Robust Mechanism Design and Social Preferences∗
Felix Bierbrauer

Axel Ockenfels

Andreas Pollak

Désirée Rückert

University of Cologne

March 15, 2016

Abstract
One key nding of behavioral economics is that many people are motivated by social
concerns. However, most of the robust mechanism design literature focuses on beliefs, and
takes selsh preferences for granted. We study two classic challenges in mechanism design 
bilateral trade à la Myerson and Satterthwaite (1983) and redistributive income taxation à la
Mirrlees (1971) and Piketty (1993)  to show that some standard mechanism design solutions
systematically fail with social preferences, while others are robust. We thus introduce the
notion of a social-preference-robust mechanism which works not only for selsh but also for
social preferences of dierent nature and intensity, and characterize the optimal mechanism
in this class. We compare the performance of the optimal mechanisms for selsh agents
and the optimal social-preference-robust mechanisms with the help of a series of laboratory
experiments and nd that behavior can indeed be better controlled with social-preferencerobust mechanisms.
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1 Introduction
Inspired by Wilson (1987), Bergemann and Morris (2005) have provided a formalization of
mechanisms that are robust in the sense that they do not rely on a common prior distribution
of material payos.

We add another dimension in which we seek robustness.

A mechanism

that works well under selsh preferences might fail under social preferences. Indeed, behavioral
economics has shown that many agents behave socially. One challenge is, though, that social
preferences can dier with respect to their nature and intensity, leading to dierent kinds of
social preference models, including altruism, inequity-aversion, and intentionality (Cooper and
Kagel (2013)). Because we want a mechanism to work not only for selsh preferences but also for
a large set of social preferences, we introduce the notion of social-preference-robust mechanism: a
mechanism must not depend on specic assumptions about the nature and intensity of selsh and
social preferences. The following quote of Wilson (1987), which can also be found in Bergemann
and Morris (2005), suggests that our approach is a natural next step:

"Game theory has a great advantage in explicitly analyzing the consequences of trading rules that presumably are really common knowledge; it is decient to the extent
it assumes other features to be common knowledge, such as one player's probability
assessment about another's preferences or information (Emphasis added). I foresee the progress of game theory as depending on successive reductions in the base of
common knowledge required to conduct useful analyses of practical problems. Only by
repeated weakening of common knowledge assumptions will the theory approximate
reality."
While Bergemann and Morris (2005) have focused on common knowledge assumptions regarding
the information structure, we seek robustness with respect to common knowledge assumptions
on the content of preferences.
In this paper, we show theoretically that optimal mechanisms that are derived under the assumption of selsh preferences may not generate the intended behavior if individuals have social
preferences. Second, and most importantly, we introduce the notion of a social-preference-robust
mechanism and derive mechanisms that are optimal in this class. Finally, we use laboratory experiments to demonstrate that social preferences are a non-negligible factor in our context, and
to compare the performance of the optimal mechanisms under selsh preferences and the optimal
social-preference-robust mechanisms.
For the applications studied in this paper, the notion of robustness due to Bergemann and
Morris is equivalent to the requirement that a mechanism has a dominant strategy equilibrium.

1

Depending on the application, this may signicantly restrict the set of implementable outcomes.

Thus, there may be the concern that adding another robustness-requirement will restrict the
set of admissible mechanisms even further and is therefore problematic. In our view, comparing
mechanisms that, according to theory, sacrice performance for a more robust solution con-
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For instance, Hagerty and Rogerson (1987) study the bilateral trade-problem due to Myerson and Satterth-

waite (1983) and show that, with incentive and participation constraints that are robust in the Bergemann and
Morris (2005)-sense, the set of admissible mechanisms is restricted. For other applications, this is not a restriction at all. For a problem of redistributive income taxation, Bierbrauer (2011) shows that there is an optimal
mechanism with a dominant strategy equilibrium.

1

cept to mechanisms that, according to theory, sacrice robustness in return for performance, is
ultimately an empirical question. Our laboratory experiments are rst steps in this direction.
Throughout, we use two classic applications of mechanism design theory, a version of the
bilateral-trade problem due to Myerson and Satterthwaite (1983) and versions of the optimal
income tax problem due to Mirrlees (1971) and Piketty (1993) to illustrate our theoretical analysis. For our analysis of the bilateral trade problem, we focus on mechanisms that maximize the

2 Prot-maximizing mechanisms yield an asymmetric distribution

expected prots of the seller.

of the gains from trade between the buyer and the seller, and may therefore be particularly
susceptible to provoke deviations from the intended behavior that are motivated by social
preferences. By contrast, the theory of optimal taxation focusses on welfare-maximization. One
might conjecture that, with an objective function that already incorporates social concerns,
behavior that is driven by social preferences may be less of a concern.
More specically, we use these applications to generate three important constellations: A
rst constellation in which the performance of the optimal mechanism under selsh preferences
cannot be mitigated by the existence of social preferences (Mirrleesian income taxation); a second
constellation where it is mitigated only if social preferences are suciently strong (bilateral
trade); and nally a third constellation where it is already mitigated when social preferences
play a rather minor role (income taxation á la Piketty, 1993). Our experiments conrm these
predictions.

The bilateral trade problem.

The bilateral-trade problem provides us with a simple, and

stylized setup that facilitates a clear exposition of our approach. Moreover, it admits interpretations that are of interest in public economics, environmental economics, or contract theory.
The basics are as follows: A buyer either has a high or low valuation of a good produced by a
seller. The seller either has a high or a low cost of producing the good. An economic outcome
species, for each possible combination of the buyer's valuation and the seller's cost, the quantity to be exchanged, the price paid by the buyer and the revenue received by the seller. Both
the buyer and the seller have private information. Thus, an allocation mechanism has to ensure
that the buyer does not understate his valuation so as to get a desired quantity at a lower price.
Analogously, the seller has to be incentivized so that she does not exaggerate her cost in order
to receive a larger compensation.
The essence of the bilateral trade problem is that there are two parties and that each party has
private information on its benets (or costs) from a transaction with the other party. Hence, the
labels buyer and seller need not to be taken literally. This environment can be reinterpreted as
a problem of voluntary public-goods provision in which one party benets from larger provision
levels, relative to some status quo outcome, and the other party is harmed. By how much the rst
party benets and the second party loses is private information. The allocation problem then
is to determine the public-goods provision level and how the provision costs should be divided
between the two parties. It can also be reinterpreted as a problem to control externalities. One

2

We do not impose ex post budget balance.

Instead, the budget constraint stipulates that the expected

revenues of the seller must not be less than the expected payments of the buyer. Moreover, the traded quantity
is continuously adjustable and not an element of

{0, 1}.

restricted as in Hagerty and Rogerson (1987).

2

Therefore the set of admissible mechanism is not as

party can invest so as to avoid emissions which harm the other party. The cost of the investment
to one party and the benet of reduced emissions to the other party are private information. In
a principal-agent-framework, we may think of one party as beneting from eort that is exerted
by the other party. The size of the benet and the disutility of eort are, respectively, private
information of the principal and the agent.
Our analysis proceeds as follows:

We rst characterize an optimal direct mechanism for

the bilateral trade problem under the standard assumption of selsh preferences, i.e.

both,

the buyer and the seller, are assumed to maximize their own payo, respectively, and this is
common knowledge. We solve for the mechanism that maximizes the seller's expected prots
subject to incentive constraints, participation constraints, and a resource constraint. We work
with

ex post

incentive and participation constraints, i.e. we insist that after the outcome of the

mechanism and the other party's private information have become known, no party regrets to
have participated and to have revealed its own information.
As has been shown by Bergemann and Morris (2005), ex post contraints imply that a mechanism is robust in the sense that its outcome does not depend on the individual's probabilistic
beliefs about the other party's private information. Moreover, we use the arguments in Bergemann and Morris (2005) for our experimental testing strategy. In their characterization of robust
mechanisms

complete information environments

play a key role. In such an environment, the

buyer knows the seller's cost and the seller knows the buyer's valuation, and, moreover, this is
commonly known among them. The mechanism designer, however, lacks this information and
therefore still has to provide incentives for a revelation of privately held information.

Berge-

mann and Morris provide conditions so that the requirement of robustness is equivalent to the
requirement that a mechanism generates the intended outcome in every complete information
environment, which in turn is equivalent to the requirement that incentive and participation
constraints hold in an

ex post

sense.

3

In our laboratory approach, we investigate the performance of an optimally designed robust
mechanism in all complete information environments.

This approach is useful because it al-

lows us to isolate the role of social preferences in a highly controlled setting, which eliminates
complications that are related to decision-making under uncertainty.

For instance, it is well-

known that, even in one-person decision tasks, people often do not maximize expected utility
(see Camerer (1995)), and that moreover, in social contexts, social and risk preferences may
interact in non-trivial ways (see, e.g., Bolton and Ockenfels (2010), and the references therein).

4

The complete information environments in our study avoid such complicating factors.

For the bilateral trade problem, the mechanism which maximizes the seller's expected prots
under selsh preferences has the following properties: (i) The trading surplus is allocated in

3

Throughout we focus on social choice functions, as opposed to social choice correspondences. Consequently,

by Corollary 1 in Bergemann and Morris (2005),
robust implementability.

ex post

implementability is both necessary and sucient for

Moreover, if agents are selsh, then our environment gives rise to private values so

that incentive compatibility in an

ex post

sense is equivalent to the requirement that truth-telling is a dominant

strategy under a direct mechanism for the given social choice function.

4

Thus, for our experimental testing strategy, we take for granted the equivalence between implementability

in all complete information environments and implementability in all incomplete information environments. We
explicitly investigate the former and draw conclusions for the latter. We also take for granted the validity of the
revelation principle. That is, we only check whether individuals behave truthfully under a direct mechanism for
a given social choice function. We discuss the advantages and limits of this approach in our concluding section.

3

an asymmetric way, i.e.

the seller gets a larger fraction than the buyer; (ii) Whenever the

buyer's valuation is low, his participation constraint binds, so that he does not realize any gains
from trade; (iii) Whenever the buyer's valuation is high, his incentive constraint binds, so that
he is indierent between revealing his valuation and understating it. Experimentally, we nd
that under this mechanism, a non-negligible fraction of high valuation buyers understates their
valuation.

In all other situations, deviations  if they occur at all  are signicantly less

frequent.
We argue that this pattern is consistent with models of social preferences such as Fehr and
Schmidt (1999), and Falk and Fischbacher (2006), among others. The basic idea is the following.
A buyer with a high valuation can understate his valuation at a very small personal cost since the
relevant incentive constraint binds. The benet of this strategy is that this reduces the seller's
payo and therefore brings the seller's payo closer to his own, thereby reducing inequality. In
fact, as we will demonstrate later, many social preference models would predict this behavior.
We then introduce a class of direct mechanisms that work if the possibility of social preferences is acknowledged.

Specically, we introduce the notion of a direct mechanism that is

externality-free. Under such a mechanism, the buyer's equilibrium payo does not depend on
the seller's type and vice versa; i.e. if, say, the buyer reveals his valuation, his payo no longer
depends on whether the seller communicates a high or a low cost to the mechanism designer.
Hence, the seller cannot inuence the buyer's payo.
Almost all widely-used models of social preferences satisfy a property of selshness in the
absence of externalities, i.e.

if a player considers a choice between two actions

a

and

b,

and

moreover, if the monetary payos of everybody else are unaected by this choice, then the
player will choose

a over b if her own payo under a is higher than her own payo under b.

suppose that a direct mechanism is

ex post

incentive-compatible and externality-free.

Now,
Then

truth-telling will be an equilibrium for any social preference model in which individuals are
selsh in the absence of externalities.
We impose externality-freeness as an additional constraint on our problem of robust mechanism design.

We then characterize the optimal robust and externality-free mechanism and

investigate its performance in an experiment. We nd that there are no longer deviations from
truth-telling. We interpret this nding as providing evidence for the relevance of social preferences in mechanism design: If there are externalities a signicant fraction of individuals deviates
from truth-telling. If those externalities are shut down, individuals behave truthfully.
Externality-freeness is an additional constraint. While it makes sure that individuals behave
in a predictable way it reduces expected prots relative to the theoretical benchmark of a model
with selsh preferences. This raises the question whether the seller makes more money if she
uses an externality-free mechanism.

We answer this both theoretically and empirically: The

externality-free mechanism makes more money if the number of participants whose behavior is
motivated by social preferences exceeds a threshold.

In our laboratory context, this number

was below the threshold, so that the conventional mechanism made more money than the
externality-free mechanism.
Based on these observations, we nally engineer a mechanism that satises the property of
externality-freeness only locally.

Specically, we impose externality-freeness for those action-

4

proles where deviations from selsh behavior were frequently observed in our experiment data.
We show theoretically that local externality-freeness is a constraint that can be satised without
having to sacrice performance: If all agents are selsh then there is an optimal mechanism that
is locally externality-free. In our experiment data, however, an optimal mechanism that is locally
externality-free performs signicantly better than an optimal mechanism that is not externalityfree. Hence, if one knows precisely which deviations from selsh behavior are tempting, one can
design a mechanism that performs strictly better than both the optimal mechanism for selsh
agents and the optimal globally externality-free mechanism.

Income Taxation.

The bilateral trade setup is one in which externalities are at the center of

the allocation problem: More consumption for the buyer can be realized only with higher costs
for the seller, and additional revenue for the seller can only be realized if the buyer pays more.
Hence, it seems natural that the buyer's behavior will aect the seller's payo and vice versa. A
requirement of externality-freeness which shuts down this interdependence may therefore appear
demanding. In settings dierent from the bilateral trade problem, externality-freeness may arise
naturally. For example, price-taking behavior in markets with a large number of participants
gives rise to externality-freeness. If a single individual changes her demand, this leaves prices
unaected and so remain the options available to all other agents.

5 Another setting in which

externality-freeness may appear natural is the design of tax systems. Here, externality-freeness
requires that income taxes paid by one individual depend only on this individual's income, and
not on the income earned by other individuals. Thus, when formalizing the modern approach to
optimal income taxation, Mirrlees (1971) and his followers have looked exclusively at externalityfree allocations.
However, as has been shown by Piketty (1993), for an economy with nitely many individuals
and a commonly known cross-section distribution of types, an optimal Mirrleesian income tax
system can be outperformed by one that is

not

externality-free. Specically, Piketty shows that

rst-best utilitarian redistribution from high-skilled individuals to low-skilled individuals can
be reached, while this is impossible with a Mirrleesian approach. A crucial feature of Piketty's
approach is that types are assumed to be correlated in a particular way. For instance, if there are
two individuals and it is commonly known that one of them is high-skilled and one is low-skilled,
then the individuals' types are perfectly negatively correlated: If person 1 is of high ability, then
person 2 is of low ability and vice versa. Piketty's construction of a mechanism that reaches the
rst-best utilitarian outcome heavily exploits this feature of the environment.

6

Piketty's analysis resembles the possibility results by Crémer and McLean (1985, 1988) in

7 Crémer and McLean have shown that, with correlated values and selsh agents,

auction theory.

there exist Bayes-Nash equilibria that achieve rst-best outcomes.

These ndings have then

been generalized to other types of allocation problems, see e.g., Kosenok and Severinov (2008).

5
6

Market behavior is therefore unaected by social preferences, see Dufwenberg et al. (2011).
If individual types are the realizations of independent random variables, then the optimal mechanism is

externality-free, see Bierbrauer (2011).

7

There are also some important dierences though. Piketty uses the solution concept of a dominant strategy

equilibrium which implies that his approach is robust in the sense of Bergemann and Morris (2005). The approach
of Crémer and McLean is based on the solution concept of a Bayes-Nash equilibrium and strongly depends on
specic properties of a common prior. It is therefore not robust in the sense of Bergemann and Morris (2005).

5

Importantly, the mechanisms that achieve rst-best outcomes in the presence of correlated types
give rise to payo interdependencies or externalities among the players. Therefore, they raise
the question whether social preferences might interfere with the possibility to achieve rst-best
outcomes. Piketty's treatment of the income tax problem is an example that allows us to get at
this more general question in a particular context.
We run an experiment and show that Piketty's mechanism indeed provokes deviations from
the intended behavior, and again, we argue that these deviations can be explained by models of
social preferences. We then compare Piketty's mechanism to an optimal Mirrleesian mechanism.
The latter is externality-free and we nd that it successfully controls behavior; there are no longer
signicant deviations from truth-telling. We also nd that the level of welfare that is generated by
the Mirrleesian mechanism is signicantly larger than the level of welfare generated by Piketty's
mechanism. This last observation makes an interesting dierence to our ndings for the bilateral
trade problem. With the income tax problem, imposing externality-freeness is also good for the
performance of the mechanism.

The dierence is not due to dierent social preferences, but

reects the fact that the externally-free mechanism is preferable only if the number of socially
motivated agents exceeds a threshold.

This threshold is much larger for the bilateral trade

problem (and too large for what we observe in the laboratory).

Outline.

The next section discusses related literature.

In Section 3 we elaborate on why

models of social preferences are consistent with the observation that individuals deviate from
truth-telling under a mechanism that would be optimal if all individuals were selsh, and with
the observation that they do not deviate under a mechanism that is externality-free.

It also

contains a detailed description of the bilateral trade problem that we study. In addition, Section
4 describes our laboratory ndings for the bilateral trade problem, and in Section 5, we clarify the conditions under which an optimal externality-free mechanism outperforms an optimal
mechanism for selsh agents and relate them to our experiment data.

Section 6 looks at an

engineering approach that does impose externality-freeness only locally. Section 7 contains our
analysis of the income tax problem. The last section concludes.

2 Related literature
There is a rich literature on models of social preferences. Within this literature there are dierent
subcategories, such as, for instance, the distinction between outcomes-based and intention-based
models of social preferences. Well-known models of outcomes-based social preferences are Fehr
and Schmidt (1999) and Bolton and Ockenfels (2000). Models of intention-based social preferences include Rabin (1993) and Falk and Fischbacher (2006).
into a model of robust mechanism design.

8

8 We introduce social preferences

This complements the analysis of Bergemann and

There is a large literature on mechanism design with interdependent valuations, see e.g. the survey in Jehiel

and Moldovanu (2006). In principle, models of outcomes-based social preferences can be viewed as specic models
with interdependent valuations. By contrast, models with intention-based social preferences cannot be viewed as
models with interdependent valuations. In these models, preferences are menu-dependent, see Sobel (2005) for a
discussion. Such a menu dependence does not arise in the literature on mechanism design with interdependent
valuations.

6

Morris (2005) who were seeking robustness with respect to the specication of the individuals'

9

probabilistic beliefs.

For the purpose of illustration, we focus on two classic applications of mechanism design,
the bilateral trade problem and the problem of redistributive income taxation.

Myerson and

Satterthwaite (1983) establish an impossibility result for ecient trade in a setting with two
privately informed parties.

10 Our focus is dierent. We look at a second-best mechanism for

this problem and ask how its performance is aected by social preferences. The classical reference
for redistributive income taxation is Mirrlees (1971). We relate the Mirrleesian treatment to an
alternative one that has been proposed by Piketty (1993).

11

There is a large experimental economics literature testing mechanisms. Most laboratory studies deal with mechanisms to overcome free-riding in public goods environments (Chen (2008)),
auction design (e.g., Ariely et al. (2005), Kagel et al. (2010)), and the eectiveness of various
matching markets (e.g., Kagel and Roth (2000), Chen and Sönmez (2006)). Roth (2012) provides a survey. Some studies take into account social preferences when engineering mechanisms.
For instance, it has been shown that feedback about others' behavior or outcomes, which would
be irrelevant if agents were selsh, can strongly aect social comparison processes and reciprocal
interaction, and thus the eectiveness of mechanisms to promote eciency and resolve conicts
(e.g., Chen et al. (2010), Bolton et al. (2013), Ockenfels et al. (2014); Bolton and Ockenfels
(2012) provide a survey).

Social preferences are also important in bilateral bargaining with

complete information, most notably in ultimatum bargaining (Güth et al. (1982); Güth and
Kocher (2013) provide a survey). In fact, this literature has been a starting point for various
social preference models that we are considering in this paper  yet the observed patterns of
behavior have generally not been related to the mechanism design literature.

This is dier-

ent with laboratory studies of bilateral trade with incomplete information, such as Radner and
Schotter (1989), Valley et al. (2002) and Kittsteiner et al. (2012).

One major nding in this

literature is, for instance, that cheap talk communication among bargainers can signicantly
improve eciency. These ndings are generally not related to social preference models, though.
Our work builds on earlier contributions by Bierbrauer and Netzer (2012) and Bartling and
Netzer (2014).
models.

These papers do not seek robustness within a large class of social preference

They focus on specic models of social preferences and trace out their implications

for Bayesian mechanism design. With their approach, externality-freeness is not a substantive
constraint. Bierbrauer and Netzer (2012) provide conditions under which the class of optimal
mechanisms for selsh agents contains one that is externality-free. Our analysis, by contrast,
gives rise to a trade-o between externality-freeness on the one hand and performance on the
assumption that everyone is selsh on the other hand.

9

Other contributions to the literature on robust mechanism design include Ledyard (1978), Gershkov et al.

(2013) and Börgers (2015).

10

Related impossibility results hold for problems of public-goods provision, see Güth and Hellwig (1986) and

Mailath and Postlewaite (1990).

11

The mechanism design approach to the problem of optimal income taxation is also discussed in Hammond

(1979), Stiglitz (1982), Dierker and Haller (1990), Guesnerie (1995), and Bierbrauer (2011).

7

3 Mechanism design with and without social preferences
This section contains theoretical results which relate mechanism design theory to models of social preferences.

Throughout, we use the bilateral trade problem to illustrate the conceptual

questions that arise.

We begin with the benchmark of optimal mechanism design under the

assumption that individuals are purely selsh. We then show that many models of social preferences give rise to the prediction that such mechanisms will not generate truthful behavior.
However, while maximizing expected payos is a well-dened goal, there are many ways to be
socially motivated.

In fact, one of the most robust insights from behavioral economics and

psychology is the large variance of social behaviors across individuals (e.g., Camerer (2003)).
As a result, there is now a plethora of social preference models, and almost all models permit
individual heterogeneity by allowing dierent parameter values for dierent individuals (e.g.,
Cooper and Kagel (2013)). This poses a problem for mechanism design, because optimal mechanisms depend on the nature of the agents' preferences. Our approach to deal with this problem
is neither to just select one of those models, nor are we even attempting to identify the best
model. We will also not assume that idiosyncratic social preferences are commonly known. All
these approaches would violate the spirit of robust mechanism design and the Wilson doctrine.
Rather, we restrict our attention to a property of social preferences which is shared by almost
all widely-used social preference models and which is independent of the exact parameter values:
individuals maximize their own payos, regardless of their social preferences, if there is no possibility to aect the payos of others. As we will show, this general property of social behavior is
sucient to construct externality-free mechanisms which generate truthful behavior, regardless
of what is known about the specic type and parameters of the agents' social preferences.

3.1 The bilateral trade problem
There are two agents, referred to as the buyer and the seller. An economic outcome is a triple

(q, ps , pb ),
and

where

ps ∈ R

buyer and

q ∈ R+

is the quantity that is traded,

is a payment received by the seller.

πs = −θs k(q) + ps ,

The buyer's valuation
seller's cost parameter

(θb , θs ) ∈ Θb × Θs
mechanism

θb
θs

for the seller where

pb ∈ R

is a payment made by the buyer,

Monetary payos are

k

π b = θb q − p b ,

for the

is an increasing and convex cost function.

either takes a high or a low value,

θb ∈ Θb = {θb , θ̄b }.

can take a high or a low value so that

Similarly, the

θs ∈ Θs = {θs , θ̄s }.

A pair

is referred to as a state of the economy. A social choice function or direct

f : Θb × Θs → R+ × R × R

economy. Occasionally, we write

f=

species an economic outcome for each state of the

(q f , pfb , pfs ) to distinguish the dierent components of

f .12

We denote by

πb (θb , f (θb0 , θs0 )) := θb q f (θb0 , θs0 ) − pfb (θb0 , θs0 )
the payo that is realized by a buyer with type

0
announces a type θs under direct mechanism
12

θb

if he announces a type

θb0

and the seller

f . The expression πs (θs , f (θb0 , θs0 )) is dened anal-

Our setting diers from the one originally studied by Myerson and Satterthwaite (1983) in that we have a

convex cost function for the seller and allow for quantities in
is linear and quantities are in

[0, 1].

8

R.

In the original paper, the seller's cost function

ogously.
We assume that the buyer has private information on whether his valuation
low. Analogously, the seller privately observes whether

θs

θb

is high or

takes a high or a low value. Hence,

a direct mechanism induces a game of incomplete information.

Our analysis in the following

focuses on a very specic and articial class of incomplete information environments, namely the
ones in which the types are commonly known among the players but unknown to the mechanism
designer. In total there are four such complete information environments, one for each state of the
economy.

13 It has been shown by Bergemann and Morris (2005) that the implementability of a

social choice function in all such complete information environments is not only necessary but also
sucient for the robust implementability of a social choice function, i.e. for its implementability
in all conceivable incomplete information environments. Thus, our focus on complete information
environments is not only useful to cleanly isolate the eect of social preferences, but also justied
by the robustness criterion.
Suppose that individuals are only interested in their own payo. Then truth-telling is an
equilibrium in all complete information environments if and only if the following
compatibility constraints are satised: For all

ex post incentive

(θb , θs ) ∈ Θb × Θs ,

πb (θb , f (θb , θs )) ≥ πb (θb , f (θb0 , θs ))

for all

θb0 ∈ Θb ,

(1)

πs (θs , f (θb , θs )) ≥ πs (θs , f (θb , θs0 ))

for all

θs0 ∈ Θs .

(2)

and

Moreover, individuals prefer to play the mechanism over a status quo outcome with no trade if
and only if the following

ex post

πb (θb , f (θb , θs )) ≥ π̄b
where

π̄b

and

π̄s

participation constraints are satised: For all

and

πs (θs , f (θb , θs )) ≥ π̄s ,

(θb , θs ) ∈ Θb × Θs ,
(3)

are, respectively, the buyer's and the seller's payos in the absence of trade.

In the body of the text, we limit attention to direct mechanisms and to truth-telling equilibria.
For models with selsh individuals, or more generally, for models with outcome-based preferences
 which possibly include a concern for an equitable distribution of payos  this is without loss
of generality by the revelation principle.

For models with intention-based social preferences,

such as Rabin (1993) or Dufwenberg and Kirchsteiger (2004), the revelation principle does not
generally hold, see Bierbrauer and Netzer (2016) for a proof. Still, it is a sucient condition for
the implementability of a social choice function that it can be implemented as the truth-telling
equilibrium of a direct mechanism. We focus on this sucient condition, and note that it is also
necessary if preferences are outcome-based.
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Another property of interest to us is the externality-freeness of a social choice function

13

f.

Complete information refers to a situation in which the players' monetary payos are commonly known.

Information may still be incomplete in other dimensions, e.g., regarding the weight of fairness considerations in
the other player's utility function.
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In part B of the Appendix we derive necessary conditions for an intention-based model. There we have to

allow for arbitrary non-direct mechanisms.

9

This property holds if, for all

θb ∈ Θb ,

πb (θb , f (θb , θs )) = πb (θb , f (θb , θ̄s )),
and if, for all

θs ∈ Θs ,

πs (θs , f (θb , θs )) = πs (θs , f (θ̄b , θs )).
If these properties hold, then the buyer, say, cannot inuence the seller's payo, provided that
the latter tells the truth.
seller.

I.e.

the buyer's report does not come with an externality on the

As we will argue later in more detail, many models of social preferences give rise to

the prediction that externality-freeness in conjunction with

ex post

incentive compatibility is a

sucient condition for the implementability of a social choice function.

3.2 Optimal mechanism design under selsh preferences
A mechanism designer wishes to come up with a mechanism for bilateral trade. Design takes
place at the

ex ante

stage, i.e.

before the state of the economy is realized.

acts in the interest of one of the parties, here the seller.

The designer

The designer does not know what

information the buyer and the seller have about each other at the moment where trade takes
place. Hence, he seeks robustness with respect to the information structure and employs

ex post

incentive and participation constraints. The designer assumes that individuals are selsh so that
these constraints are sucient to ensure that individuals are willing to play the corresponding
direct mechanism and to reveal their types.

Finally, he requires budget balance only in an

average sense. (Possibly, the mechanism is executed frequently, so that the designer expects to
break even if budget balance holds on average.) The exibility provided by the requirement of
expected budget balance is important for some of the results that follow. With a requirement
of

ex post

budget balance there would be less scope for adjusting the traded quantities and the
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corresponding payments to the privately held information of the buyer and the seller.
Formally, we assume that a social choice function
expected seller prots,

P

Θb ×Θs

f

is chosen with the objective to maximize

g(θb , θs )πs (θ, f (θb , θs )) ,

where

g

is a probability mass function

that gives the mechanism designer's subjective beliefs on the likelihood of the dierent states of
the economy. The incentive and participation constraints in (1), (2) and (3) have to be respected.
In addition, the following resource constraint has to hold

X

g(θb , θs )pfb (θb , θs ) ≥

Θb ×Θs
To solve this

X

g(θb , θs )pfs (θb , θs ) .

(4)

Θb ×Θs

full problem, we rst study a relaxed problem which leaves out the incentive and

participation constraints for the seller. Proposition 1 characterizes its solution. This solution to
the relaxed problem is also a solution to the full problem if it satises all constraints of the full

15

We do not wish to argue that the requirement of expected budget balance is, for practical purposes, more

relevant than the requirement of

ex post

budget balance. This will depend on the application. The mechanisms

that we study in this paper are primarily meant as diagnostic tools for the relevance of social preferences in
mechanism design. In this respect, the requirement of expected budget balance proved useful.
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problem, as is the case for Example 1 below.

Proposition 1. A social choice function f solves the relaxed problem of robust mechanism design
if and only if it has the following properties:

(a) For any one θs ∈ Θs , the participation constraint of a low type buyer is binding:
πb (θb , f (θb , θs )) = π̄b .

(b) For any one θs ∈ Θs , the incentive constraint of a high type buyer is binding:
πb (θb , f (θb , θs )) = πb (θb , f (θb , θs )) .

(c) The trading rule is such that, for any one θs ∈ Θs , there is a downward distortion at the
bottom


g(θb , θs )
f
q (θb , θs ) ∈ argmaxq θb −
(θb − θb ) q − θs k(q) ,
g(θb , θs )

and no distortion at the top
q f (θb , θs )

∈

argmaxq θb q − θs k(q) .

(d) The payment rule for the buyer is such that, for any one θs ,
pfb (θb , θs ) = θb q f (θb , θs ) ,

and
pfb (θb , θs ) = θb q f (θb , θs ) − (θb − θb )q f (θb , θs ) .

(e) The revenue for the seller is such that
X

g(θb , θs )pfb (θb , θs ) =

X

g(θb , θs )pfs (θb , θs ) .

Θb ×Θs

Θb ×Θs

A formal proof of Proposition 1 is in part B of the Appendix. Here, we provide a sketch of
the main argument: Since we leave out the seller's incentive constraint, we can treat the seller's
cost parameter as a known quantity. Hence, we think of the relaxed problem as consisting of
two separate prot-maximization problems, one for a high-cost seller and one for a low-cost
seller, which are linked only via the resource constraint. In each of these problems, however,
the buyer's incentive and participation constraints remain relevant.

Therefore, we have two

prot-maximization problems. The formal structure of any one of those problems is the same as
the structure of a non-linear pricing problem with two buyer types. This problem is well-known
so that standard arguments can be used to derive properties

(a)-(e)

above.

16

The solution to the relaxed problem leaves degrees of freedom for the specication of the payments to the seller. Consequently, any specication of the seller's revenues, so that the expected

16

A classical reference is Mussa and Rosen (1978), see Bolton and Dewatripont (2005) for a textbook treatment.
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revenue is equal to the buyer's expected payment, is part of a solution to the relaxed problem.
If there is one such specication that satises the seller's

ex post

incentive and participation

constraints, then this solution to the relaxed problem is also a solution to the full problem. In
the following we provide a specic example in which these payments are specied in such a way
that they satisfy not only these constraints, but also give rise to
every state

(θb , θs ),

ex post

budget balance, i.e. in

the price paid by the buyer equals the revenue obtained by the seller,

pfb (θb , θs ) = pfs (θb , θs ) .

(5)

Example 1: An optimal robust social choice function.

Suppose that

θb = 1.00, θb =

1.30, θs = 0.20,
k(q) =

and θ s = 0.65. Also assume that the seller has a quadratic cost function
1 2
2 q . Finally, assume that the reservation utility levels of both the buyer and the seller

are given by

π̄b = π̄s = 2.68.

For these parameters, an optimal robust social choice function

f

looks as follows: The traded quantities are given by

q f (θb , θs ) = 3.50, q f (θb , θ̄s ) = 1.08, q f (θ̄b , θs ) = 6.50

and

q f (θ̄b , θ̄s ) = 2.00 .

and

pfb (θ̄b , θ̄s ) = 2.28 .

and

pfs (θ̄b , θ̄s ) = 2.28 .

The buyer's payments are

pfb (θb , θs ) = 3.50, pfb (θb , θ̄s ) = 1.08, pfb (θ̄b , θs ) = 7.40
Finally, the seller's revenues are

pfs (θb , θs ) = 3.50, pfs (θb , θ̄s ) = 1.08, pfs (θ̄b , θs ) = 7.40
By construction,

f

is

ex post

incentive compatible and satises the

ex post

participation con-

straints. However, it is not externality-free. These properties can be veried by looking at the
games which are induced by this social choice function on the various complete information environments. For instance, the following matrix represents the normal form game that is induced
by

f

in a complete information environment so that the buyer has a low valuation and the seller

has a low cost.

17

Table 1: The game induced by

f

for

(θb , θs ) = (θb , θs ).

(πbf , πsf )

θs

θs

θb

(2.68, 5.52)

(2.68, 3.88)

θb

(1.56, 6.65)

(2.33, 5.03)

The rst entry in each cell is the buyer's payo, the second entry in the cell is the seller's payo. If both
individuals truthfully reveal their types, the payos in the upper left corner are realized. Note that under
truth-telling both payos are weakly larger than the reservation utility of 2.68 so that the relevant

17

More precisely, this and the following normal form games are generated by an approximation

fx

of

f

ex post
which

is such that, whenever an incentive constraint is binding under f , a deviation from truth-telling has a small cost
x
x
x
of two cents under f . Our laboratory experiments used f rather than f . Thus, under f it is less tempting to
deviate from truth-telling and we can be more condent that the deviations from truth-telling that we observe
reect social preferences, as opposed to an arbitrary selection from a set of best responses.
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participation constraints are satised.

Also note that the seller does not benet from an exaggeration

of her cost, if the buyer communicates his low valuation truthfully. Likewise, the buyer does not benet
from an exaggeration of his willingness to pay, given that the seller communicates her low cost truthfully.
Hence, the relevant

ex post

incentive constraints are satised.

Finally, note that externality-freeness is

violated: If the seller behaves truthfully, her payo is higher if the buyer communicates a high willingness
to pay.

For later reference, we also describe the normal form games that are induced in the remaining
complete information environments.
Table 2: The game induced by

f

for

(θb , θs ) = (θb , θs ).

(πb , πs )

θs

θs

θb

(2.68, 2.08)

(2.68, 3.56)

θb

(1.56, −5.23)

(2.33, 3.90)

Table 3: The game induced by

f

for

(θb , θs ) = (θb , θs ).

(πb , πs )

θs

θs

θb

(3.97, 5.52)

(3.06, 3.88)

θb

(3.99, 6.65)

(3.08, 5.03)

Table 4: The game induced by

f

for

(θb , θs ) = (θb , θs ).

(πb , πs )

θs

θs

θb

(3.97, 2.08)

(3.06, 3.56)

θb

(3.99, −5.23)

(3.08, 3.90)

An inspection of Tables 1 trough 4 reveals the following properties of

f:

(i) Under truth-telling

the seller's payo exceeds the buyer's payo in all states of the economy, (ii) if the buyer's type
is low (Tables 1 and 2), then his payo under truth-telling is equal to his reservation utility level
of 2.68, i.e. the participation constraint of a low type buyer binds, (iii) if the buyer's type is high
(Tables 3 and 4), then the buyer's incentive constraint is binding in the sense that understating
comes at a very small personal cost (the payo drops from 3.99 to of 3.97).

3.3 An observation on models of social preferences
We now show that the social choice function in Proposition 1 is not robust in the following sense:
It provokes deviations from truth-telling if individuals are motivated by social preferences. To
formalize a possibility of social preferences, we assume that any one individual
a utility function

has

which depends in a parametric way on the individual's true

ri , the
b
individual's (rst order) belief about the other player's report, ri , and the individuals' (second
bb
order) belief about the other player's rst-order belief, ri . Dierent models of social preferences
type

θi

Ui (θi , ri , rib , ribb )

i ∈ {b, s}

and, in addition, on the following three arguments: the individual's own report

make dierent assumptions about these utility functions.
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Intention-based social preferences.

Second-order beliefs play a role in models with intention-

based social preferences such as Rabin (1993), Dufwenberg and Kirchsteiger (2004) or Falk and
Fischbacher (2006). In these models, the utility function takes the following form

Ui (θi , ri , rib , ribb ) = πi (θi , f (ri , rib )) + yi κi (ri , rib , ribb ) κj (rib , ribb ) .

(6)

The interpretation is that the players' interaction gives rise to sensations of kindness or un-

yi κi (ri , rib , ribb ) κj (rib , ribb ).

kindness, as captured by

parameter, interpreted as the weight that agent

κi (ri , rib , ribb ) is a measure of how kindly

i

i

In this expression,

yi ≥ 0

is an exogenous

places on kindness considerations. The term

intends to treat the other agent

j.

While the models

of Rabin (1993), Dufwenberg and Kirchsteiger (2004) and Falk and Fischbacher (2006) dier in
some respects, they all make the following assumption: Given

ri0 and

ri00 ,

πj (θj , f (ri0 , rib ))

kindness intended by

i

expresses kindness by increasing

according to the beliefs of

i

about the beliefs of

j

i, j

j

about

i's

j

j 's

for any two reports

≥ κi (ri00 , rib , ribb ),

i.e. the

Second-order beliefs are

payo relative to the payo that,

behavior.

κi

and which is denoted by

her utility increases, ceteris paribus, if
that

κi (ri0 , rib , ribb )

ribb ,

expects to be realizing. The latter payo depends on the beliefs

Whether or not i's utility is increasing in
intended by player

and

i is larger if her report yields a larger payo for j .

relevant here if player

of

≥

πj (θj , f (ri00 , rib )) implies that

rib

j 's

depends on i's belief about the kindness that is

κj .

If

κj > 0,

then

i

believes that

payo goes up. By contrast, if

is unkind and her utility goes up if

j

κj < 0 ,

j

is kind and

then

i

believes

is made worse o. Rabin (1993), Dufwenberg and

κj is such
0 bb
00 bb
bb
b
b
b 0 bb
that, for given second-order beliefs ri , κj (ri , ri ) ≥ κi (ri , ri ) whenever πi (θi , f (ri , ri )) ≥
00
πi (θi , f (rib , ribb )). Second-order beliefs play a role here because, in order to assess the kindness

Kirchsteiger (2004) and Falk and Fischbacher (2006) all assume that the function

that is intended by

j, i

has to form a belief about

Outcome-based social preferences.

j 's

belief about

i's

report.

In models with outcome-based social preferences such

as Fehr and Schmidt (1999), Bolton and Ockenfels (2000), or Charness and Rabin (2002) second
order beliefs play no role and individuals are assumed to care about their own payo and the
distribution of payos among the players.
utility function of individual

i

For instance, with Fehr-Schmidt-preferences, the

reads as

Ui (θi , ri , rib , ribb ) = πi (θi , f (ri , rib )) −αi max{πj (θj , f (ri , rib )) − πi (θi , f (ri , rib )), 0}
−βi max{πi (θi , f (ri , rib )) − πj (θj , f (ri , rib )), 0} ,
where it is assumed that

αi ≥ β i

and that

(7)

0 ≤ βi < 1.

Implications for the social choice function in Proposition 1.

Many models of social

preferences give rise to the prediction that a social choice function that would be optimal if
individual were selsh will trigger deviations from truth-telling.

Specically, for our bilateral

trade problem, high valuation buyers will understate their valuation. Models of outcome-based
and intention-based social preferences provide dierent explanations for this: With outcomebased social preferences, the buyer may wish to harm the seller so as to make their expected
payos more equal. The reasoning for intention-based models, such as Rabin (1993), would have

14

a dierent logic. For the game in Table 4, the buyer would argue as follows: My expected payo
would be higher if the seller deviated from truth-telling and communicated a low cost. Since
the seller does not make use of this opportunity to increase my payo, he is unkind. I therefore
wish to reciprocally reduce his expected payo.
Whatever the source of the desire to reduce the seller's payo, a high valuation buyer can
reduce the seller's payo by understating his valuation. Since the relevant incentive constraint
binds, such an understatement is costless for the buyer, i.e. he does not have to sacrice own
payo if he wishes to reduce the seller's payo.
The following observation states this more formally for the case of Fehr-Schmidt-preferences.
In Appendix A we present analogous results for other models of social preferences.

15

Observation 1. Consider a complete information types space for state (θ , θ ) and suppose that
s

b

θb = θ̄b .

Suppose that f is such that

πs (θs , f (θb , θs )) > πs (θs , f (θb , θs )) > πb (θb , f (θb , θs )) = πb (θb , f (θb , θs ))

(8)

Suppose that the seller behaves truthfully. Also suppose that the buyer has Fehr-Schmidtpreferences as in (7) with αb 6= 0. Then the buyer's best response is to understate his valuation.
The social choice function in Example 1 fullls Condition (8). Consider Tables 3 and 4. The
buyer's incentive constraint binds. Moreover, if the buyer understates his valuation, this harms
the seller. The harm is, however, limited in the sense that the seller's reduced payo still exceeds
the buyer's payo. For such a situation the Fehr-Schmidt model of social preferences predicts
that the buyer will deviate from truth-telling,

for any

pair of parameters

Put dierently, truth-telling is a best response for the buyer only if

(αb , βb ) so that αb 6= 0.

αb = 0,

i.e. only if the buyer

is selsh.

3.4 Social-preference-robust mechanisms
The models of social preferences mentioned so far dier in many respects. They are, however,
all consistent with the following assumption of

Assumption 1. Given r

selshness in the absence of externalities.

and ribb , if ri0 and ri00 are such that πj (θj , f (ri0 , rib )) = πj (θj , f (ri00 , rib ))
and πi (θi , f (ri0 , rib )) > πi (θi , f (ri00 , rib )), then Ui (θi , ri0 , rib , ribb ) ≥ Ui (θi , ri00 , rib , ribb ).
b
i

Assumption 1 holds provided that individuals prefer to choose strategies that increase their
own payo, whenever they can do so without aecting others. This does not preclude a willingness to sacrice own payo so as to either increase or reduce the payo of others.

It is a

ceteris paribus assumption: In the set of strategies that have the same implications for player

j,

player

i

weakly prefers the ones that yield a higher payo for herself. Assumption 1 has the

following implication: In situations where players do not have the possibility to aect the payos
of others, social preferences will be behaviorally irrelevant, and the players act as if they were
selsh payo maximizers.
The following observation illustrates that the utility function underlying the Fehr and Schmidt
(1999)-model of social preferences satises Assumption 1 for all possible parametrization of the
model. Appendix A.2 conrms this observation for other models of social preferences.
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Observation 2. Suppose the buyer and the seller have preferences as in (7) with parameters

and (αs , βs ), respectively. The utility functions Ub and Us satisfy Assumption 1, for all
(αb , βb ) so that αb ≥ βb and 0 ≤ βb < 1 and for all (αs , βs ) so that αs ≥ βs and 0 ≤ βs < 1.
(αb , βb )

We now dene a mechanism that is robust in the following sense: For any individual i, given
correct rst- and second-order beliefs, a truthful report maximizes

Ui ,

for all utility functions

satisfying Assumption 1.
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Assumption 1 is also satised in models of pure altruism, see Becker (1974).

All parameterized versions

that Bolton and Ockenfels (2000) propose for their model are consistent with Assumption 1, too, although we
note that it is theoretically possible to construct preferences that are consistent with their general assumptions
and may still violate Assumption 1. Such preferences would be the only possible exception that we encountered
among prominent social preference models.
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Denition 1. A direct mechanism for social choice function f is said to be social-preference-

robust if it satises the following property: On any complete information environment, given
correct rst- and second-order beliefs, truth-telling by any player i ∈ {b, s} is a best response to
truth-telling by player j 6= i, for all utility functions Ui satisfying Assumption 1.
Social-preference-robustness of a mechanism is an attractive property. It is robust against
widely varying beliefs of the mechanism designer about what is the appropriate specication
and intensity of social preferences across individuals. As long as preferences satisfy Assumption
1, we can be assured that individuals behave truthfully under such a mechanism.
The following Proposition justies our interest in externality-free mechanisms.

If we add

externality-freeness to the requirement of incentive compatibility, we arrive at a social-preferencerobust mechanism.

Proposition 2. Suppose that f is

ex post

social-preference-robust.
Proof.

incentive-compatible and externality-free. Then f is

Consider a complete information environment for types

i believes that player j acts truthfully so that rib
bb
that he acts truthfully so that ri = θi . By

= θj

ex post

maximized by choosing

0 00
any pair ri , ri

∈ Θi .

ri =

(θi , θj ).

Suppose that player

and that he believes that player
incentive compatibility,

j

believes

πi (θi , f (ri , rib ))

is

θi . By externality-freeness, πj (θj , f (ri0 , rib ))
ri = θi

Hence, by Assumption 1,

solves

maxri ∈Θi

= πj (θj , f (ri00 , rib )) for
Ui (θi , ri , rib , ribb ).


Proposition 2 asserts that externality-freeness is a sucient condition for social-preferencerobustness. This raises the question of necessary conditions. Above we said that a condition is
sucient if it ensures implementability

for all

social preference models so that individuals are

selsh in the absence of externalities. Hence, it is natural to say that a condition is necessary
for social-preference-robustness if there

exists one

relevant social preference model so that it

is necessary for implementability. Bierbrauer and Netzer (2016) show that, under an ancillary
condition, externality-freeness is indeed necessary for the implementability of a social choice
function for a version of the intention-based model of Rabin (1993) that allows for private information both on material payos and on the weights that reciprocity has in the players' overall
utility function. However, Bierbrauer and Netzer (2016) employ Bayesian incentive compatibility constraints, as opposed to ex post incentive compatibility constraints. As we show in part
B of the Appendix, this dierence is of no consequence for the validity of the conclusion that
externality-freeness is a necessary condition.

3.5 Optimal robust and externality-free mechanism design
We now add the requirement of externality-freeness to the bilateral trade problem. To characterize the solution of this problem it is instructive to begin, again, with a relaxed problem in
which only a subset of all constraints is taken into account. Specically, the relevant constraints
are: the resource constraint in (4), the participation constraints for a low valuation buyer,

πb (θb , f (θb , θs )) ≥ π̄b ,

for all

θs ∈ Θs ,
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the incentive constraint for a high type buyer who faces a low cost seller,

πb (θ̄b , f (θ̄b , θs )) ≥ πb (θ̄b , f (θb , θs )) ,
and, nally, the externality-freeness condition for a high valuation buyer

πb (θ̄b , f (θ̄b , θs )) = πb (θ̄b , f (θ̄b , θ̄s )) .

Proposition 3. A social choice function f solves the relaxed problem of robust and externality0

free mechanism design if and only if it has the following properties:

(a)' For any one θs ∈ Θs , the participation constraint of a low type buyer is binding:
πb (θb , f 0 (θb , θs )) = π̄b .

(b)' For θs = θs , the incentive constraint of a high type buyer is binding.
(c)' The trading rule is such that there is a downward distortion only for state (θb , θs );
f0

∈

q (θb , θs )



g m (θb )
argmaxq θb −
(θb − θb ) q − θs k(q) ,
g(θb , θs )

where gm (θb ) := g(θb , θs ) + g(θb , θs ). Otherwise, there is no distortion.
(d)' The payment rule for the buyer is such that, for any one θs ,
0

0

pfb (θb , θs ) = θb q f (θb , θs ) .

In addition

0

0

0

0

0

0

pfb (θb , θs ) = θb q f (θb , θs ) − (θb − θb )q f (θb , θs ) ,

and

pfb (θb , θs ) = θb q f (θb , θs ) − (θb − θb )q f (θb , θs ) ,

(e)' The revenue for the seller is such that
X

0

g(θb , θs )pfb (θb , θs ) =

Θb ×Θs

0

X

g(θb , θs )pfs (θb , θs ) .

Θb ×Θs

A formal proof of the Proposition is relegated to part B of the Appendix.

It proceeds as

follows: The rst step is to show that all inequality constraints of the relaxed problem have
to be binding.

Otherwise, it would be possible to implement the given trading rule

qf

0

with

0
higher payments of the buyer. This establishes (a) and

(b)0 . Second, we solve explicitly for the

payments of the buyer as a function of the trading rule

qf

0

 this yields

(d)0

 and substitute

the resulting expressions into the objective function. This resulting unconstrained optimization
problem has rst order conditions which characterize the optimal trading rule, see the optimality
conditions in

(c)0 .
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After having obtained the solution to the relaxed problem, we need to make sure that it is also
a solution to the full problem. For the buyer, it can be shown that the neglected participation,
incentive and externality-freeness constraints are satised provided that the solution to the
relaxed problem is such that the traded quantity increases in the buyer's valuation and decreases
in the seller's cost. If there is a solution to the relaxed problem that satises the seller's incentive,
participation and externality-freeness constraints, then this solution to the relaxed problem is
also a solution to the full problem. The social choice function

f0

in Example 2 below has all

these properties.
The substantive dierence between the optimal robust mechanism in Proposition 1 and the
optimal robust and externality-free mechanism in Proposition 3 is in the pattern of distortions.
The optimal robust mechanism has downward distortions whenever the buyer has a low valuation. The optimal robust and externality-free mechanism has a downward distortion in only one
state, namely the state in which the buyer's valuation is low and the seller's cost is low. This
distortion, however, is more severe than the distortion that arises for this state with the optimal
robust mechanism.

Example 2: An optimal robust and externality-free social choice function.
the parameters of the model are as in Example 1.

Suppose

0
The social choice function f , specied

in Proposition 3, solves the problem of optimal robust and externality-free mechanism design
formally dened in the previous paragraph: The traded quantities are given by
0

0

0

0

0

q f (θb , θs ) = 2.00, q f (θb , θ̄s ) = 1.54, q f (θ̄b , θs ) = 6.50

0

and

q f (θ̄b , θ̄s ) = 2.00 .

and

pfb (θ̄b , θ̄s ) = 2.00 .

and

pfs (θ̄b , θ̄s ) = 2.52 .

The buyer's payments are
0

0

pfb (θb , θs ) = 2.00, pfb (θb , θ̄s ) = 1.54, pfb (θ̄b , θs ) = 7.85
Finally, the seller's revenues are
0

0

0

pfs (θb , θs ) = 2.52, pfs (θb , θ̄s ) = 1.99, pfs (θ̄b , θs ) = 6.35

0

To illustrate the property of externality-freeness, we consider, once more, the various complete
information games which are associated with this social choice function.

Table 1': The game induced by

f0

for

(θb , θs ) = (θb , θs ).

(πb , πs )

θs

θs

θb

(2.68, 5.33)

(2.68, 4.86)

θb

(0.97, 5.33)

(2.66, 5.31)

Along the same lines as for Table 1, one may verify that the relevant

ex post

incentive and participation

constraints are satised. In addition, externality-freeness holds: If the seller communicates her low cost
truthfully, then she gets a payo of 5.33 irrespectively of whether the buyer communicates a high or a
low valuation. Also, if the buyer reveals his low valuation, he gets 2.68 irrespectively of whether the seller
communicates a high or a low cost.
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Again, we also describe the normal form games that are induced by

f0

in the remaining complete

information environments.
Table 2': The game induced by

f0

for

(θb , θs ) = (θb , θs ).

(πb , πs )

θs

θs

θb

(2.68, 4.19)

(2.68, 4.21)

θb

(0.97, −6.57)

(2.66, 4.21)

Table 3': The game induced by

f0

for

(θb , θs ) = (θb , θs ).

(πb , πs )

θs

θs

θb

(3.41, 5.33)

(3.24, 4.86)

θb

(3.43, 5.33)

(3.43, 5.31)

Table 4': The game induced by

f0

for

(θb , θs ) = (θb , θs ).

(πb , πs )

θs

θs

θb

(3.41, 4.19)

(3.24, 4.21)

θb

(3.43, −6.57)

(3.43, 4.21)

On top of externality-freeness, the social choice function

f0

in Tables 1' to 4' has the following

properties: (i) The seller's payo under truth-telling is higher than the buyer's payo under
truth-telling, (ii) a low type buyer realizes his reservation utility (see Tables 1' and 2'), and (iii)
the buyer's incentive constraint binds if the seller's cost is low, but not if the seller's cost is high
(see Tables 3' and 4').

4 A laboratory experiment
We conducted a laboratory experiment with ve treatments. The rst treatment is based on the
optimal mechanism

f

under selsh preferences in Example 1 (T1), and the second treatment

is based on the optimal externality-free mechanism

f0

under social preferences in Example 2

(T2). The three additional treatment variations (T3-5) will be described in subsequent sections.
All treatments were conducted employing exactly the same laboratory procedures which are
described below.

Laboratory Procedures.
Economic Research

Cologne Laboratory for
programmed with z-Tree

The experiments were conducted in the

at the University of Cologne.

They had been

developed by Fischbacher (2007), and participants were recruited with the online recruitment
system

ORSEE

developed by Greiner (2004). In total, we recruited 632 subjects who partic-

ipated in twenty sessions, four for each of the ve treatments.

Each subject was allowed to

participate in one session and in one treatment only (between-subject design). We collected at
least 63 independent observations for each treatment and player role. Subjects were students
from all faculties of the University of Cologne, mostly female (380 subjects), with an average
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age of 24 years. A session lasted 45-60 minutes. Average payments to subjects, including the
show-up fee, was 10.76 Euro.
Upon arrival, subjects were randomly assigned to computer-terminals and received identical
written instructions, which informed them about all general rules and procedures of the experiment. All treatment- and role-specic information was given on the computer-screen (see
Appendix C for instructions and screenshot). We used neutral terms to describe the game; e.g.,
player-roles were labeled Participant A (B) and strategies were labeled Top (Left) and Bottom
(Right) respectively.

19

Subjects then went through a
decision-dependent payments.

learning stage,

with no interaction among subjects and no

In the learning stage, subjects had to choose actions for each

player role in each complete information game and then to state the resulting payos for the
corresponding self-selected strategy combination. Subjects had to give the right answer before
proceeding to the decision stage. This way we assured that all subjects were able to correctly
read the payo tables, without suggesting specic actions which might create anchoring or
experimenter demand eects.
Then subjects entered the

decision stage and were informed about their role in their matching

group. The matching into groups and roles was anonymous, random and held constant over the
course of the experiment. Within the decision stage, subjects had to choose one action for each

20 The order of the four games

of the four complete information games of their specic treatment.

was identical to the order in Table 5. Only after all subjects submitted their choices, feedback
was given to each subject on all choices and resulting outcomes in their group. Finally, one of
the four games was randomly determined for being paid in addition to a 2.50 Euro show-up fee.

Results.

Table 5 summarizes the decisions made in the experiment. Sellers report their true

valuation in almost all cases. Buyers with a low type also make truthful reports in both treatments.

This is dierent for high type buyers in T1, though.

Here, 13% (17%) of the buyers

understate their true valuation when facing a seller with a low (high) valuation.
This pattern of buyer and seller behavior is in line with models of social preferences.

In

particular, for T1, which is based on an optimal mechanism for selsh agents, these models
imply that high type buyers cannot be expected to always make truthful reports. By contrast,
for

T 2,

which is based on an optimal externality-free mechanism, these models unambiguously

predict truthful behavior.

We observe signicantly higher shares of truthful high type buyer

reports in T2 in comparison to T1 (two-sided Fisher's exact test,
a low type seller and
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p = 0.014

p = 0.017

for the games with

for the games with a high type seller).

In the following we refer to the specic roles within the experiment as buyers and sellers, to make this section

consistent with previous ones.

20

As mentioned before, our experimental testing strategy takes for granted the equivalence between imple-

mentability in all complete information environments and implementability in all incomplete information environments; see Section 9 for discussion.
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Table 5: Choice Data T1 and T2

Buyer
Game induced by
T1

optimal mechanism under
selsh preferences
T2

externality-free
mechanism

Seller

θb

θb

θs

θs

f

for

(θb , θs )

63

0

63

0

f

for

(θb , θs )

63

0

0

63

f

for

(θb , θs )

8

55

63

0

f

for

(θb , θs )

10

53

1

62

f0

for

(θb , θs )

64

0

62

2

f 0 for

(θb , θs )

64

0

0

64

f 0 for

(θb , θs )

1

63

64

0

f 0 for

(θb , θs )

2

62

0

64

5 Which mechanism is more protable?
We now turn to the question which of the two mechanisms the designer would prefer. We rst
clarify the conditions under which the optimal mechanism for selsh agents outperforms the
optimal externality-free mechanism in the sense that it yields a higher value of the designer's
objective, here, maximal expected prots for the seller. We then check whether these conditions
are satised in our experiment data.
Based on our experiment results, we introduce a distinction between dierent

types

of buyers.
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There is the truthful type and the understatement type.

behavioral

The former

communicates his valuation truthfully in all the complete information games induced by the
optimal robust mechanism

f.

The latter communicates a low valuation in all such games. We

assume throughout that the seller always behaves truthfully, which is also what we observed
in the experiment. We denote the probability that a buyer is of the truthful type by

f
denote by Π (σ) the expected prots that are realized under

σ.

We

0
f . We denote by Πf the expected

prots that are realized under the optimal externality-free social choice function

f 0,

under the

assumption that the buyer and the seller behave truthfully in all complete information games.

Proposition 4. Suppose that Π (0) < Π
f

f0

if and only if σ ≥ σ̂.
Proof.

. Then there is a critical value σ̂ so that Πf (σ) ≥ Πf

0

We rst note that

Πf (σ) =

X

n
g(θb , θs ) σ(pfb (θb , θs ) − θs k(q f (θb , θs )))

Θb ×Θs

o
+(1 − σ)(pfb (θb , θs ) − θs k(q f (θb , θs )))
= σΠf (1) + (1 − σ)Πf (0) .
21

We refer to behavioral types because we wish to remain agnostic with respect to the social preference model

that generates this behavior. Truthful behavior, for instance, can be rationalized both by selsh preferences and
by preferences that include a concern for welfare. In the latter case, understatement is not attractive because it
is Pareto-damaging.
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We also note that

Πf (1) > Πf

0

since

Πf (1) gives expected prots if there are only truthful buyer

types, which is the situation in which

f

σ)Πf (0)

It exceeds

short of
exceeds

is a continuous function of

Π

f0

f0

Π

for

σ

σ.

is the optimal mechanism. The term

close to zero. Hence, there is

if and only if

σ

exceeds

0

for

σ

close to one. If

Πf (0) < Πf

0

, it falls

σ̂ ∈ (0, 1) so that Πf (σ) = σΠf (1) + (1 − σ)Πf (0)

σ̂ .

Our experiment data revisited.



For the Examples 1 and 2 on which our experiments were

based, the premise of Proposition 4 that

Πf (0) = 4.54 ,

Πf

σΠf (1) + (1 −

Πf (1) = 4.91 ,

Πf (0) < Πf

0

is fullled. Specically,

Πf (σ) = 4.91 − 0.37σ ,

Thus, the fraction of deviating buyers must rise above

0

Πf = 4.77

and

σ̂ = 0.62

38% if the optimal externality-free mech-

anism is to outperform the optimal robust mechanism. In our experiment data, however, the
fraction of deviating buyer types was only

14%.

As a consequence, actual average seller prots

are smaller under the externality-free mechanism (4.77) than under the optimal robust mechanism (4.82).

This dierence was not found to be statistically signicant, though (two-sided

t-test based on independent average prots,

p = 0.143).22

One might have expected more deviations from truth-telling. For instance, the social preference model by Fehr and Schmidt (1999) is consistent with truthful buyers only for one special
case, namely the case in which buyers are completely selsh so that
Schmidt estimate that often roughly

αb = 0,

50% of subjects behave in a fair way.

and Fehr and

This would have been

more than enough to make the externality-free mechanism more protable. However, the degree
of selshness may vary with the framing of the context, size of payments, etc., and moreover not
all social preference models predict deviations. For instance, according to the model of Charness
and Rabin (2002), individuals have a concern for welfare, so that an eciency-damaging action
such as communicating a low valuation instead of high valuation seems less attractive.

This

uncontrolled uncertainty about the mix of preferences among negotiators in a specic context
justies our approach to not further specify (beliefs about) social preferences.
That said, an important insight is that the ability to control behavior is not the same
as the ability to reach a given objective, here maximal seller prots. Under an externality-free
mechanism deviations from truth-telling are no longer tempting, i.e. this mechanism successfully
controls behavior. One may, however, still prefer to use a mechanism under which some agents
deviate if the complementary set of agents who do not deviate is suciently large.

6 Finding a superior mechanism: An engineering approach
Our laboratory ndings suggest that the requirement of externality-freeness is more than what
is really needed to control behavior.

Under the optimal mechanism for selsh agents only

particular deviations from truth-telling were observed frequently: Some of the high valuation
buyers understated their valuation. However, when we impose externality-freeness we also ensure
that low valuation buyers do not overstate their valuation, that high cost sellers do not understate

22

Intuitively, the sellers matched with the low valuation buyers dampen the eect of the deviant high valuation

buyers on the performance measure.
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their costs, and that low cost sellers do not exaggerate their costs. While such deviations could
possibly be rationalized by models of social preferences, they seem empirically less likely.
In the following, we therefore consider a mechanism design problem in which the requirement
of externality-freeness is imposed only locally, namely such that the buyer is unable to inuence
the seller's payo. Formally, we require that, for all

θs ∈ Θs ,

πs (θs , f (θb , θs )) = πs (θs , f (θ̄b , θs )) .

(9)

We do not attempt to provide an axiomatic foundation for these constraints. The motivation
for imposing them comes exclusively from the behavior that we observed in our laboratory tests
of the mechanisms in Examples 1 and 2. This is why refer to this approach as engineering (see
Roth (2002) and Bolton and Ockenfels (2012)).
Remember that the optimal social choice function that we characterize in Proposition 1
leaves degrees of freedom for the specication of the payments to the seller. For instance, these
payments can be chosen so that, in each state, the payment of the buyer equals the seller's
revenue, as stipulated by (5).

Alternatively, the payments can be chosen so that the local

externality-freeness condition (9) is satised; i.e. there is an optimal mechanism that satises
(9). Hence, local externality-freeness can be ensured without having to sacrice performance.
This is stated formally in the following Proposition that we prove in part B of the Appendix.

Proposition 5. There is a solution to the relaxed problem of robust mechanism design, characterized in Proposition 1, that satises (9).

Proposition 5 shows that if everybody is selsh then an optimal mechanism that satises

ex post

budget balance (as in Example 1 above) and an optimal mechanism that satises local

externality-freeness (as in Example 3 below) are equivalent in terms of the expected prots that
they generate.
occur under

However, if the locally externality-free mechanism eliminates deviations that

ex post

budget balance, it will perform strictly better. To see whether this is indeed

the case we ran another laboratory treatment (T3), employing the same procedures as outlined
in Section 4, yet based on the following Example.

Example 3: An optimal robust and locally externality-free social choice function.
We illustrate Proposition 5 in the context of our numerical example.

The payo functions,

parameter values, and traded quantities are as in Example 1. We denote the optimal mechanism
that is locally externality-free by
00

00

f 00 .

Under

f 00 ,

payments to the seller are given by

00

pfs (θb , θs ) = 4.07, pfs (θb , θ̄s ) = 1.25, pfs (θ̄b , θs ) = 6.99

and

00

pfs (θ̄b , θ̄s ) = 2.11 .

Part D of the Appendix contains a detailed description of the normal form games that
induces on the four dierent complete information type spaces.

f 00

It also contains a detailed

description of the experiment results. They can be summarized as follows: As predicted, all low
valuation buyers communicated their types truthfully, just as in T1. For the states with high
valuation buyers the locally externality-free mechanism has less deviations from truth-telling
than the mechanism in Example 1. The dierence is signicantly dierent from zero for the states
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with a low type seller (two-sided Fisher's exact test,

f 00
expected seller prots (Π

= 4.90)

p = 0.033).

It therefore also generates higher

than both the mechanism in Example 1 (Π

f0
the globally externality-free mechanism in Example 2 (Π
are statistically signicant (two-sided t-test,

= 4.77).

pT 1 vs. T 3 = 0.037

and

f

= 4.82)

and

Both welfare comparisons

pT 2 vs. T 3 < 0.001).

7 Redistributive income taxation
We now turn to another application of mechanism design, namely redistributive income taxation.

Our motivation for looking at this is twofold: First, for this application, what can be

achieved with an externality-free mechanisms has a natural interpretation: Such allocations can
be decentralized by means of a non-linear income tax schedule. This raises the question how
these natural mechanisms perform relative to ones that are not externality-free and predicted
to generate more welfare if all individuals are selsh. Second, this case serves as an important
robustness check for our experiment results, and at the same time as a proof of concept for our
notion of externality-free mechanisms. For the bilateral trade application our externality-free
mechanism better controlled behavior, but failed to generate monetary gains because there were
not enough socially-motivated buyers to exceed the threshold of 38 %. However, as we explain
below, the fraction of socially-motivated buyers observed in the bilateral trade application (14 %)
would be sucient to make the externality-free mechanism protable in our taxation example.
That is, with our taxation example we test whether social preferences are stable across mechanism design applications (or whether a context-dependent approach is required), and whether
in this specic case the externality-free mechanism outperforms the optimal mechanism under
selsh preferences.
As in our analysis of the bilateral trade problem, we consider an economy with two individuals,

ci ,

I = {1, 2}.

Individual

i derives utility from private goods consumption, or after-tax-income,

and dislikes productive eort. Individual

i's

productive eort is measured by

yi
ωi , where

denotes the individual's contribution to the economy's output, or pre-tax-income, and

ωi

yi

is a

measure of the individual's productive abilities. Thus, an individual with high productive abilities can generate a given level of output with less eort than an individual with low productive
abilities. We assume that individual preferences can be represented by an additively separable
utility function

u(ci ) − v

 
yi
ωi

, where

u

is an increasing and concave function, and

v

is an in-

creasing and convex function. Both functions are assumed to satisfy the usual Inada conditions.
Note that the individuals' preferences satisfy the single-crossing property: For any point in a

(y, c)-diagram

the indierence curve of an individual with low abilities through this point is

steeper than the indierence curve of an individual with high abilities.
We assume that
individual

i.

ωi

is the realization of a random variable that is privately observed by

This random variable either takes a high value,

of the economy is a pair

ω = (ω1 , ω2 )

ωh ,

or a low value,

ωl .

A state

which species the productive ability of individual 1 and

the productive ability of individual 2. The set of states is equal to
function or direct mechanism consists of functions

ci : {ωl , ωh

}2

{ωl , ωh }2 .

→ R+

and

A social choice

yi : {ωl , ωh }2 → R+

which specify, for each state of the economy, and for each individual, a consumption and an
output level.
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An important benchmark is the rst-best utilitarian welfare optimum.
choice function which is obtained by choosing, separately for each state
and

y2 (ω)

This is the social

ω , c1 (ω), c2 (ω), y1 (ω)

so as to maximize the sum of utilities,


u(c1 (ω)) − v

y1 (ω)
ω1




+ u(c2 (ω)) − v

y2 (ω)
ω2


,

subject to the economy's resource constraint,

c1 (ω) + c2 (ω) ≤ y1 (ω) + y2 (ω) .
For a state where one individual is high-skilled and one is low-skilled this has the following
implication: Both individuals get the same consumption level because marginal consumption
utilities ought to be equalized. However, the high-skilled individual has to deliver more output
than the low-skilled individual because marginal costs of eort ought to be equalized as well.
It will prove useful to have specic notation which refers to the rst-best utilitarian welfare
maximum for an economy with one highly productive and one less productive individual. The
former is assigned an income requirement of

yh∗

and a consumption level of

c∗h .

The latter gets

∗
a lower income requirement, denoted by yl , but receives the same consumption level
This social choice function raises questions of incentive compatibility.

c∗l = c∗h .

Clearly, the high-

skilled individual would prefer the outcome intended for the low-skilled individual since the latter
has the same consumption level but a smaller workload. As we will describe in the following,
whether or not the rst-best utilitarian welfare optimum can be reached in the presence of
private information on productive abilities depends on the economy's information structure and
on whether or not we impose a condition of externality-freeness.

Information structure.

We assume that it is commonly known that, with probability 1,

one individual is high-skilled and one individual is low-skilled.

23 That is to say, only the states

(ωl , ωh ) and (ωh , ωl ) have positive probability, whereas the states (ωl , ωl ) and (ωh , ωh ) have probability zero. This implies that any one individual knows the other individual's type: If individual
1 observes that the own productive ability is high, then she can infer that the productive ability
of individual 2 is low and vice versa. Put dierently, each possible state of the economy gives
rise to a complete information type space, with the mechanism designer as the only uninformed
party.

The Mirrleesian approach.

A Mirrleesian analysis imposes externality-freeness and anony-

mity. Externality-freeness requires that the outcome for any one individual depends only on that
individual's productive ability and not on the productive ability of the other person. Anonymity
requires that these outcomes are identical across individuals, so that e.g., the outcome specied
for person 1 in case that

23

ω1 = ωl , equals the outcome specied for person 2 in case that ω2 = ωl .

This setup is due to Piketty (1993). We investigate the Mirrleesian approach under the same information

structure.
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Consequently, a social choice function can be represented by two bundles
that, for all

(yl , cl )

and

(yh , ch )

so

i,


(y , c )
l l
(yi (ω), ci (ω)) =
(y , c )
h

h

whenever

ωi = ωl ,

whenever

ωi = ωh .

Incentive compatibility then requires that an individual with low productive ability prefers

(yl , cl )

over

(yl , cl ).24

(yh , ch ),

and that an individual with high productive ability prefers

(yh , ch )

over

Formally,


u(cl ) − v

yl
wl




≥ u(ch ) − v

yh
wl




and

u(ch ) − v

yh
wh




≥ u(cl ) − v

yl
wh


.

(10)

Obviously, these Mirrleesian incentive constraints are violated by the rst-best utilitarian welfare

(cl , yl )

maximum. An optimal Mirrleesian allocation is obtained by choosing

and

(ch , yh )

so as

to maximize the sum of utilities


u(cl ) − v

yl
ωl




+ u(ch ) − v

yh
wh


,
cl + ch ≤ yl + yh .

subject to the incentive constraints in (10) and the resource constraint

Piketty's approach.

Piketty (1993) constructs a mechanism which achieves the rst-best

utilitarian outcome in dominant strategies. This mechanism is anonymous, but not externalityfree. The construction is illustrated in Figure 1. In this Figure, point
one individual if it reports

ωl

an individual that reports

ωh

individual that reports

ωh

and the other individual reports

ωh .

A

is the outcome for any

Point

ωl .

Point

if the other individual also reports

ωh .

Analogously,

ωl

if the other individual also reports

ωl .

is the outcome for an

and between the two individuals' indierence curves through

point

B

is the outcome

C

lies above point

and (ii) point

and between the two individuals' indierence curves through

incompatible with externality-freeness which would require that
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A,

D

It can easily be veried

that truth-telling is a dominant strategy for selsh individuals if (i) point

A

is the outcome for

if the other individual reports

for an individual that reports

C

B

B.

A=D

D

lies below

Also note that this is

and

B = C.

According to the Taxation Principle, see Hammond (1979) and Guesnerie (1995), these incentive constraints

are equivalent to the possibility to reach a social choice function by specifying a tax schedule
that any one individual

i chooses ci

and

yi

T : y 7→ T (y) so
ci ≤ yi − T (yi ).

so as to maximize utility subject to the constraint that
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c
Il∗

Iˆh

Ih∗

Iˆl

C
r
B

Ar

c∗l = c∗h

r

D

r

yl∗
Figure 1.

The Figure illustrates how the rst-best utilitarian welfare maximum can be achieved with

a mechanism that is not externality-free.

(yl∗ , c∗l ).

y

yh∗

Ih∗

Analogously,

Il∗

able individual's indierence curve through
curve through

A

is denoted by

Social preferences.

is the less able individual's indierence curve through

is the more able individual's indierence curve trough

B

is denoted by

Iˆl ,

B = (yh∗ , c∗h ).

A=

The less

and the more able individual's indierence

Iˆh .

Models of social preferences can rationalize deviations from this dominant

strategy equilibrium. Consider rst a model with intentions, such as Rabin (1993). The highskilled individual might reason in the following way: The other individual could have reported
a high ability type, in which case I would have gotten point

C.

This would have been good for

me. So, the other individual is unkind since she did not make use of this possibility to increase
my payo. I am therefore willing to give up own payo, so as to reciprocally harm the other
individual. So, I should declare to be of the low ability type. In this case we both get
clearly harms myself and the other person. However, the point

D

D.

This

is not that much worse for me,

so the possibility to harm the other person is worth the sacrice. Alternatively, we may consider
a model with inequity aversion such as the Fehr-Schmidt-model. In this case, the same deviation
could be rationalized by the observation that if both get

D,

their outcomes are equal, whereas

they are very unequal in the dominant strategy equilibrium.
close to

B

Again, if point

D

is suciently

achieving this gain in equity is not too costly for an individual with high ability.

With the Mirrleesian approach, by contrast, models of social preferences would predict truthful
behavior. Since the Mirrleesian mechanism is externality-free, Proposition 2 implies that it is
social-preference-robust.

An experiment.

In the following we report on a laboratory experiment so as to check whether

Piketty's approach does indeed provoke more deviations from truth-telling, and, if, yes, what
this implies for the levels of utilitarian welfare that are generated by the two mechanisms. The
experiment was based on functional form assumptions and parameter choices that are detailed
in the following example.

Example 4.

We impose the following functional form assumption on preferences:


Ui = u(ci ) − v

yi
ωi


=

√

ci −

1
2



yi
wi

2
.
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ωl = 4

In addition, we let

ωh = 6.

and

M M
allocation is given by (cl , yl )

Under these assumptions, the optimal Mirrleesian

= (3.45, 2.47)

and

M
(cM
h , yh ) = (6.23, 7.21).

The normal form

game that is induced by the Mirrleesian mechanism on a complete information type space so that
individual 1 is of low ability and individual 2 is of high ability is summarized in the following
table. The entries in the matrix are the players' utility levels under the assumption of selsh
preferences.
Table 6: The game induced by the Mirrleesian mechanism for

(U1 , U2 )

ωl

ωh

ωl

(3.26, 3.70)

(3.26, 3.72)

ωh

(1.99, 3.70)

(1.99, 3.72)

(ω1 , ω2 ) = (ωl , ωh ).

To see that incentive compatibility holds note that rst that player 1 does not benet from claiming to
be of high ability if player 2 behaves truthfully. His payo would drop from 3.26 to 1.99. Analogously, if
player 1 behaves truthfully, player 2 does not benet from understating her ability, her payo would drop
from 3.72 to 3.70. In addition, externality-freeness holds: If player 1 communicates her low type truthfully,
then she gets a payo of 3.26 irrespectively of whether player 2 communicates a high or a low type. Also,
if player 2 reveals his high type, he gets 3.72 irrespectively of whether player 1 communicates a high or a
low valuation.

Piketty's mechanism is characterized by four points
2. Points

A

and

B

A, B , C

and

D,

as illustrated in Figure

coincide with the rst-best utilitarian welfare maximum, so that

A = (c∗l , yl∗ ) = (5.53, 3.40)

and

B = (c∗h , yh∗ ) = (5.53, 7.66) .

There is a degree of freedom for the location of the points

C

and

D.

specied example we need to determine these points in a specic way.

To have a completely
We do this so as to

capture the desire for welfare-maximizing redistribution which is the basic premise of an analysis
of optimal income tax systems. In particular, suppose that there is a small probability, possibly
zero, that both types have low abilities. In this case truth-telling of both individuals yields point

D.

Also suppose that there is an equally small probability that both types have high abilities,

which would yield point

C.

We now allow for the possibility to redistribute resources away from

the lucky state in which everybody is of high ability to the unlucky state in which everybody
is of low ability. Moreover, we maximize this level of redistribution subject to the constraint of
satisfying the principles of Piketty's construction. More formally, we choose point
so that we extract a maximal tax payment subject to the constraint that

C

lies above point

25 We then choose point
between the two relevant indierence curves through A.
so as to maximize

u(cD ) − v



yD
wl

to the requirement that point

25



D

subject to the constraint that
lies below point

B



yC
wh



≥ u(cA ) − v



yA
wh


and

A and

(y D , cD )

and subject

and between the two relevant indierence

y C − cC , s.t.
 C
 A
y
y
u(cC ) − v
≤ u(cA ) − v
.
wl
wl
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D=

cD − y D = y C − cC

Formally, it is obtained as a solution to the following problem: Maximize

u(cC ) − v

C = (y C , cC )

curves through

B.

This construction is illustrated in Figure 3. It yields the following numerical

values

C = (y C , cC ) = (6.45, 7.77)

and

D = (y D , cD ) = (4.62, 3.30) .

c
Il∗

Iˆh

Ih∗

Iˆl

Cr
B

Ar

c∗l = c∗h

r

Dr

yl∗

y

yh∗

Figure 2. The Figure illustrates a specic Piketty mechanism. Point

C

is chosen so as to extract maximal

tax revenues which yields the tangency condition that is shown in the Figure. These tax revenues are then
used to make point

D

as attractive as possible, so that

∗
curve Ih and a line with slope 1 and intercept

C

C

y −c

D

is determined by the intersection of indierence

.

The normal form game that is induced by this version of a Piketty mechanism on a complete
information type space, so that individual 1 is of low ability and individual 2 is of high ability,
is summarized in Table 7. Again, the entries in the matrix are the players utility levels under
the assumption of selsh preferences.
Table 7: The game induced by the Piketty mechanism in Figure 2 for

(U1 , U2 )

ωl

ωh

ωl

(2.32, 3.06)

(3.98, 3.08)

ωh

(1.04, 4.38)

(2.94, 4.40)

(ω1 , ω2 ) = (ωl , ωh ).

Truth-telling is a dominant strategy equilibrium under the assumption of selsh preferences. Externalityfreeness is violated: If player 1 truthfully communicates a low ability type, his payo depends on what
player 2 communicates. Likewise, if player 2 communicates her high ability type truthfully, then her payo
depends on the type declared by player 1.

We conducted two laboratory treatments, one for the Mirrleesian approach and one for
Piketty's approach.

26 As expected, we nd hardly any deviations from truth-telling with the

Mirrleesian approach: 124 of 126 low skilled individuals and 122 of 126 high skilled individuals
truthfully report their ability. With Piketty's approach we also nd almost no deviations from
truth-telling for low skilled individuals, 121 of 126 reports are truthful. This changes with high
skilled individuals in Piketty's approach where we observed 21 of 126 individuals to understate

26

In Piketty's approach only states with a low and a high skilled individual have a positive probability in

theory. Despite this, we asked subjects to report actions for all four skill combinations in order to use the same
procedures as in our other treatments.

The results reported in this section are based on the two states with

positive probability. The full experiment data can be found in Appendix D.
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their skill level. This is a signicantly larger proportion of deviations than with the Mirrleesian
approach (two-sided Fisher's exact test,

p<0.001).

As a result, the Mirrleesian approach reaches

an average welfare level that is with 6.93 signicantly larger than the average welfare level of
6.78 which results from Piketty's approach (two-sided t-test,

p = 0.014).

At rst glance, our results seem to suggest that insisting on externality-freeness is a good idea for
a problem of income taxation, but a bad idea for the bilateral trade problem. Yet, in fact, social
behavior is robust across applications: The fraction of individuals who deviated from selsh behavior was 14 % in our bilateral trade application and with 17 % for the income tax application

27 These numbers are clearly below the corresponding threshold for

not signicantly dierent.

the protability of the externality-free mechanism in bilateral trade (34 %), yet clearly above the
threshold in taxation (5 %). We conclude that behavior is robust against our dierent mechanism design contexts, but the mechanisms systematically dier in their robustness towards social
behavior.

8 Concluding remarks
This paper shows how social preferences can be taken into account in robust mechanism design.
We have rst characterized optimal mechanisms for a bilateral trade problem and a problem of
redistributive income taxation under selsh preferences. We have argued theoretically that such a
mechanism will not generally produce the desired behavior if individuals have social preferences,
and we have illustrated in a laboratory experiment that deviations from the intended behavior
indeed occur. We have then introduced an additional constraint on mechanism design, which we
termed externality-freeness. We have shown theoretically that such a mechanism does generate
the intended behavior if individuals are motivated by social preferences, without a need to specify
(beliefs about) the nature and intensity of social preferences.

We have nally conrmed in a

series of experiments, taking other assumptions in mechanism design for granted (see below),
that an externality-free mechanism does indeed generate the intended behavior.
We also investigated under which conditions externality-freeness improves the performance
of a mechanism.

Our specication of the bilateral trade problem was such that, to justify

externality-freeness, many deviations from selsh behavior were required. By contrast, for our
income tax application, a small number of deviations was sucient. We found that the fraction
of deviating individuals was the same across applications, and moreover that this number was
high enough to make externality-freeness desirable for the income tax application, but not high
enough to make it desirable for the bilateral trade problem.
Externality-freeness is a sucient but not a necessary condition for the ability to predict
behavior.

Its advantage is that it successfully controls the underlying motivations across a

wide variety of social preferences discussed in the literature, as well as the frequently observed
large heterogeneity in parameter values across individuals. It is not guaranteed, however, that
externality-freeness also improves the performance of a mechanism. An alternative to imposing
externality-freeness is a mechanism design approach that elicits not only the monetary payos

27

The dierence between these two fractions was not found to be statistically dierent from zero (two-sided

Fisher's exact test,

p = 0.728).
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of individuals but also the precise functional form of their social preferences. However, a need
to specify the details of the nature and intensity of social preferences, which typically dier
across individuals and contexts, would work against our goal to develop robust mechanisms in
the spirit of the Wilson doctrine. We leave the question what can and what cannot be reached
with a ne-tuned approach to future research.
As an alternative to such an axiomatic approach one might simply try to identify the relevant
deviations from selsh behavior empirically, e.g., with a laboratory experiment, and then impose
externality-freeness conditions only locally so as to eliminate the specic deviations that pose
problems for the mechanism design problem at hand.

This approach has the advantage that

it does not impose as many additional constraints on the mechanism design problem.

The

disadvantage is that it does not eliminate all the deviations from selsh behavior that can be
rationalized by models of social preferences.

Thus, it is not as robust as an externality-free

mechanism. We demonstrated the attractiveness of such an engineering approach in the context
of the bilateral trade problem. Imposing externality-freeness only locally enabled us to nd a
mechanism that outperformed both an optimal mechanism for selsh agents and an optimal
externality-free mechanism.
Adding behavioral aspects to the mechanism design literature is a promising line of research.
That said, we caution that our study cannot, of course, capture all behavioral aspects that seem
relevant. For instance, our experiments do not shed light on social preference robustness with
incomplete information about monetary payos. As a rst step, we rather take the theoretically
predicted equivalence of implementability in all complete information environments and implementability in all incomplete information environments, as well as the revelation principle, for
granted. This way, we can focus on the role of social preferences under certainty in mechanism
design, abstracting away from other potential inuencing behavioral factors which may arise
in cognitively and socially more demanding environments.

For instance, recent evidence and

theory suggest that some patterns of risk-taking in social context are not easily explained by
either standard models of decision making under uncertainty nor standard models of social preferences (e.g., Bohnet et al. (2008), Bolton et al. (2015), Saito (2013), Ockenfels et al. (2014)).
The implications of such ndings for robust mechanism design need further attention. By the
same token, our approach leaves open the question whether we can generate the behavior that
is needed to implement a given social choice function also with an indirect mechanism, which
may be empirically more plausible, than a direct revelation mechanism, e.g. one that simply
asks individuals whether they are willing to trade at particular prices. These are fundamental
questions, and their answers likely generate more important insights on how motivational and
cognitive forces aect the behavioral eectiveness and eciency of economic mechanisms. We
are planning to check robustness along those lines in separate studies.
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A Other models of social preferences
In the body of the text, we have shown that the model of Fehr and Schmidt (1999) predicts
deviations from truth-telling in certain situations (see

Observation 1 ).

Below, we present analo-

gous ndings for two other models of social preferences, Rabin (1993) and Falk and Fischbacher
(2006). The Rabin (1993)-model is an example of intention-based social preferences, as opposed
to the outcome-based model of Fehr and Schmidt (1999). The model by Falk and Fischbacher
(2006) is a hybrid that combines considerations that are outcome-based with considerations that
are intention-based. We show that these models also satisfy

Assumption 1, i.e.

selshness in the

absence of externalities.
Similar exercises could be undertaken for other models, such as Charness and Rabin (2002),
and Dufwenberg and Kirchsteiger (2004). Whether or not these models would predict deviations
from truth-telling under the optimal mechanism for selsh agents depends on the values of specic parameters in these models. To avoid a lengthy exposition, we do not present these details
here. The preferences in Charness and Rabin (2002), and Dufwenberg and Kirchsteiger (2004)
do, however satisfy the assumption of selshness in the absence of externalities (

Rabin (1993).

The utility function of any one player

i

Assumption 1 ).

utility takes the form in (6). Rabin

models the kindness terms in this expression in a particular way. Kindness intended by

j

is the dierence between

j 's

i towards

actual material payo and an equitable reference payo,

κi (ri , rib , ribb ) = πj (ri , rib ) − πjei (rib ).
The equitable payo

πjei (rib )

(11)

is to be interpreted as a norm, or a payo that

j

deserves from

i's

perspective. According to Rabin (1993), this reference point is the average of the best and the
worst player

i

could do to player

πjei (rib ) =
where

Eij (ri )

j,

i.e.


1
maxri ∈Eij (rb ) πj (θj , f (ri , rib )) + minri ∈Eij (rb ) πj (θj , f (ri , rib )) ,
i
i
2

is the set of Pareto-ecient reports: A report

0
if there is no alternative report ri so that
at least one inequality being strict.
intended by

j

πi (ri0 , rib )

≥

ri

belongs to

πi (ri , rib ) and

Eij (rib )

πj (ri0 , rib )

Rabin models the beliefs of player

i

if and only

≥ πj (ri , rib ),

with

about the kindness

in a symmetric way. Thus,

e

κj (rib , ribb ) = πi (rib , ribb ) − πi j (ribb ).
For later reference, it is useful to note that by equation (11),
depend on

κi (ri , rib )

ribb .

κi (ri , rib , ribb ) does not explicitly

In the context of Rabin's model we can therefore simplify notation and write

rather than

κi (ri , rib , ribb ).

Observation 3. Let f be a social choice function that solves a problem of optimal robust mechanism design as dened in Section 3.2. Consider a complete information types space for state
(θb , θs ) and suppose that θb = θ̄b . Suppose that f is such that
πb (θb , f (θb , θs )) = πb (θb , f (θb , θs )) > πb (θb , f (θb , θs )) = πb (θb , f (θb , θs )) .
37

(12)

Suppose that the buyer's and the seller's rst and second order beliefs are as in a truth-telling
equilibrium. Also suppose that the buyer has Rabin (1993)-preferences with yb 6= 0. Then the
buyer's best response is to truthfully reveal his valuation.
The social choice function in Example 1 fullls Condition (12).

Consider Table 3.

The

buyer's incentive constraint binds. Moreover, if the buyer understates his valuation this harms
the seller. Since the seller's intention, when truthfully reporting his type, is perceived as kind,
the buyer maximizes utility by rewarding the seller. By (8), the buyer will therefore announce
his type truth-fully

for all yb .

Observation 4. Let f be a social choice function that solves a problem of optimal robust mech-

anism design as dened in Section 3.2. Consider a complete information types space for state
(θb , θs ) and suppose that θb = θ̄b . Suppose that f is such that (12) holds. Suppose that the
buyer's and the seller's rst and second order beliefs are as in a truth-telling equilibrium. Also
suppose that the buyer has Rabin (1993)-preferences with yb 6= 0. Then the buyer's best response
is to understate his valuation.
The social choice function in Example 1 fullls Condition (12).

Consider Table 4.

We

hypothesize that truth-telling is an equilibrium and show that this leads to a contradiction unless
the buyer is selsh: The buyer's incentive constraint binds. Moreover, if the buyer understates
his valuation this harms the seller.

Since the seller's intention, when truthfully reporting his

type, is perceived as unkind, the buyer maximizes utility by punishing the seller. By (8), the

for all yb 6= 0. Hence, the Rabin model predicts that
from truth-telling, for all yb 6= 0. Put dierently, truth-telling is a best

buyer will therefore understate his type
the buyer will deviate

response for the buyer only if

yb = 0,

i.e. only if the buyer is selsh.

Finally, we note that the utility function in the Rabin (1993)-model satises Assumption 1
for all possible parametrization of the model. The reason is that two actions which have the
same implications for the other player generate the same kindness. The one that is better for
the own payo is thus weakly preferred.

Observation 5. Suppose the buyer and the seller have preferences as in (6) with parameters y

b

and ys , respectively. The utility functions Ub and Us satisfy Assumption 1, for all yb 6= 0 and
for all ys 6= 0,

Falk and Fischbacher (2006).

We present a version of the Falk-Fischbacher model that is

adapted to the two player simultaneous move games that we study. The utility function takes
again the general form in (6). The kindness intended by player

i

is now given as

κi (ri , rib , ribb ) = πj (ri , rib ) − πj (rib , ribb ) ,
Moreover,

κj (rib , ribb )

is modeled by Falk and Fischbacher in such a way that

κj (rib , ribb ) ≤ 0 ,
whenever

πi (rib , ribb ) − πj (rib , ribb ) ≤ 0.

(13)

More specically, the following assumptions are imposed:
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(a) If

πi (rib , ribb ) − πj (rib , ribb ) = 0,

then

κj (rib , ribb ) = 0.
πi (rib , ribb ) − πj (rib , ribb ) < 0

(b) The inequality in (13) is strict whenever

bb
that πi (rj , ri )
(c) If

>

and there exists

rj

so

πi (rib , ribb ).

πi (rib , ribb ) − πj (rib , ribb ) < 0

and there is no

rj

so that

πi (rj , ribb ) > πi (rib , ribb ),

then

κj (rib , ribb ) may be zero or positive.
The case distinction in (c) is decisive for the predictions of the Falk-Fischbacher model.

κj (rib , ribb )

If

> 0, then Observation 1 for the Fehr-Schmidt-model also holds for the Falk-Fischbacher
κj (rib , ribb ) = 0,

model. If, by contrast,

then Observations 3 and 4 for the Rabin-model also hold

for the Falk-Fischbacher model. In any case, the Falk-Fischbacher satises Assumption 1, the
assumption of selshness in the absence of externalities.

Observation 6. Suppose the buyer and the seller have preferences as in the model of Falk and

Fischbacher (2006) with parameters yb and ys , respectively. The utility functions Ub and Us
satisfy Assumption 1, for all yb 6= 0 and for all ys 6= 0.
This follows since

πj (ri , rib ) = πj (ri0 , rib )

implies that

κi (ri , rib , ribb ) = κi (ri0 , rib , ribb ).

Conse-

quently, two actions that yield the same payo for the other player generate the same value of

κi (ri , rib , ribb )κj (rib , ribb ).

B Externality-freeness as a necessary condition.
Proposition 6 below states a condition under which externality-freeness and incentive-compatibility
are not only sucient, but also necessary for social-preference robustness. To prove Proposition
6 we focus on a specic model of social preferences, namely the one by Rabin (1993), and work
with the solution concept of a

fairness equilibrium

that has been introduced in that paper. We

require that a social choice function is robustly implementable as a fairness equilibrium, i.e. we
require that there is a mechanism that reaches this social function on every complete information
type space, and for each possible specication of the weights

y1 and y2 that players 1 and 2 assign

to kindness in their overall utility function in (6). We provide necessary conditions for robust
implementability as a fairness equilibrium. Robust implementability as a fairness equilibrium is
in turn a necessary condition for social-preference-robustness.

Robust implementability as a fairness equilibrium.

There are two agents

f : Θ1 × Θ2 → X ,

We seek to implement a social choice function

where

economic outcomes. Thus, given a prole of preferences parameters
for agent

X

I = {1, 2}.

is an abstract set of

(θ1 , θ2 ),

the material payo

1 is denoted by π1 (θ1 , f (θ1 , θ2 )) and the material payo for agent 2 by π2 (θ2 , f (θ1 , θ2 )).

In the context of Rabins's model of social preferences, the validity of the revelation principle
cannot be taken for granted, see Bierbrauer and Netzer (2016).
implementation of the social choice function
that consists of a set of reports
typical entry

R1 ,

f

We therefore consider the

by means of an arbitrary allocation mechanism

with typical entry

r1 ,

for player 1, a set of reports

r2 , for player 2 and an outcome function g : R1 × R2 → X

outcome to each prole of reports.
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R2 ,

with

that assigns an economic

The utility that individual

i

realizes can be written as

Ui (ri | θi , yi , rib , ribb ) = πi (θi , f (ri , rib )) + yi κi (ri , rib ) κj (rib , ribb ) ,
where

yi

is the weight that agent

that individual

assigns to kindness sensations.

b
chooses ri and that θi , yi , ri and

i

utility function. The weights

y1 = y2 = 0,

i

y1

and

y2

(14)

This notation emphasizes

ribb are parameters that enter individual i's

take values in the sets

R0+ .

In the special case with

both individuals are selsh.

We consider complete information type spaces where both the prole of preference parameters

(θ1 , θ2 )

mechanism

and the kindness weights

M = [R1 , R2 , g]

∗
exist reports r1 (θ1 , y1 ) and

(y1 , y2 )

are commonly known among the individuals. A

implements a social choice function

f

on such a type space if there

r2∗ (θ2 , y2 ) such that (i) the social choice function is reached, i.e.

g(r1∗ (θ1 , y1 ), r2∗ (θ2 , y2 )) = f (θ1 , θ2 )

(15)

and (ii) given correct rst and second order beliefs,

r1∗ (θ1 , y1 )

is the utility-maximizing report

∗
for player 1 and r2 (θ2 , y2 )) is the utility-maximizing report for player 2. More formally, for all
and

i

j 6= i,
ri∗ (θi , yi )

We say that

∈
f

M = [R1 , R2 , g],

argmaxr ∈R
i
i

Ui (ri | θi , yi , rj∗ (θj , yj )), ri∗ (θi , yi )) .

(16)

is robustly implementable as a fairness equilibrium if there exists a mechanism
and a pair of functions

and (16) hold for all

(θ1 , y1 ) ∈ Θ1 × R0+

A necessary condition.

r1∗ : Θ1 × Y1 → R1
and all

and

r2∗ : Θ2 × Y2 → R2

so that (15)

(θ2 , y2 ) ∈ Θ2 × R0+ .

Consider a specic violation of externality-freeness so that player 1

has an inuence on the payo of player 2, and player 2 has a chance to lower the payo of player
1. Part

B

of Proposition 6 below asserts that, if a social choice function violates externality-

freeness in this specic way, then it is not robustly implementable as a fairness equilibrium.
The specic violation of externality-freeness covers, in particular, environments with two types
per player.

With a more general structure of type spaces, a social choice function

externality-freeness in this way as soon as there is a type prole

such that

π2 (θ2 , f (θ10 , θ2 )) < π2 (θ2 , f (θ1 , θ2 )) < π2 (θ2 , f (θ100 , θ2 ))
and

π1 (θ1 , f (θ1 , θ20 )) < π1 (θ1 , f (θ1 , θ2 )) < π1 (θ1 , f (θ1 , θ200 )) .
Externality-freeness, by contrast, requires that, for all

min πj (θj , f (θi , θj )) = max πj (θj , f (θi , θj )) .

θi ∈Θi

θi ∈Θi

40

i

and all

violates

(θ1 , θ2 ) so that, for both players,

truth-telling is neither entirely selsh, nor entirely seless, i.e. as soon as there exist

(θ100 , θ200 )

f

θj ,

(θ10 , θ20 ) and

Denition 2. We say that social choice function f violates externality-freeness in a specic way

if there is a complete information type space (θ1 , θ2 ) and a pair of alternative types (θ10 , θ20 ) such
that π2 (θ2 , f (θ1 , θ2 )) < π2 (θ2 , f (θ10 , θ2 )) and π1 (θ1 , f (θ1 , θ2 )) > π1 (θ1 , f (θ1 , θ20 )).

Proposition 6.

A. If f is robustly implementable as a fairness equilibrium, then f is incentive compatible.
B. If f violates externality-freeness in a specic way, then f is not robustly implementable as
a fairness equilibrium.

Proof of Proposition 6.
equilibrium implies that

f

A.

We rst show that robust implementability of

is incentive-compatible. Let

yi = 0,

f

as a fairness

then implementability requires

that

ri∗ (θi , 0)
for all

∈

θi ∈ Θi

and all

argmaxr ∈R
i
i

and all

πi (θi , g(ri , rj∗ (θj , yj ))) .

(θj , yj ) ∈ Θj × R0+ .

(17)

In particular, this implies that for all

θi ,

all

(θi0 , yi0 )

(θj , yj ),

πi (θi , g(ri∗ (θi , 0), rj∗ (θj , yj ))) ≥ πi (θi , g(ri∗ (θi0 , yi0 ), rj∗ (θj , yj ))) .
Because of (15) this implies that, for all

θi ,

all

θi0

and all

θj ,

πi (θi , f (θi , θj )) ≥ πi (θi , f (θi0 , θj )) .
f

Thus,

is incentive compatible.

B. Let f

be a social choice function that violates externality-freeness in a specic way. We

will show that this implies that there is a threshold
incompatible whenever

y2 ≥ ŷ2 .

ŷ2

so that conditions (15) and (16) are

To establish this claim we have to go through a number of

intermediate steps.

Step 1.

We show that conditions (15) and (16) imply that every type of every player behaves

selshly, i.e. that for all

ri∗ (θi , yi )

∈

i,

all

(θi , yi )

argmaxr ∈R
i
i

and all

(θj , yj ),

πi (θi , g(ri , rj∗ (θj , yj ))) ,

and that, as a consequence, equilibrium kindness is bounded from above by

κi (ri∗ (θi , yi ), rj∗ (θj , yj )) ≤ 0 ,
for all

(θi , yi )

and

(18)

0,

i.e. that

(19)

(θj , yj ).

(θi , yi ) of player i, then this type could reach a higher
∗
material payo by deviating from ri (θi , yi ) to some other report. However, by (15) the payo
∗
consequence of choosing message ri (θi , yi ) is the same as the payo consequence of choosing
∗
message ri (θi , 0). Thus, if type (θi , yi ) can reach a higher a higher material payo by deviating
If (18) was violated for some type
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from

ri∗ (θi , yi )

then also type

(θi , 0)

can reach a higher payo by deviating from

ri∗ (θi , 0).

But

this would contradict (17).

Step 2.

Fix a pair

(y1 , y2 )

and consider a complete information type space on which exter-

1

nality freeness is violated in the sense of Denition 2. If player

r1∗ ,

behaves according to

player 1's equilibrium kindness is strictly negative. To see this, note that by

Step 1,

then

player 1

behaves selshly. Hence, he chooses the action that minimizes player 2's payo from the set of
Pareto-ecient action proles

E12 (r2∗ (θ2 , y2 )).

Hence,

π2 (θ2 , f (θ1 , θ2 )) = π2 (θ2 , g(r1∗ (θ1 , y1 ), r2∗ (θ2 , y2 ))) =

π2 (θ2 , g(r1 , r2∗ (θ2 , y2 ))) .

min

r1 ∈E12 (r2∗ (θ2 ,y2 ))

By the specic violation of externality-freeness,

min

r1 ∈E12 (r2∗ (θ2 ,y2 ))

π2 (θ2 , g(r1 , r2∗ (θ2 , y2 ))) <

min

r1 ∈E12 (r2∗ (θ2 ,y2 ))

π2 (θ2 , g(r1 , r2∗ (θ2 , y2 ))) ,

as player 1 could increase player 2's payo be choosing action

r1∗ (θ1 , y1 ). Consequently

Step 3.

κ1 (r1∗ (θ1 , y1 ), r2∗ (θ2 , y2 )

Consider the type prole

< 0,

for all

r1∗ (θ10 , y1 )

rather than action

(y1 , y2 ).

(θ1 , θ2 ) for which the specic violation of externality-freeness

occurs and a hypothetical fairness equilibrium in which player 1 behaves according to
and player 2 behaves according to

r2∗ (θ2 , y2 ).

r1∗ (θ1 , y1 )

Given correct rst- and second-order beliefs, the

best response problem for player 2 looks as follows: Choose

r2 ∈ R2 ,

so as to maximize

π2 (θ2 , g(r1∗ (θ1 , y1 ), r2 )) + y2 κ∗1 π1 (θ1 , g(r1∗ (θ1 , y1 ), r2 ))
where we omitted some constant terms from the objective function that do not aect the solution
of the optimization problem, and

κ∗1 < 0

is a shorthand for

κ1 (r1∗ (θ1 , y1 ), r2∗ (θ2 , y2 )),

i.e.

the

kindness of player 1 in the hypothetical equilibrium.
Now, if player 2 behaves according to

∗
value of π2 (θ2 , g(r1 (θ1 , y1 ), r2 )) over
of (15), this yields a lower value of
Moreover, if

y2

R2 .

r2∗ (θ2 , y2 ),

then, by

Step 1,

this yields the maximal

If player 2 behaves according to

r2∗ (θ20 , y2 ), then because

π1 (θ1 , g(r1∗ (θ1 , y1 ), r2 )) than behaving according to r2∗ (θ2 , y2 ).

is suciently large, overall utility will then be larger if the action

r2∗ (θ20 , y2 )

is

taken. But this contradicts the best response condition in (16).



C Proofs

Proof of Proposition 1.

The relaxed problem imposes only the buyer's

ex post

participation

and incentive constraints, as well as the constraint that the expected payments to the seller are
equal to the expected payments of the buyer, with expectations computed using the designer's
subjective beliefs. Thus, the problem is to choose, for every state

pfb (θb , θs ) and
X

pfs (θb , θs ) so as to maximize



g(θb , θs ) pfs (θb , θs ) − θs k(q f (θb , θs ))

Θb ×Θs
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(θb , θs ) ∈ Θb × Θs , q f (θb , θs ),

subject to the following constraints: (i) the resource constraint

X

g(θb , θs )pfb (θb , θs ) ≥

Θb ×Θs

X

g(θb , θs )pfs (θb , θs ) ,

(20)

Θb ×Θs

(ii) the incentive and participation constraints for the buyer that are relevant if the seller is of
the high cost type,

θb q f (θb , θs ) − pfb (θb , θs ) ≥ 0 ,

(21)

θb q f (θb , θs ) − pfb (θb , θs ) ≥ 0 ,

(22)

θb q f (θb , θs ) − pfb (θb , θs ) ≥ θb q f (θb , θs ) − pfb (θb , θs ) ,

(23)

θb q f (θb , θs ) − pfb (θb , θs ) ≥ θb q f (θb , θs ) − pfb (θb , θs ) ,

(24)

and

and nally (iii) the incentive and participation constraints for the buyer that are relevant if the
seller is of the low cost type. These constraints have the same structure as those in (21)-(24),
except that

θs

is everywhere replaced by

θs .

Obviously, the resource constraint will be binding, so that the objective becomes to maximize

X



g(θb , θs ) pfb (θb , θs ) − θs k(q f (θb , θs ))

Θb ×Θs
subject to the constraints in (ii) and (iii). The solution can be obtained by solving a separate
optimization problem for each seller type. Thus, optimality requires that

pfb (θb , θs ), and
X

q f (θb , θs ), q f (θb , θs ),

pff (θb , θs ) are chosen so as to maximize



g(θb , θs ) pfb (θb , θs ) − θs k(q f (θb , θs ))

Θb
subject to the constraints in (ii); likewise

q f (θb , θs ), q f (θb , θs ), pfb (θb , θs ),

and

pff (θb , θs )

are

chosen so as to maximize

X



g(θb , θs ) pfb (θb , θs ) − θs k(q f (θb , θs ))

Θb
subject to the constraints in (iii).
The solution to these problems is well-known, see e.g., Bolton and Dewatripont (2005).
Thus, at a solution, the high-valuation buyer's incentive constraint and the low-valuation buyer's
participation constraints bind and the other constraints are slack. For example, if

θs = θ s ,

then

(21) and (24) bind, and (22) and (23) are not binding. The optimal quantities are then obtained
by substituting

pfb (θb , θs ) = θb q f (θb , θs )
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and

pfb (θb , θs ) = θb q f (θb , θs ) − (θb − θb )q f (θb , θs )
into the objective function which yields

g(θb , θs )



θb −

g(θb ,θs )
(θ
g(θb ,θs ) b



− θb ) q f (θb , θs ) − θs k(q f (θb , θs ))


+g(θb , θs ) θb q f (θb , θs ) − θs k(q f (θb , θs )) .
Choosing

q f (θb , θs )

and

q f (θb , θs )

to maximize this expression yields the optimality conditions



that are stated in Proposition 1 in the body of the text.

Proof of Proposition 3.

For the relaxed problem of optimal externality-free mechanism

design the objective is, again, the maximization of

X



g(θb , θs ) pfs (θb , θs ) − θs k(q f (θb , θs )) .

Θb ×Θs
The resource constraint in (20) is binding at a solution to this problem, so that the objective
can be equivalently written as

X



g(θb , θs ) pfb (θb , θs ) − θs k(q f (θb , θs ))

Θb ×Θs
The constraints are the low valuation buyer's

ex post

participation constraints,

θb q f (θb , θs ) − pfb (θb , θs ) ≥ 0 ,

(25)

θb q f (θb , θs ) − pfb (θb , θs ) ≥ 0 ;

(26)

and

the incentive constraint for a high type buyer who faces a low cost seller,

θb q f (θb , θs ) − pfb (θb , θs ) ≥ θb q f (θb , θs ) − pfb (θb , θs ) ,

(27)

and the constraint, that the seller must not be able to inuence the high valuation buyer's payo,

θb q f (θb , θs ) − pfb (θb , θs ) = θb q f (θb , θs ) − pfb (θb , θs ) .

(28)

Note rst that the constraint in (26) has to bind at a solution to this problem. The payment

pfb (θb , θs ) enters only in this constraint. Hence, if we hypothesize a solution to the optimization
f
problem with slack in (26), we can raise pb (θ b , θ s ) without violating any constraint, thereby
arriving at a contradiction to the assumption that the initial situation has been an optimum.
Second, the constraint in (25) binds as well. Suppose otherwise, then it is possible to raise
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pfb (θb , θs ) by some small ε > 0,
and

pfb (θb , θs )

without violating this constraints. If at the same time,

are also raised by

ε,

pfb (θb , θs )

then also the constraints in (27) and (28) remain satised.

These increases of the buyer's payments raise the objective function, again contradicting the
assumption that the initial situation has been optimal.
Third, the constraint in (27) has to be binding.

Otherwise, it would be possible to raise

pfb (θb , θs ) without violating this constraint. If at the same time,
also (28) remains satised.

pfb (θb , θs )

is raised by

ε,

then

One more time, this contradicts the assumption that the initial

situation has been optimal.
These observations enables to express the buyer's payments as functions of the traded quantities, so that

pfb (θb , θs ) = θb q f (θb , θs ) ,
pfb (θb , θs ) = θb q f (θb , θs ) ,
pfb (θb , θs ) = θb q f (θb , θs ) − (θb − θb )q f (θb , θs ) ,
and

pfb (θb , θs ) = θb q f (θb , θs ) − (θb − θb )q f (θb , θs ) .
Substituting these payments into the objective function yields

g(θb , θs )



θb −

g(θb ,θs )+g(θb ,θs )
(θb
g(θb ,θs )



− θb ) q f (θb , θs ) − θs k(q f (θb , θs ))

+g(θb , θs )(θb q f (θb , θs ) − θs k(q f (θb , θs )))
+g(θb , θs )(θb q f (θb , θs ) − θs k(q f (θb , θs )))
+g(θb , θs )(θb q f (θb , θs ) − θs k(q f (θb , θs )))) .
Choosing

q f (θb , θs ), q f (θb , θs ), q f (θb , θs )

and

q f (θb , θs )

so as to maximize this expression yields

the optimality conditions stated in Proposition 3.

Proof of Proposition 5.



We need to show that there is a solution to the optimization problem

in Proposition 1 that satises

pfs (θb , θs ) − θs k(q f (θb , θs )) = pfs (θb , θs ) − θs k(q f (θb , θs )) ,
and

pfs (θb , θs ) − θs k(q f (θb , θs )) = pfs (θb , θs ) − θs k(q f (θb , θs )) ,
or, equivalently,

pfs (θb , θs ) − pfs (θb , θs ) = θs k(q f (θb , θs )) − θs k(q f (θb , θs )) ,
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(29)

and

pfs (θb , θs ) − pfs (θb , θs ) = θs k(q f (θb , θs )) − θs k(q f (θb , θs )) .

(30)

The right-hand-side of equations (29) and (30) is pinned down by the characterization in Proposition 1. However, this solution leaves degrees of freedom with respect to the specication of the
seller's payments. It only requires that the resource constraint binds which implies that

X
Θb ×Θs

g(θb , θs )pfs (θb , θs ) =

X

g(θb , θs )pfb (θb , θs ) .

(31)

Θb ×Θs

Again the right-hand side of this equation is is pinned down by the characterization in Proposition 1. Thus, the four payments to the seller

pfs (θb , θs ), pfs (θb , θs ), pfs (θb , θs )

and

pfs (θb , θs )

need

to satisfy the three linear equations in (29), (30) and (31). Obviously, there will be more than
one combination of payments to the seller that satisfy all of these conditions.
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D Instructions
The instructions are a translation of the German instructions used in the experiment, and are
identical for all participants. The original instructions are available upon request.

Instructions  General Part
Welcome to the experiment!

You can earn money in this experiment. How much you will earn, depends on your decisions
and the decisions of another anonymous participant, who is matched with you. Independent of
the decisions made during the experiment you will receive 7.00 e as a lump sum payment. At
the end of the experiment, positive and negative amounts earned will be added to or subtracted
from these 7.00 e. The resulting total will be paid out in cash at the end of the experiment. All
payments will be treated condentially.

All decisions made during the experiment are anonymous.

From now on, please do not communicate with other participants. If you have any questions
now or during the experiment, please raise your hand. We will then come to you and answer
your question.

Please switch o your mobile phone during the experiment. Documents (such as books, lecture
notes etc.) that do not deal with the experiment are not allowed. In case of violation of these
rules you can be excluded from the experiment and all payments.

On the following page you will nd the instructions concerning the course of the . After reading
these, we ask you to wait at your seat until the experiment starts.

First Part  Presentation of decision settings, reading of payos
The purpose of this part of the experiment is to familiarize all participants with the decision
settings. This ensures that every participant understands the presentation of the decision settings and can correctly infer the resulting payos of specic decision combinations. None of the
choices in the rst part are payo-relevant.

In the course of this part, eight dierent decision settings will be presented to you. In all of them
two participants have to make a decision without knowing the decision made by the other par-

[These
eight decision settings refer to the four complete information games of the respective social choice
function of their specic treatment. Each game was presented twice: First in the original form
and then in a strategically identical form where the payos of Participant A and B were switched.

ticipant. The combination of the decisions determines the payos of both participants.
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This explanation is, of course, not part of the original instructions.]

Exemplary Decision Setting
Participant A, highlighted in green, can decide between
lighted in blue, can decide between

Left

and

Right.

Top

or

Bottom.

Participant B, high-

The decision of Participant A determines

whether the payment results from the upper or lower row in the table. Accordingly, the decision
of Participant B determines whether the payment results from the left or right column. Both
decisions combined unambiguously determine the cell of the payo pair.

Each cell contains a payo pair for both participants. Which payo is relevant for which participant, is highlighted through their respective color. The green value, which can be found in the
lower left corner of every cell, shows the payo for Participant A. The blue value, which can be
found in the upper right corner of every cell, shows the payo for Participant B.
Please familiarize yourself with the payo table. Put yourself in the position of both participants
and consider possible decisions each participant would make. After a short time for consideration,
you can enter a choice combination. The entry can be modied and dierent constellations can
be tried.

After choosing two decisions, please enter the payos which would result from this

constellation. Your entry will then be veried. If your entry is wrong, you will be notied and
asked to correct it.

Second Part  Decision Making
At the beginning of the second part you will be assigned to a role which remains constant over
the course of the experiment. It will be the role of either Participant A or Participant B. Which
role you are assigned to, will be clearly marked on your screen. Please note that the assignment
is random, both roles are equally likely.

It will be assured that half of the participants are

assigned to the role of Participant A and the other half to the role of Participant B.
Simultaneously to the assignment of roles, you are matched with a participant of a dierent role.
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This matching is also random. In the course of the remaining experiment you will interact with
this participant.

The second part of the experiment consists of four decisions settings. Exactly one decision setting
is payo relevant for you and the other participant matched with you. Which decision setting
that is, is determined by chance: Every decision setting has the same chance of being chosen.
Hence, please bear in mind that each of the following decision settings can be payo-relevant.

All decision settings are presented similarly to those of the rst part. The dierence with respect
to the rst part is, that you can only make one decision, namely that for your role. Thus, you
do not know the decision of the participant matched with you.

Only after you have made a decision for each of the four settings, you will learn which decision
setting is relevant for your payo and the payo of the participant assigned to you. In addition
you will learn the decisions of the other participant in all decisions settings.

After the resulting payos are displayed, the experiment ends. A short questionnaire will appear
on your screen while the experimenters prepare the payments. Please ll out this questionnaire
and wait at your seat until your number is called.

If you have any questions, please raise your hand.

Thank you for participating in this experiment!
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E Supplementary material
E.1 The experiment reported on in Section 6
Table 1: The game induced by

f 00

for

(θb , θs ) = (θb , θs ).

(πb , πs )

θs

θs

θb

(2.68, 6.09)

(2.68, 4.05)

θb

(0.97, 6.09)

(2.66, 4.86)

Table 2: The game induced by

f 00

for

(θb , θs ) = (θb , θs ).

(πb , πs )

θs

θs

θb

(2.68, 2.65)

(2.68, 3.73)

θb

(0.97, −5.79)

(2.66, 3.73)

Table 3: The game induced by

f 00

for

(θb , θs ) = (θb , θs ).

(πb , πs )

θs

θs

θb

(3.41, 6.09)

(3.24, 4.05)

θb

(3.43, 6.09)

(3.43, 4.86)

Table 4: The game induced by

f 00

for

(θb , θs ) = (θb , θs ).

(πb , πs )

θs

θs

θb

(3.41, 2.65)

(3.24, 3.73)

θb

(3.43, −5.79)

(3.43, 3.73)

E.2 Choice data T3

Buyer
Game induced by
T3

locally externality-free
mechanism

f 00

Seller

θb

θb

θs

θs

for

(θb , θs )

63

0

62

1

f 00 for

(θb , θs )

63

0

0

63

f 00 for

(θb , θs )

1

62

63

0

f 00 for

(θb , θs )

7

56

0

63
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E.3 Normal form games which are induced by the Mirrleesian mechanism
The game induced by the Mirrleesian mechanism for

(ω1 , ω2 ) = (ωl , ωl ).

(U1 , U2 )

ωl

ωh

ωl

(3.26, 3.26)

(3.26, 1.99)

ωh

(1.99, 3.26)

(1.99, 1.99)

The game induced by the Mirrleesian mechanism for

(ω1 , ω2 ) = (ωl , ωh ).

(U1 , U2 )

ωl

ωh

ωl

(3.26, 3.70)

(3.26, 3.72)

ωh

(1.99, 3.70)

(1.99, 3.72)

The game induced by the Mirrleesian mechanism for

(ω1 , ω2 ) = (ωh , ωl ).

(U1 , U2 )

ωl

ωh

ωl

(3.70, 3.26)

(3.70, 1.99)

ωh

(3.72, 3.26)

(3.72, 1.99)

The game induced by the Mirrleesian mechanism for

(ω1 , ω2 ) = (ωh , ωh ).

(U1 , U2 )

ωl

ωh

ωl

(3.70, 3.70)

(3.70, 3.72)

ωh

(3.72, 3.70)

(3.72, 3.72)

E.4 Normal form games which are induced by the Piketty mechanism
The game induced by the Piketty mechanism for

(ω1 , ω2 ) = (ωl , ωl ).

(U1 , U2 )

ωl

ωh

ωl

(2.32, 2.32)

(3.98, 1.04)

ωh

(1.04, 3.98)

(2.94, 2.94)

The game induced by the Piketty mechanism for

(ω1 , ω2 ) = (ωl , ωh ).

(U1 , U2 )

ωl

ωh

ωl

(2.32, 3.06)

(3.98, 3.08)

ωh

(1.04, 4.38)

(2.94, 4.40)

The game induced by the Piketty mechanism for

(ω1 , ω2 ) = (ωh , ωl ).

(U1 , U2 )

ωl

ωh

ωl

(3.06, 2.32)

(4.38, 1.04)

ωh

(3.08, 3.98)

(4.40, 2.94)

The game induced by the Piketty mechanism for

(ω1 , ω2 ) = (ωh , ωh ).

(U1 , U2 )

ωl

ωh

ωl

(3.06, 3.06)

(4.38, 3.08)

ωh

(3.08, 4.38)

(4.40, 4.40)
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E.5 Choice data T4 and T5

Individual

T4

Mirrleesian
approach
T5

Piketty's
approach

1

Individual

2

Game induced by

ωl1

ωh1

ωl2

ωh2

(ωl , ωl )

62

1

62

1

(ωl , ωh )

62

1

2

61

(ωh , ωl )

2

61

62

1

(ωh , ωh )

2

61

2

61

(ωl , ωl )

57

6

55

8

(ωl , ωh )

60

3

14

49

(ωh , ωl )

7

56

61

2

(ωh , ωh )

2

61

9

54

52

