases efficiency. The auction
is the optimal mechanism if none of these reasons hold and agents behave according
to classical theory. Since it is hard to find mechanisms with those properties it
is important to find out through which specific channels communication increases
efficiency.
Face-to-face communication leads to close to full extraction of surplus. Aversion
to lying to an identifiable victim is a theory that explains this result and is consistent
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with the experimental data. Due to the complexity of the 1/2-double auction with
cheap talk it is not possible to confirm this mechanism using existing data. The
results reported in this paper provide evidence that this mechanism is relevant in
the holdout problem.

4

Experimental Design

In order to test the hypothesis that having to lie to an ‘identifiable victim’ can lead
to a higher rate of truth-telling in the holdout problem, it is necessary to find a
simple version of the holdout problem and a specific mechanism. The experimental
design and the underlying game were chosen according to three criteria. Firstly, the
game used in the environment should contain all essential features of the holdout
problem. Secondly, the experiment should give theory its best shot in the sense of
Plott (1982). That is I want to maximize the chance of finding the effect if it is there.
Since the existing evidence on better than predicted mechanisms through communication was conducted in complicated environments there is a lot of uncertainty
about the underlying mechanism. In this context it is helpful to be able to move on
if the proposed theory failed its “best shot”. Finally, if a higher rate of truth-telling
actually occurs it should be clearly attributable to the proposed theory.

4.1

A Simplified Version of the Holdout Problem

The experiment uses the following simplified version of the holdout problem. There
are two sellers that can block a reform. These sellers have private costs from the
reform. It is publicly known that the reform generates a benefit of v. The seller’s
costs ci are drawn from the set {0, c̄}, where c̄ ∈ (0.5v, v]. Seller i has positive cost
c̄ with probability p ∈ (0, 1).
Since the problem is binary participants can either lie or tell the truth. Concentrating only on the sellers simplifies the problem in two ways. Firstly, all observations
can be pooled. This assures maximal power given a fixed number of participants.
Secondly, there is only one person that can be the identifiable victim. The holdout
problem is a public good problem among the sellers nested into a bilateral trade
problem. The experiment focuses on the public good problem.
Besides the general structure a defining feature of the holdout problem is than an
impossibility theorem holds. Since costs in the experimental game follow a discrete
distribution the assumptions of Theorem 1 no longer hold. Therefore, it is necessary
to choose the parameters of the simplified holdout problem so that an impossibility
theorem holds. It is ex-post efficient to implement the reform if at most one seller
10

has the high costs. The goal is to implement a social choice function that fulfills the
participation constraints of the two sellers, is budget balanced and ex-post efficient.
The social choice function f consists of a transfer rule for each of the two agents
(ti ) and an outcome function q. The transfer that player i receives is denoted by
ti (ci , c−i ). The outcome function maps the vector of costs into the decision if the
reform should be implemented or not:


1

if: ci + c−i < v

0

if: ci + c−i ≥ v

q(ci , c−i ) = 

Consider a revelation mechanism that implements the ex-post efficient outcome
rule. If the ex-post efficient outcome is implementable under the desired conditions
it satisfies the following incentive compatibility constraints for all i ∈ {1, 2}:
p · ti (0, c̄) + (1 − p) · ti (0, 0) ≥ p · ti (c̄, c̄) + (1 − p) · ti (c̄, 0),

(IC1)

p · ti (c̄, c̄) + (1 − p) · (−c̄ + ti (c̄, 0)) ≥ p · (−c̄ + ti (0, c̄)) + (1 − p) · (−c̄ + ti (0, 0)). (IC2)
The Participation constraints are given by
p · ti (0, c̄) + (1 − p) · ti (0, 0) ≥ 0,

(PC1)

p · ti (c̄, c̄) + (1 − p) · (−c̄ + ti (c̄, 0)) ≥ 0

(PC2)

and the budget balance constraint is
t1 (c1 , c2 ) + t2 (c2 , c1 ) ≤ q(c1 , c2 ) · v

∀(ci , c−i ) ∈ {0, c̄} × {0, c̄}.

(BC)

Checking these constraints results in the following theorem, the proof of which is
given in the appendix.
v < c̄ any social choice function that satisfies
Theorem 2 (Impossibility). If 1+p
2
BC, PC1 and PC2 also satisfies IC2 and violates IC1.
The parameters for the experiments are chosen in order to satisfy this constraint.

4.2

The Experimental Game

To keep the mechanism simple it should be deterministic. To give theory its best
shot requires the possibility of a large increase in truth-telling due to the treatment.
In order to leave room for a large increase in truth-telling the Nash equilibrium of the
11

mechanism used in the experiment should predict a small probability of truth-telling.
An increase in truth-telling should lead to an increase in efficiency. A second desired
property is that switching to telling the truth should also not be overly expensive.
The experimental game is a “broken” revelation mechanism of the following social
choice function:
f (c1 , c2 ) = (q(c1 , c2 ), t(c1 , c2 ), t(c2 , c1 )), where:
q(c1 , c2 ) =



1

if: c1 + c2 < v


0

if: c1 + c2 > v

and t(0, c̄) = v − c̄, t(c̄, c̄) = 0, t(c̄, 0) = c̄, t(0, 0) = v/2. Let the strategy of player i
in the revelation mechanism which is generated by the above social choice function
be denoted by si : {0, c̄} 7→ {0, c̄}. Then Theorem 3 describes the pure strategy
equilibria of that mechanism. The proof is given in the appendix.
Theorem 3. The strategy profiles (st , sl ) and (sl , st ) are the unique pure strategy
equilibria of the revelation mechanism induced by social choice function f if: st (ci ) =
ci and sl (ci ) = c̄. Further, the participation constraints hold.
The mechanism is not incentive compatible on purpose since a low predicted
probability of truth-telling is needed. If truth-telling were an equilibrium the mechanism would be ex-post efficient. This ensures that an increase in truth-telling is
also a move towards efficiency. The transfers of the mechanism are structured in
a way that if the good is provided and a participant claims high costs she is compensated by exactly her costs. The remaining surplus is distributed to the other
participant. So the mechanism is budget balance by construction. By Theorem 2
incentive compatibility for high cost types follows at no additional costs. Hence
all the remaining surplus can be used to make telling the truth less costly for the
low-cost types.
Since this equilibrium is not symmetric and in the experiment there is no plausible way for the two players to coordinate the symmetric mixed strategy Bayes Nash
equilibrium probably yields a better prediction of observed behavior.
Theorem 4. Let st (ci ) = ci and sl (ci ) = c̄. There is a unique symmetric mixed
strategy Bayes Nash equilibrium of the revelation mechanism induced by social choice


2
1 − vc̄ and sl with
function f in which each player plays st with probability ρ = 1−p
the converse probability. If participants incur a cost cl from playing strategy sl they


2
l
play sl with probability ρ(cl ) = 1−p
1 − c̄−c
v
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Using the results from above the parameters for the experiment can be determined. In the following discussion v is assumed to be fixed. This can be done
since all equations only depend on the relative sizes of v and c̄. The absolute size
of monetary incentives can be adjusted, using the exchange rate between real and
experimental currency.
In order to allow for a potentially large treatment effect it is necessary to have a
high fraction of liars in the mixed strategy Nash equilibrium. On the other hand if
ρ falls by enough coordinating on the asymmetric pure strategy Bayes Nash equilibrium becomes more desirable. Therefore, it must be ensured that the communication
channels provided by the experiment cannot be used in order to coordinate on an
equilibrium. There are two ways to reduce ρ: reducing p or increasing c̄. The
parameters have to satisfy the conditions given in Theorem 2.
It would also be desirable that the mechanism has a good shot to beat the
second best mechanism. The impossibility result critically depends on conducting
the reform being optimal if only one of the players has high costs. If the surplus
in this case (v − c̄) is low enough a revelation mechanism that only implements the
reform if both players have low costs becomes close to optimal. This also happens
if p falls, making this case very improbable.
In the experiment participants in the lying treatment are able to observe the
other player’s announcement of their costs. This causes a further problem with a
low probability of having high costs. Since in this case it is very likely that your
partner is lying if he announces high costs a given player can judge relatively well if
he is being lied to. This is something that is not always given when deciding about
reforms in the real world.
In conclusion there is a trade-off between keeping the experiment relevant to
applications and having enough power to determine the treatment effect. Since this
paper is the first try for determining if the proposed approach is practical at all this
paper errs on the side of high statistical power.
With respect to the impossibility theorem the surplus in the case where only one
player has high cost, v − c̄, and the probability with which a player has low costs,
p, are complements. Both determine the importance of this case. However, having
a low p also makes it more probable that someone who says that she has low costs
is lying. I sacrifice some surplus in order to get a higher p since I do not want it to
be obvious that claiming high costs is a lie.
Keeping all these considerations in mind the parameters are chosen to be v = 100,
c̄ = 80 and p = 0.2.
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4.3

Experimental Procedures

The experiment was programed in oTree (Chen et al. (2016)). In order to test
the hypothesis two versions of the experimental game are needed. A control game
where participants simply choose a strategy without any connection to lying and a
treatment game where the participants have to lie to each other. The treatment is
forcing the participants to lie to each other about their private information if they
want to misrepresent it towards the mechanism. For the purpose of this experiment
lying is communicating someone something that is not true. The screens containing
the main parts of the instructions are shwon in Appendix E. The source-code for
the experiment is available on-line. 3 .
In order to avoid the results being confounded by converting the game into a
cheap talk game the treatment game should be strategically equivalent to the control
game. Table 1 shows the material pay-offs of the mechanism used in the experiment
depending on the actions taken by the two players. The rows show the actions player
1 takes. The column labels show the actions of player 2. For now the actions are
labeled 80 and 0. In the experiment they work slightly different depending on the
treatment. However, the underlying material pay-offs and the information structure
remain unchanged.
Table 1: Pay-off matrix of the game used in the experiment.

Player 1

0
80

Player 2
0
80
50 − c1 , 50 − c2 20 − c1 , 80 − c2
80 − c1 , 20 − c2 0, 0

In the beginning of the experiment the general structure of the experiment is
explained to all participants. Participants are not told the rules of the experimental
game yet. In the next task the participants are able to communicate with each other.
In order to avoid them using this communication phase to coordinate or exchange
information they have to remain oblivious of their tasks. In order to decrease social
distance participants are given the opportunity to introduce themselves by writing a
message (introduction message) to the other players that they will be grouped with.
They are instructed not to send identifying information (whether people could be
identified is checked later by asking the recipients of these messages). Anonymity
should be preserved in order to prevent sanctioning outside the lab.
There is no control group for the introduction message. This means that the
treatment is tested only in the presence of a decreased social distance to the other
3

The source-code can be found on GitHub (https://github.com/pauschae/experiment_
holdouts).
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player. Thus, the theorized interaction between decreased social distance and having
to lie is not tested. This is not done here for the reason that I want to test first
whether lying aversion is relevant in a setting with a large predicted effect (low social
distance) instead of sacrificing statistical power or resources to test details about
an effect that may not be there. This strategy corresponds to McGinn et al. (2003)
testing pre-play communication only in the presence of identification.
The setting including the distribution of costs is explained to all participants.
The problem is framed explicitly as deciding on a political reform. The explicit
framing was chosen to make the problem easier to explain.
Following recommendations by Normand (2016) a within-subject design is chosen
in order to increase statistical power. The treatment requires sending information to
the other player. This is ideally done directly after the decisions is made in order to
preserve the connection the decision and its consequences. This makes it necessary
to always run the control game first in order to avoid the result being confounded
by learning effects. A disadvantage of this procedure is that treatments cannot be
counterbalanced in order to avoid confoundment, by order effects. In order to avoid
order effects despite this limitation participants are not given any feedback between
the treatment and control game.
Both games start with an explanation of the rules. After that understanding
is checked by three questions. Since the games differ control questions were asked
twice. Asking the questions in the control game decreases the risk that participants
misunderstand the rules and think that the games are not strategically equivalent.
The questions were equivalent for both games. If those questions are answered
wrongly the participants get additional explanations. After each game probabilistic
beliefs about the other player’s action when having low costs are elicited using a
quadratic scoring rule. The quadratic scoring rule is presented in a format analogous
to Vanberg (2015). Participants are asked to judge whether the other player is likely
to announce high costs given that he has low costs. They can enter their judgments
using a slider. They can choose probabilities in steps of 0.1. While doing that they
see the pay-offs for both cases calculated by the quadratic scoring rule. The pay-offs
change dynamically with the probabilities they announce. In order to avoid hedging
final pay-offs are chosen randomly from either treatment or control game. Rewards
for the probability judgments are taken from the other game.
Before the control game participants get randomly matched to a partner. Then
the introduction message of the other player is shown. After that participants
get told their costs. Costs stay constant during both games in order to facilitate
within-subject comparisons. People are asked if they want to demand a compensa-
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tion payment. Demanding compensation corresponds to the action of announcing 80
in the experimental game summarized in Table 1. Not demanding a compensation
payment corresponds to announcing 0.
For the treatment game participants get matched to another partner. This is
done in order to avoid interactions between treatment and control game. Then the
introduction message of the other player is shown and participants are reminded
of their costs. People have the choice between one of two messages (corresponding
actions in brackets):
• “I have no costs from the reform” (0)
• “The reform costs me 80 Taler [the experimental currency].” (80)
People are informed that their chosen message will be send to their partner after
both games. Additionally the chosen message triggers the corresponding action in
the game summarized in table 1. Participants know that.
After the two rounds participants have to answer demographic questions and get
paid a fixed fee of 60 plus their pay-off from one round chosen at random plus their
pay-off from the belief elicitation in the round which was not chosen.

5

Predictions

In the control game the labels of the actions do not involve lying and no information
is sent, therefore lying costs should play no role in the control game. Since lying
costs should play no role in the control group the results should be predictable by a
Nash equilibrium. The absence of opportunities for coordination makes the mixed
strategy equilibrium the best prediction. Introducing an aversion to lying should
lead to less lying. The simplest way to model that is a mixed Nash equilibrium with
homogeneous costs for lying. A model with private heterogeneous lying costs would
also be possible, but it is hard to compare to the prediction for the control.

5.1

Control

Recall that the parameters for the experimental game are chosen to be v = 100,
c̄ = 80 and p = 0.2. Since the control game does not involve lying and participants
have no way to coordinate a good prediction for the control group seems to be the
mixed strategy Nash equilibrium. This leads to a probability of playing st (always
2
90
2
(1 − vc̄ ) = 1−0.2
(1 − 100
) = 0.25.
telling the truth) of 1−p
If players play the mixed equilibrium the reform is implemented if at least
one player announces costs of 0. An individual player announces costs of 0 with
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probability 0.8 · 0.25 = 0.2. Both players announce costs of 0 with probability 0.82 · 0.252 = 0.04. At least one player announces cost 0 with probability
0.4 − 0.04 = 0.36. In the pure strategy equilibrium the reforms is implemented
if the player that plays st has the low valuation. That happens with probability 0.8.
If only one player has the low valuation the first best surplus is 20. This situation
occurs with p = 2 · 0.8 · 0.2 = 0.32. In the pure strategy equilibrium in half of these
cases the reform is implemented. In the mixed strategy equilibrium the reform is
implemented in this case if the player with the low costs plays st , this occurs with
probability 0.25.
If both players have costs of 0 the first-best surplus is 100. This occurs with
probability 0.82 = 0.64. In the pure strategy Bayes Nash equilibrium the reform is
always implemented in this case. In the mixed strategy equilibrium the reform is
implemented if at least one player plays st . This happens with probability 1−0.752 =
0.4375.
Taking this together the expected available surplus is given by: Wf b = 0.32 · 20 +
0.64 · 100 = 70.4. The expected realized surplus in the pure strategy equilibrium
is: Wps = 0.32 ∗ 0.5 ∗ 20 + 0.64 ∗ 100 = 67.2. The expected surplus in the mixed
strategy equilibrium is Wms = 0.32 ∗ 0.25 ∗ 20 + 0.64 ∗ 0.4375 ∗ 100 = 29.6. The
pure strategy equilibrium extracts ≈ 95% of available surplus, whereas the mixed
equilibrium only extracts ≈ 29%.
So for the pure strategy equilibrium and the chosen parameters the impossibility
result is not actually that strong. This is slightly problematic since it encourages
coordination. But there seems to be no good way around it.
The binary setting necessarily leads to the asymmetric equilibrium, which makes
the mixed equilibrium more credible. In turn the mixed equilibrium needs the case
with the mixed valuations to be relatively inconsequential in order to produce a
large fraction of liars. The final consequence is a large fraction of extracted surplus
in the pure strategy equilibrium.
If players are able to coordinate on one of the two pure strategy equilibria one
should expect half of the players with costs of 0 to report their costs truthfully. If
the mixed strategy equilibrium is played one should expect approximately 25% of
players to do so.

5.2

Treatment

The treatment involves lying to an ‘identifiable victim’. This should make the participants more averse to misrepresent their private information. The simplest way
to model this is by a homogeneous cost of lying. Announcing costs of 0 when having
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costs of 80 remains dominated since lying costs make announcing costs of 0 even
worse.
If lying costs remain small enough the best responses for the pure strategy equilibrium remain unchanged. The best response to sl is st , even without lying costs.
Lying costs do not change that. If lying costs become large the incentive to tell
the truth dominates the material incentives and st becomes the new best response
to st . This yields the strategy profile (st , st ) as an ex-post efficient pure strategy
equilibrium.
Forcing participants to lie to an identifiable victim instead of simply misrepresenting their private information should lead to a cost, cl , associated with lying, i.e.
2
l
(1 − c̄−c
)
playing strategy sl . Using the equation from Theorem 4 yields ρ(cl ) = 1−p
v
as the probability of telling the truth. Since this rises in cl the mixed Nash equilibrium predicts an increase in the fraction of truth-telling.
In conclusion the treatment probably leads to a higher fraction of truth-telling.
On the off-chance that players are able to coordinate on an asymmetric pure strategy
equilibrium the fraction of truth-telling should remain the same or change to one.
An increase in truth-telling also increases efficiency.

6

Results

The experiment was conducted in 5 sessions with 88 participants in total. Sessions
were conducted between mid December 2016 and mid January 2017. The experiment was conducted in Mannheim Laboratory for Experimental Economics (mLab).
Participants were recruited using the ORSEE system (Greiner (2004)). The experiment lasted 30 minutes and the participants on average received a payoff of 4.66
Euro. There were 4 participants that had to be removed from the data since they
were able to identify their partner (as indicated by their answer in the questionnaire). The average age of the remaining 84 participants was 22. Slightly less than
half of the students studied economics for at least one semester. Slightly more than
half of the participants were men. Three fourths of the participants were bachelor’s
students.
Figure 3 shows the fraction of participants that choose a strategy that accurately
reflects their cost. The left panel shows the participants with costs of 0 and the
right panel shows the participants with costs of 80. The x-axis indicates whether
the observations are from the treatment or the control group. The top left corner of
each panel shows the number of participants with the corresponding costs. Mixed
Nash equilibrium predictions are indicated by the black vertical lines with the “N.e”

18

Cost = 0

Cost = 80

n = 66

n = 18

Fraction of truth telling

1.00

N.e.

N.e.

Control

Treatment

0.75

0.50

0.25

0.00

N.e.

N.e.

Control

Treatment

Figure 3: Fraction of participants that choose a strategy that accurately reflects
their cost in the treatment and control group. The plot is split by actual cost.
labels. The confidence intervals are exact binomial. Note, that since treatment and
control group observations are from the same participants comparing two confidence
intervals is meaningless. In order to test if there is a significant difference between
the two treatments a within-subject test has to be conducted.
In both treatments and for both types the fraction of truth-telling deviates significantly from the Nash equilibrium predictions. This is especially remarkable for
the participants with costs of 80 because claiming costs of 0 is a dominated action
for them, which does not depend on lying aversion. Taking the data from the participants with cost 80 into account the higher than predicted fraction of truth-telling
for the participants with costs 0 does not necessarily mean that there is lying aversion in the control group. For both groups the amount of truth-telling rises with the
treatment. This again is remarkable for the participants with costs 80 since theory
with or without incorporating lying aversion predicts a constant rate of truth-telling
of 1.
Insofar as it can be captured by wrong answers to the control questions one can
control for misunderstanding the rules. For the following analysis one observation
is the behavior of one person in one round. Recall that the control questions were
asked in the treatment and in the control game. All control questions were answered
correctly in approximately 68% of observations. Restricting the sample to those
observations and redrawing figure 3 does not change any of the findings. The figure
for the restricted sample can be seen in Appendix D.
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Table 2: Contingency table for strategies of participants with cost of zero.

Control Game

Treatment Game
0
80
34
4
17
11

0
80

Table 2 shows the relationship between actions in the control and the treatment
game for participants with costs of 0. The row labels of the table indicate whether the
participant chose the action corresponding to costs of 80 or the action corresponding
to costs of 0 in the control game. The column labels indicate the same for the
treatment game. As you can see from the table, 34 participants (approximately
half) chose to play a truthful action in the control as well as in the treatment game.
The other 28 participants chose to claim costs of 80 in the control game. More than
half of those changed to claiming costs of 0 in the treatment game (≈ 60%). Almost
no participants (4) switched from claiming costs of 0 to claiming costs of 80.
Since the outcome is binary and I use a within-subject design I follow the recommendations of Moffatt (2015) and conduct a McNemar change test with continuity correction. The null hypothesis that an equal number of people changed from
truthful to untruthful actions than did the reverse can be rejected (p ≈ 0.01). A
permutation test allows for checking the hypothesis that the fraction of truthful
actions increased more directly. The null hypothesis that the fraction of truthful
actions stayed the same when switching from control to the treatment group could
be rejected in favor of the alternative that the fraction of truthful actions increased
(p ≈ 0.00). To account for within-participant correlation treatment status was permuted on participant level. Participants did not randomize independently between
the two games.
To test whether participants are able to coordinate I run a chi-squared test with
the null hypothesis that the actions of one player are independent from the actions
of the other player. The sample is pooled by costs and the players are arbitrarily
assigned to one side. The test is unable to reject the null (p ≈ 0.65).
In the control games 77% of available surplus were extracted. In the treatment
games 93% of available surplus were extracted. Surplus extraction rates are computed on the whole sample and thus include the cases were trade was conducted
despite causing a welfare loss.
In their introduction messages almost all of the participants told each other how
old they were and what hobbies they have. Some described their character traits.
Two of the participants made a promise too cooperate, even though they did not
know the rules yet.
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Mean estimated p.: 0.6
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Mean estimated p.: 0.63
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Elicited probability of telling the truth
Figure 4: Beliefs about truth-telling for treatment and control group. The sample
is restricted to participants with cost 0.
Figure 4 shows the distribution of elicited beliefs about strategies grouped by
treatment status. The x-axis shows the elicited probability that a participant choose
the action corresponding to 0, given that he has actually has costs of 0. The x-axis
shows how many participants had that belief about their partner. The population
frequency is given by the white bars labeled “true”. The belief distributions are quite
dispersed. There is some concentration around the true value. The mode of both
distributions is the belief that the partner always tells the truth. Players that have
costs of 0 and choose action 0 belief that their partner is telling the truth conditional
on having costs of 0 with an average probability of approximately 0.7 independently
of treatment status. Players that have costs of 0 and choose action 80 when being
in the control believe that their partner is telling the truth conditional on having
costs of 0 with an average probability of approximately 0.5. When they are in the
treatment the average probability is 0.55. In conclusion elicited beliefs are not very
accurate and there is a positive dependency between telling the truth and believing
that others tell the truth. The positive dependency does not depend on treatment
status.
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7

Discussion

The experimental results indicate that having to lie to an “identifiable victim” leads
to more private information being revealed in the broken revelation mechanism used
in the experiment. This suggests that mechanisms, where people have to lie to an
“identifiable victim‘” lead to more efficient outcomes. However, the mechanism
in the experiment under-performs the theoretically most efficient mechanism, but
not by much. The constraint optimal mechanism must extract at least as much
surplus as the asymmetric pure strategy Nash equilibrium of the broken revelation
mechanism which extracts 95% of available surplus. In the treatment group 93% of
available surplus were extracted.
The sub-optimal performance of the broken revelation mechanism is not surprising because the environment was optimized in order to test lying to an identifiable
victim as the specific channel through which efficiency improves. This was done at
the cost of a high predicted efficiency of the second best mechanism. Still, the efficiency gain was very high and the results can be used in order to extrapolate in which
settings the broken revelation mechanism exploiting lying aversion outperforms the
second-best mechanism.
Assuming that participants are rational, i. e. the dominated actions are due to
some kind of non-material utility from having the reform implemented. Something
about the optimal mechanism can be learned by looking at the incentive compatibility constraint of the type with costs 0. Theorem 3 indicates that the constraint
for the high cost type always holds. Adding a lying cost cl to the constraint for the
low cost type yields the following constraint:
p · (v − c̄) + (1 − p) · 0.5v ≥ (1 − p) · c̄ − cl ,

(IC1∗ )

This can be re-arranged to:
cl ≥ c̄ − 0.5v(p + 1),

(IC1∗ )

Re-arranging the condition from Theorem 2 tells us that the impossibility theorem
does not hold if:
0 ≥ c̄ − 0.5v(p + 1).
This shows that lying costs act as a subsidy that reduces the regret a seller incurs
from telling the truth. If lying costs are large enough for all participants a truthtelling equilibrium can be sustained. This is easier if the gains from lying become
smaller. The gains from lying become smaller if there is less money available when
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claiming to have high costs, which happens when c̄ is low. The gains from lying also
become smaller when it becomes more likely that lying prevents the reform. This
happens when p is high. Given fixed lying costs IC1∗ holds when the benefit to
implementing the reform in the case when one seller has high costs and the other
seller has low costs is large.
A challenge to extrapolating from the experimental results is that they do not
seem to be easily captured by a rationality-based model. First order beliefs are
not very accurate and vary greatly across participants. Additionally, participants
play dominated strategies. However, playing dominated strategies is something
that also occurs in other mechanisms like the second price auction (Kagel & Roth
(1995), chapter 7) and Nash equilibrium is still useful there. Some participants may
value being perceived as honest higher than actually telling the truth. Since high
cost types are rare and empirically mostly truthful the identifiable victim should
belief that a player told the truth with a higher probability if he announced low
costs. As a consequence if participants want to be perceived as honest they should
announce low cost even if they have high costs. A similar behavior is observed in
Fischbacher & Föllmi-Heusi (2013). Alternative reasons for the observed behavior
are decision errors or framing. The game was framed as a decision on a reform with
a public benefit. It could be the case that participants believe that the reform being
implemented is a good thing in itself. Another possibility is that participants make
random errors. There is no evidence for the hypothesis that participants did not
understand the rules sufficiently well.
Lying costs probably depend on the parameters of the game. Fischbacher &
Föllmi-Heusi (2013) suggest that participants care about others believing that they
tell the truth. In the context of the game discussed here this means that lying
costs should become smaller if the probability of having high cost rises. If it is
more likely to have high costs it becomes less likely that someone that is saying
that she has high costs is lying. Because it is dominated for high cost participants
to lie low cost participants can hide among the increasing population of high cost
participants. Lying costs may also depend on the consequences of lying for the other
participant. As a consequence, even though lying aversion seems to be one channel
through which communication increases efficiency other-regarding utility functions
may still be relevant.
In the treatment condition telling the truth is equivalent to telling the identifiable
victim that one announced low costs. In a revelation mechanism participants are
asked for their private information. Answering this question truthfully may be seen
as fair play akin to abstaining from fouling in a soccer game. Recall that if a player
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wants the identifiable victim to belief that he played fairly he should announce low
costs. This is less costly if he actually has low costs. Thus wanting to be seen
as someone who plays fairly could motivate participants to be truthful. Since this
theory is very close to lying aversion it could also explain among others the findings
of Fischbacher & Föllmi-Heusi (2013) and Abeler et al. (2014).
Participants who tell the truth believe with a higher probability that others
will do the same. If participants would play a mixed strategy equilibrium the first
order beliefs should be consistent and there should be no correlation between beliefs
and actions. If participants best respond to their beliefs and individual lying costs
are independent of beliefs there should be a negative relationship between telling
the truth and believing that others tell the truth. This happens because if the
probability that the other player tells the truth rises it becomes less likely that
claiming high costs while having low costs prevents trade. Participants believing
that others act similarly as they do explains the dependency between beliefs and
actions. A rival explanation would be that participants want to reciprocate if others
tell the truth. If this where true participants would react stronger to changes that
increase lying costs since there is a second-order effect through reciprocity.
Half of all participants tell the truth in the control game. This is twice as much
as predicted by the mixed strategy equilibrium. Since it is half of all participants it
may be the case that participants simply use a rule of thumb. Another explanation
could be that participants have some non-material utility from telling the truth,
even in the control group. One reason would be that participants also have lying
costs in the control group. Other reasons are social preferences or a preference for
efficiency. Risk aversion could also be a reason. If low cost types tell the truth
they either get v − c̄ or 0.5v. If they lie they get 0 or c̄. The first gamble has a
lower expectation, but also a lower variance. So risk-aversion could lead to more
truth-telling.
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8

Conclusion

Having to lie to an identifiable victim decreases misrepresentation of preferences in
a broken revelation mechanism for the holdout problem. The given mechanism does
not breach the upper bound for efficiency. However, there is some indication that
it may do that for different parameters. The results suggest that exploiting lying
aversion by a mechanism in which participants have to lie to each other in order
to misrepresent their private information may be a good way to find more efficient
mechanisms.
There are several building blocks that are still missing to move these kinds of
mechanisms towards a real world application in the holdout problem. Checking
whether the introduction message is necessary would help in judging how familiar
participants in the mechanism have to be with each other. It should also be checked
whether it is more effective to force participants to lie to fellow seller instead of
the buyer. In order to make better predictions about the outcomes of mechanisms
involving lying aversion a better understanding of how lying costs are influenced by
reciprocity is needed. Further, it should be investigated how the ability to hide lies
behind a high fraction of high cost buyers influences the fraction of truth-telling.
The broken revelation mechanism should be compared to the second-best mechanism
in a setting where the second-best mechanism is predicted to be less efficient than
here. In order to be practically applicable the results of this paper would also have
to translate to continuous environments, where lying is a matter of degrees.
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Appendices
A

Proof of Theorem 2

Proof. Without loss of generality we can assume that the transfer function is the
same for both players. This holds since the incentive compatibility constraints and
the participation constraints do not depend on the other player’s transfer function.
Therefore, if these constraints are fulfilled for a pair of transfer functions that differ
on a pair of announcements we can use this to construct a mechanism with symmetric transfer functions by using the cheaper transfer at all those points. This
automatically leads to the budget balance constraint being satisfied, since it was
satisfied for the original more expensive transfer scheme.
First some conditions on transfers are established using the participation and
budget balance constraints. Then it is shown that the incentive compatibility constraint for the high cost types always holds. This result leads to concrete values of
transfer for which the incentive compatibility constraint of the low cost types has to
hold if it holds at all. From that observation the desired result follows. Recall the
budget balance constraint:
t1 (c1 , c2 ) + t2 (c2 , c1 ) ≤ q(c1 , c2 ) · v

∀(ci , c−i ) ∈ {0, c̄} × {0, c̄}.

(BC)

If both players have high costs BC implies that:
t1 (c̄, c̄) + t2 (c̄, c̄) ≤ 0 ⇔ ti (c̄, c̄) ≤ 0

∀i ∈ {1, 2}.

The implication follows by the symmetry of the transfer functions. Recall the participation constraint of the type with high costs:
p · ti (c̄, c̄) + (1 − p) · (−c̄ + ti (c̄, 0)) ≥ 0
Combining the two equations above yields:
(1 − p) · (−c̄ + ti (c̄, 0)) ≥ 0 ⇔ ti (c̄, 0) ≥ c̄.
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(PC2)

Since c̄ > 0.5v ⇔ v < 2c̄. If one player has high cost and the other has low cost, the
budget constraint is:
ti (c̄, 0) + t−i (0, c̄) ≤ v < 2c̄
⇔
t−i (0, c̄) ≤ v − ti (c̄, 0) ≤ v − c̄ < 2c̄ − c̄ = c̄
Since the transfers are symmetric this also holds for ti . If both players have low
costs BC becomes:
t1 (0, 0) + t2 (0, 0) ≤ v ⇔ ti (0, 0) ≤ 0.5v < c̄
Using these ingredients it can be shown that IC2 always holds. Recall IC2:
p · ti (c̄, c̄) + (1 − p) · (−c̄ + ti (c̄, 0)) ≥ p · (−c̄ + ti (0, c̄)) + (1 − p) · (−c̄ + ti (0, 0)). (IC2)
The right side of IC2 is always smaller than 0, since ti (0, c̄) ≤ c̄ and ti (0, 0) < c̄. The
left side of IC2 is weakly bigger than 0 if PC2 holds. Therefore IC2 always holds.
Recall IC1:
p · ti (0, c̄) + (1 − p) · ti (0, 0) ≥ p · ti (c̄, c̄) + (1 − p) · ti (c̄, 0).

(IC1)

Every additional compensation that the high cost sellers receive, ti (c̄, c̄) and ti (c̄, 0)
only increases the right side of IC1. This makes it harder for IC1 to hold. Therefore
if IC1 holds for PC2 holding with inequality, IC1 also holds for PC2 holding with
(c̄ − ti (c̄, 0)). Inserting
equality. PC2 holding with equality implies: ti (c̄, c̄) = 1−p
p
into IC1:
p · ti (0, c̄) + (1 − p) · ti (0, 0) ≥ p ·

1−p
(c̄ − ti (c̄, 0)) + (1 − p) · ti (c̄, 0)
p

⇔
p · ti (0, c̄) + (1 − p) · ti (0, 0) ≥ (1 − p)c̄
Using ti (0, c̄) ≤ v − c̄ and ti (0, 0) ≤ 0.5v produces the following implication of the
above statement:
p · (v − c̄) + (1 − p) · 0.5v ≥ p · ti (0, c̄) + (1 − p) · ti (0, 0) ≥ (1 − p)c̄
Using the contrapositive statement IC1 is violated if the following inequality is
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violated:
p · (v − c̄) + (1 − p) · 0.5v ≥ (1 − p)c̄ ⇔

B

1+p
v ≥ c̄
2

Proof of Theorem 3

Proof. First it is shown that si (c̄) = c̄ for every i in every equilibrium. Then the
asymmetric equilibrium is established. Finally uniqueness is proven by checking if
the remaining possible strategy profiles form an equilibrium.
For a player with ci = c̄ misrepresenting her value is dominated.
If the other player announces costs of 0, player i’s utility from truthfully reporting
costs of c̄ is given by ti (c̄, 0) − c̄ = 0. Her utility from lying and reporting low costs
is given by t(0, 0) − c̄ = v/2 − c̄ < 0.
If the other player reports costs of c̄, truthful reporting prevents the good from
being provided and results in a utility of 0. Reporting 0 costs results in a utility
of t(0, c̄) − c̄ = v − c̄ − c̄ = v − 2c̄ < 0. Therefore, reporting the high valuation is
also dominated in this case for the low cost buyer. Therefore, it holds that in all
equilibria si (c̄) = c̄
∀i ∈ {1, 2}.
Since it is a dominant strategy for the high cost buyer to report truthfully and she
gets utility 0 in all cases in which she does that the participation constraint holds
ex-post for the high cost buyer. Since all transfers are positive the participation
constraint for a player with ci = 0 holds ex-post. Using this observation it directly
follows from Theorem 2 that there is no Bayes Nash equilibrium in which the low
cost Buyer always tells the truth. However, there is an asymmetric equilibrium in
pure strategies were one buyer always tells the truth and one buyer does so only if he
has costs of c̄. If one player always reports her actual cost it follows by the violation
of IC1 that the best response of the other player is to report costs of c̄ when having
costs of 0. It follows from the observation that reporting costs of 0 when having
costs of c̄ is dominated that the best response to one player fully revealing his costs
is to always report high costs.
It remains to show that it is a best response to a player that always reports high
costs to always report the true costs. Reporting the true costs when having high
costs follows again by the fact that reporting low costs is dominated in this case. It
remains to check that conditional on the other player always reporting c̄ it is optimal
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to report low costs when having low costs, i.e. that:
q(0, c̄)t(0, c̄) ≥ q(0, 0)t(0, 0) ⇔ v − c̄ ≥ 0,
which is true. It turns out that these are the only pure strategy Bayes Nash equilibria
of this mechanism. Since reporting low costs when actually having high costs is a
dominated action there is no equilibrium in which this occurs. It remains to check
for all equilibria left after eliminating this possibility. Always reporting the actual
valuations is not an equilibrium by direct implication of Theorem 2. All players
always reporting high is not an equilibrium since always reporting high costs is not
a best response to always reporting high costs. Therefore, the only pure strategy
equilibrium that remains is the asymmetric one calculated above, which is the desired
result.

C

Proof of Theorem 4

Proof. Since all strategies where si (c̄) = 0 are dominated the players mix between
st and sl . Looking for symmetric mixed strategy equilibria the probability that
a player plays strategy st is denoted by ρ. In a mixed strategy equilibrium ρ is
chosen so that each player is indifferent between his pure strategies. Since both
strategies prescribe the same action for the high cost types the high cost types are
automatically indifferent between the two strategies. Therefore it remains to check
indifference for the low cost types.
Assuming that player 1 mixes and c2 = 0 the value for ρ that guarantees a
symmetric mixed strategy equilibrium can be found by making player 2 indifferent
between st and sl . Player 1 announces costs of 0 if he plays strategy st and c1 = 0.
This happens with probability ρ · (1 − p). If player 2 plays strategy st the reform is
always implemented and player 2 gets an expected transfer of ρ(1 − p)0.5v + (1 −
ρ(1 − p))(v − c̄). If player 2 plays strategy sl the reform is only implemented if player
1 announces costs of 0. In this case the expected transfer to the low cost player 2 is
given by: ρ(1 − p)c̄. Player 2 is indifferent if:
ρ(1 − p)0.5v + (1 − ρ(1 − p))(v − c̄) = ρ(1 − p)c̄ ⇔ ρ =
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c̄
2
(1 − )
1−p
v

If both players incur a cost from lying, i.e. playing sl the equation becomes:
ρ(1 − p)0.5v + (1 − ρ(1 − p))(v − c̄) = ρ(1 − p)c̄ − cl
⇔
ρ=

D

2
c̄ − cl
(1 −
)
1−p
v

Subsample Analysis
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Figure 5: Fraction of participants that choose a strategy that accurately reflects
their cost in the treatment and control group. The plot is split by actual cost.
The sample is restricted to observations where all control questions were answered
correctly.
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E

Instructions

Instructions that were shown before the experiment.
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Explanation of the setting.

Explanation of the control game.
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Explanation of the treatment game.
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