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Abstract
One persistent finding in experimental economics is that people react very
differently to outcomewise identical situations depending on the procedures
which have led to them. In accordance with this, there exists a broad consensus
among psychologists that not only expected outcomes shape human behavior,
but also the way in which decisions are taken. Economists, on the other hand,
have remained remarkably silent about procedural aspects of strategic interactions. This paper provides a game theoretic framework that integrates procedural concerns into economic analysis. Building on Battigalli and Dufwenberg
(2005)’s framework of dynamic psychological games, we show how procedural
concerns can be conceptualized assuming that agents are (also) motivated by
belief-dependent psychological payoffs. Procedural choices influence the causal
attribution of responsibilities, the evaluation of intentions and the arousal of
emotions. Two applications highlight the impact and importance of procedural
concerns in strategic interactions.
Keywords: Psychological Game Theory, Procedural Concerns, Reciprocity,
Guilt Aversion
JEL Classification: D01, C70
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Introduction

One persistent finding in experimental economics is that people react very differently to outcomewise identical situations depending on the procedures which have
led to them [e.g. Blount (1995), Falk et al (2000), Charness (2004), Brandts et al
(2006), Charness and Levine (2007)]. For example, Charness and Levine (2007) experimentally analyze workers’ reactions to pay decisions by firms following different
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wage-setting procedures.1 They find that the process leading to a specific wage affects
the workers’ effort choice. Given the same wage, workers choose significantly more
often low effort when the wage-setting process reveals less-good intentions by firms
compared to situations in which intentions are perceived as good. In the same spirit,
Brandts et al (2006) show that selection procedures matter in a three-player game in
which one player has to select one of the other players to perform a specific task.2
In their experiment selected players behave very differently in their subsequent tasks
depending on the type of procedure which was used to select them. They suggest
that people exhibit procedural concerns because selection procedures affect the beliefs
that people hold about each others’ intentions and expectations which subsequently
influence their behaviors.
This paper provides a game theoretic framework that integrates procedural concerns into economic analysis. Building on Battigalli and Dufwenberg (2005)’s dynamic
psychological games, we show how procedural concerns can be conceptualized assuming that agents are (also) motivated by belief-dependent psychological payoffs. Our
paper consist of three building blocks: a class of procedural games in which agents
choose for procedures rather than for actions as traditionally assumed in game theory, agents with belief-dependent utilities as defined by Battigalli and Dufwenberg
(2005) and a solution concept, sequential psychological equilibrium. Using these three
building blocks we show how procedural choices influence the causal attribution of
responsibilities, the evaluation of intentions and the arousal of emotions.
Among psychologists there exists by now a broad consensus that not only expected
outcomes shape human behavior, but also the way in which decisions are taken [e.g.
Thibaut and Walker (1975), Lind and Tyler (1988), Collie et al (2002), Anderson and
Otto (2003) and Blader and Tyler (2003)]. Prominent examples of areas in which
procedures have been found to play an eminent role are workplace relations and the
public acceptability of policies and laws. Psychologists have found evidence that behavioral reactions to promotion decisions, bonus allocations, dismissals etc. strongly
depend on the perceived fairness of selection procedures [e.g. Lemons and Jones
(2001), Konovsky (2000), Bies and Tyler (1993), Lind et al (2000) and Roberts and
Markel (2001)] and that public compliance with policies and laws strongly depends
on the perceived fairness of their enforcement procedures [e.g. Tyler (1990), Wenzel
(2002), Murphy (2004), De Cremer and van Knippenberg (2003) and Tyler (2003)].
1

In their experiment firms have to choose between either a low ($4) or a high ($8) wage. Following
the firm’s decision, this wage is either decreased or increased by $2 depending on a stochastically
determined (i.e. flip of a coin) economic condition which can either be good or bad. After the
revelation of the economic condition, the workers have to choose their effort level: low, medium or
high. The flip of the coin introduces the possibility to compare to different intentional states that
represent two different ways through which the same wage, i.e. $6, is determined: i) good intentions:
high wage coupled with bad economic condition and ii) less-good intentions: less costly low wage
coupled with good economic condition.
2
Two different treatments are studied which differ with regard to the selection procedure. In
both treatments the task of the selected player is to choose between two different payoff allocations
determining the payoff of all three players.
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Psychologists explain the impact of procedures on human interactions with the
help of attribution theory [e.g. Heider (1958), Kelley (1967), Kelley (1973), Ross
and Fletcher (1985)]. Attribution theory assumes that people need to infer causes
and assign responsibilities for why outcomes occur. It is argued that especially when
outcomes are unfavorable and perceptions of intentions are strong, there is a tendency
to assign responsibility for outcomes to people. The assignment of responsibility and
blame in turn has been shown to affect the occurrence and intensity of emotions like
disappointment, guilt, anger and aggression [Blount (1995)]. To exemplify, imagine a
workplace situation in which a principal wants to promote one out of two agents. If
he chooses to take the decision on who is to be promoted intransparently, e.g. behind
closed doors, agents are driven to attach a high degree of responsibility for the outcome
to the principal. His choice is interpreted as intentional, which fosters perceptions of
favoritism. If, by contrast, the principal uses a transparent procedure which credibly
shows that the decision is based on an unbiased criterion, i.e. a criterion which a priori
ensures that both agents have the same chance to be promoted, the principal is not
blamed for the final outcome. Hence, if the agents care about intentions their reaction
to the same promotion decision will differ depending on the promotion procedure used
by the principal. Hence, according to the psychological literature procedures influence
the responsibility that people have for specific outcomes, they mitigate the evaluation
of intentions and subsequent behaviors.
Notwithstanding the experimental and psychological evidence and the fact that
e.g. workplace relations also play an eminent role in the economic literature, traditional economic theory has remained remarkably silent about the impact of procedures
on human behavior. Only three recent economic papers have started to theoretically
address the issue of procedural concerns [Bolton et al (2005), Trautmann (2006),
Krawczyk (2007)]. In contrast to the psychologists’ view, however, they all extend
models of distributional preferences to account for the impact of procedural choices
on strategic interactions. Bolton et al (2005) and Krawczyk (2007)’s models are based
on the theory of inequity aversion by Bolton and Ockenfels (2000). Trautmann, on
the other hand, builds on Fehr and Schmidt (1999)’s model of social concerns. All
three take a similar approach suggesting that the experimental evidence on procedural concerns can be accounted for when agents’ utilities depend on expected outcome
differences ex ante as well as ex post to any outcome realization.
As indicated in the beginning, Brandts et al (2006) and Charness and Levine
(2007) follow the the psychologists’ view. They argue that intention-based models,
e.g. models of reciprocity and guilt aversion, rather than distributional preferences,
explain the experimental evidence on procedural concerns.
Economic theory has widely neglected emotions and intentions as these issues
are difficult to reconcile with the traditional presumption of stable consequentialist
preferences. Spurred by experimental findings, economists have only recently started
to look at the impact of belief-dependent motivations on strategic interactions. Departing from the strictly consequentialist tradition in economics e.g. Geanakoplos
et al (1989) and Battigalli and Dufwenberg (2005) have developed a framework to
3

analyze the strategic interaction of agents with belief-dependent motivations: psychological game theory. Roughly speaking, psychological games are games in which
agents are (also) motivated by belief-dependent psychological payoffs capturing their
emotional involvement. Emotions depend on beliefs about intentions [Elster (1998)].
Geanakoplos et al (1989) concentrate on games in which only agents’ initial beliefs
matter, whereas Battigalli and Dufwenberg (2005) develop a dynamic framework in
which agents update their beliefs about their own and the others’ intentions as games
unfold. Many types of emotions (e.g. regret, disappointment, guilt, reciprocity) have
already been formalized in the context of psychological games. Rabin (1993), Dufwenberg and Kirchsteiger (2004) and Falk and Fischbacher (2006), for example, analyze
the strategic interaction of agents that act reciprocally. Battigalli and Dufwenberg
(2006) look at the interaction of agents that feel guilt, i.e. that are guilt averse.
Although all of these models are able to explain observed behaviors in experiments in contradiction to classical assumptions about human conduct [e.g. Charness
and Dufwenberg (2006), Charness and Rabin (2002), Fehr and Gaechter (2000)],
none of them explores the role of procedural choices in the interaction of emotional
agents.3 Therefore, different from the existing literature on psychological games, in
this paper we concentrate on the impact of procedural choices on the interaction of
agents with belief-dependent motivations. First, we show that procedural concerns
can theoretically be conceptualized assuming that agents are (also) incentivized by
belief-dependent psychological payoffs. As procedural choices affect the beliefs that
people hold and agents utilities are belief-dependent, emotional agents exhibit procedural concerns. Second, we show that the behavioral predictions of the already
existing literature on psychological games are sensitive to the availability of different procedures to take the same decision. In the existing literature on psychological
games it is implicitly assumed that people can only use procedures that make them
fully responsible for the outcomes of their actions. In our procedural games people
can choose between different procedures to take the same decision. As will be seen,
this leads to different equilibrium predictions compared to the existing literature on
psychological games. In another paper [Sebald (2007)] it was already shown how procedural concerns affect the strategic interaction of reciprocal agents. Sebald (2007),
thus, is an application of the general framework presented here.
Our work is related to the (experimental) literature on the impact of institutions
on human interaction [North (1991), Bowles (1998), Bohnet (2006), Bohnet (2007)].
In this literature institutions are commonly defined as humanly devised rules of the
game that structure political, economic and social interactions. The argument is
that institutions create and direct incentives, affect preferences, provide information
on processes leading to certain outcomes and allow people to make inferences about
others’ motivations [Bohnet (2006)]. Bohnet and Zeckhauser (2004) and Hong and
Bohnet (2005), for example, experimentally investigate the effect of causal attribu3
Following Elster (1998), throughout the paper we will sometimes refer to agents with beliefdependent psychological payoffs as emotional agents.
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tion in different institutional settings. They analyze the first-mover behavior in two
closely related but different institutional environments, a binary-choice trust and a
binary-choice risky dictator game.4 Participants act differently in the two settings
suggesting that people dislike being betrayed by others more than losing a lottery.
This implies that there is an additional psychological factor influencing the strategic
interaction related to the causal attribution of responsibilities [Bohnet (2006)]. In line
with this, our methodological approach sheds light on the hidden relation connecting the information on procedures entailed in institutions and the process of causal
attribution. Our work suggests that the process information entailed in institutions
creates the possibility for causal attribution and directs it in such a way that people
are only held accountable for what they are actually responsible.
The organization of the paper is as follows: In the next section we formally define procedures and characterize a class of procedural games in which agents choose
procedures rather than actions and strategies. In section 3 we study the impact
of procedures on the behavior of emotional agents. More precisely, we characterize
agents with belief-dependent psychological payoffs in the context of our class of procedural games and provide a first example of the impact of procedural choices on
their strategic interactions. In section 4 we develop the concept sequential psychological equilibrium for our procedural games with psychological incentives. Finally,
we discuss two applications that highlight the impact and importance of procedural
concerns in strategic interactions of reciprocal and guilt averse agents.

2

Procedures and Procedural Games

In this section we proceed in two steps. First, we intuitively sketch our methodological
approach with the help of two examples. In a second step we formally define the
concept of procedures and fully characterize our class of procedural games in which
agents do not choose actions and strategies, as usually assumed in game theory, but
procedures. This class of multi-stage games is used in the subsequent sections to
capture and analyze the impact of procedural choices on the strategic interaction of
agents with belief-dependent utilities.
As a starting point consider games Γ1 and Γ2 in Figure 1 and 2:
[Figure 1 and 2 here]
The sole difference between games Γ1 and Γ2 is that in Γ2 player 1 can choose (M )
on top of his pure actions (L) and (R). Player 1’s pure action (M ), however, is nothing
4

In both situations the first-mover has to decide between either an outside option or to let a
second-mover decide between two alternative payoff allocations. In the binary-choice trust game the
second-mover is another player. In the binary-choice risky dictator game, on the other hand, the
second-mover is chance reducing the role of the second player to being a dummy. It is found that
first-movers act differently if the responder is the other player compared to the situation in which
chance acts as the second-mover.
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Figure 1: Game Γ1
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Figure 2: Game Γ2
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else than choosing an explicit randomization device, (0), assigning probabilities α2
and (1 − α2 ) to his pure actions (L) and (R) respectively. Flipping a coin constitutes
such an explicit randomization device, for example. It assigns the probability 12 to
both pure actions (L) and (R). Obviously, flipping a coin is just one way in which a
decision can be taken. In reality, one usually disposes of many different credible ways.
Consider, for example, the workplace situation sketched in the introduction. The
principal could take the promotion decisions by organizing a promotion tournament
using an objective evaluation criterion. Given that both agents are identical, i.e. are
equally skilled, and this is commonly known, this would induce a commonly known
probability distribution over the set of pure actions giving both agents an equal
chance to be promoted. Note that we distinguish between explicit, i.e. credible,
randomizations which are observed by all players and implicit randomizations, i.e.
behavioral strategies. The choice (M ) of player 1 in game Γ2 is a pure choice for
an explicit randomization device and it differs from player 1 choosing a behavioral
strategy in game Γ1 which implicitly randomizes over his pure actions (L) and (R)
without the others observing the random draw.
But not only choices like (M ) can be formalized as choices for explicit randomization devices. Taking the thought about the credible ways to the extreme shows
that also pure actions like (L) and (R) can equally be defined as choices for explicit
randomization mechanisms. Imagine, for example, that player 1 in Γ1 and Γ2 chooses
his pure action (L). This is equivalent to saying that player 1 chooses for chance to
take the decision between (L) and (R) assigning probability 1 to his pure action (L).
Hence, although (L) represents a pure action, it can nevertheless be reinterpreted in
a way in which the decision is indirectly taken by chance randomizing with a degenerated probability distribution over the set {(L) , (R)}. This shows that in our two
examples, Γ1 and Γ2 , any choice for a pure action, i.e. (L) and (R), and any choice
for an explicit randomization mechanism, i.e.(M ), can likewise be reinterpreted as
a choice for an explicit randomization device through which the actual decision is
subsequently taken by chance.
Consider, for example, game Γ3 in Figure 3, which is a restatement of game Γ2 in
the spirit of this intuition:5
[Figure 3 here]
As one can see, in Γ3 we reformulate all strategic choices of game Γ2 into choices for
explicit randomization mechanisms through which decisions are subsequently taken.
In game Γ2 player 1 can decide between (L), (M ) and (R). Equivalently, in game
0
00
Γ3 he has to decide between the explicit randomization devices ω1,h0 , ω1,h
0 and ω1,h0
in the initial history h0 . First, by choosing ω1,h0 he decides to let chance take the
decision between (L) and (R) assigning probability 1 to (L), i.e. ρ(L) = 1. Second, by
0
choosing ω1,h
0 he decides to let chance take the decision between (L) and (R) assigning
probability α2 to (L), i.e. ρ(L) = α2 , and (1 − α2 ) to (R), i.e. ρ(R) = (1 − α2 ).
5

Note, actions that are played by player chance with probability 0 are disregarded in Figure 3.

7

h0

1

Z1,h

Z ''1,h

0

Z '1,h

0

U L

0

0

0

U R

1

2

1

2
h4

Z2,h

Z '2,h

1

Z2,h

1

0

0

U l

U r

1

U l '''

1

0

D2

U r '''

1

§0·
¨ ¸
©0¹

U R

1 D2

h2

h3

2

Z2,h

2

Z '2,h

2

U l'

Z2,h

2

0

0

§1800 ·
¨
¸
© 200 ¹

1

§ 200 ·
¨
¸
©1800 ¹

§0·
¨ ¸
©0¹

U L

4

0

0

§1800 ·
¨
¸
© 200 ¹

h1

Z '2,h

4

1

U r'

Z '2,h

3

0

0

U l"

1

§ 200 ·
¨
¸
©1800 ¹

§0·
¨ ¸
©0¹

Figure 3: Game Γ3
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Finally, by choosing ω1,h
0 he decides to let chance take the decision between (L) and
(R) assigning probability 1 to (R), i.e. ρ(R) = 1. In all these three cases player 1
only determines how chance subsequently takes the decision, rather then taking the
decision himself.
Hence, despite the equivalence between games Γ2 and Γ3 , an interpretive difference
exists. Choosing for an explicit randomization mechanism implies that players do not
take decisions themselves. They merely determine how decisions are taken by chance.
In other words, players decide about the procedures which are used to take decisions.
The example in Figure 3, thus, uncovers that strategic decision making is not only
about choosing actions but also about how actions are chosen. For this reason we
call game Γ3 a procedural game.
This brings us to the formal definition of our class of procedural games. Formally,
let the set of players be N = {0, 1, ..., N } where 0 denotes the uninterested player
chance. Denote as H the finite set of histories h, with the empty sequence h0 ∈ H,
and Z the set of end nodes. Histories h ∈ H are sequences that describe the choices
that players have made on the path to history h. We assume that only one player
moves after each non-terminal history. Hence, the set of histories H\{Z} can be
partitioned into sets Hi , with i ∈ N . At each non-terminal history h ∈ Hi after
which player i ∈ N \ {0} has to move he disposes of a finite set of feasible actions
denoted by Ai (h) and a finite set of explicit randomization devices denoted by Ωi (h)
through which he can indirectly choose an action from Ai (h). In fact, as already
suggested in example Γ3 , in our procedural games players i ∈ N \ {0} do not choose
actions ai,h ∈ Ai (h) directly, but choose explicit randomization mechanisms, denoted
by ωi,h ∈ Ωi (h), through which a decision is indirectly taken by chance. The choice
for a specific explicit randomization device ωi,h in history h by player i ∈ N \ {0}
determines the explicit probability distribution ρ0,h0 with which chance takes the
actual decision in the following history h0 = (h, ωi,h ). Hence, any history h controlled
by a player i ∈ N \ {0} is succeeded by a history h0 controlled by player 0. More
formally, if player i 6= 0 chooses ωi,h in history h with length x, then player 0 takes a
decision a0,h0 in history h0 = (h, ωi,h ) of length x + 1 explicitly randomizing with the
probability distribution ρ0,h0 over the set A0 (h0 ) = Ai (h).6
To exemplify, the choice for a pure action (e.g. (L) in Γ2 ) translates in our
procedural game into a choice for an explicit randomization mechanisms ωi,h that is
associated with a degenerated probability distribution ρ0,h0 which assigns probability
1 to the pure action ai,h in the set of possible actions A0 (h0 ) = Ai (h). The choice for
an explicit randomization device like e.g. (M ) in Γ2 ), on the other hand, is a choice for
0
an explicit randomization mechanism, ωi,h
, that is associated with a non-degenerate
0
probability distribution ρ0,h0 defined on A0 (h0 ) = Ai (h).
This means, player chance essentially plays a commonly known, i.e. explicit,
mixed strategy ρ0 = (ρ0,h )h∈H0 which specifies for each history h ∈ H0 that he
6

Note that the length of a history corresponds to the number of choices that are contained in
that history.
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controls a behavioral strategy ρ0,h according to which an action a0,h is chosen from
A0 (h). Consequently, one can denote as ρ0 (s0 |h) the probability with which player
0 plays the pure strategy s0 = (a0,h )h∈H0 conditional on history h.
Intuitively, as players only decide on how decisions are taken, they only decide on
the procedures, which are used to take them. This brings us to a formal definition of
procedures:
Definition 1 A procedure, ωi,h ∈ Ωi (h), for player i ∈ N \ {0} in history h ∈ Hi is
a tuple:7
hρ0,h0 , A0 (h0 )i ,
where h0 = (h, ωi,h ) and ρ0,h0 is an explicit probability distribution defined on A0 (h0 ) =
Ai (h).
For a given set of procedures Ωi (h), the associated set of explicit probability
distributions is denoted by Pi (h) = {ρ0,h0 | ωi,h ∈ Ωi (h)}. The minimum number of
procedures that a player i ∈ N \ {0} can decide between in any history h controlled
by him equals the number of pure actions that he has in the traditional extensive
form representation.
We define a procedural strategy for player i ∈ N \ {0} as a collection that specifies
a procedure for each history h ∈ Hi after which player i moves, ωi = (ωi,h )h∈Hi , where
ωi,h is the procedure that would be selected by player i if h occurred. It is assumed
that all players learn the outcome of a procedure directly after its realization and
perfect recall holds.
Let Ωi = ×h∈Hi Ωi (h) and Ω = ×N \{0} Ωi . Given a procedural strategy, ωi ∈ Ωi for
each player i ∈ N \ {0} and the commonly known system of probability distributions,
P = ∪i∈N \{0} Pi , where Pi = ∪h∈H Pi (h), we can compute a probability distribution
over end nodes. By assigning payoffs to end nodes, we can derive an expected payoff
function, πi : Z × P → <, for every player i ∈ N \ {0} which depends on what
procedural profile, ω ∈ Ω is played. In what follows, we assume that payoffs are
material payoffs like money or any other measurable quantity of some good.
Summarizing:
Definition 2 A procedural game is a tuple:
D
E
Γ = N , Ω, (πi : Z × P → <)N \{0} .
This concludes the definition of procedures and the characterization of our class
of procedural games which is the basis for our subsequent analysis. Starting from two
7

In example Γ3 procedures are used to choose pure actions. We do not exclude, however, the
possibility that players use procedures to choose between procedures and procedures that choose
between procedures that choose between procedures etc. Procedures, ωi,h ∈ Ωi (h), rather have to
be understood as reduced procedures. The explicit probability distribution associated with a reduced
procedure, ρ0,h0 ∈ Pi (h), basically subsumes the probability distributions of procedures of all levels
into one explicit distribution indirectly defined on Ai (h).
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simple examples, i.e. Γ1 and Γ2 , we have formalized the idea that players choose for
procedures rather than actions. In this way we have separated choices for procedures
and actual decisions. In the remainder of the paper we use this class of procedural
games in order to isolate the impact of procedural choices on the strategic behavior
of agents with belief-dependent utilities.

3

Procedural Games with Psychological Incentives

It is easy to see that if agents are only interested in their own expected material
payoff, the set of all subgame perfect equilibria of two identical subgames is the same.
Looking again at game Γ3 in Figure 3, for example, this means that players are
expected to react the same in histories h1 and h2 . However, as already mentioned in
the introduction, there exists ample evidence contradicting this traditional behavioral
presumption. People very often react differently in outcomewise identical situations
depending on the procedures which have led to them. Following the psychologist’s
view procedural choices affect peoples’ beliefs about intentions. Hence, if people are
(also) motivated by belief-dependent psychological payoffs, they exhibit procedural
concerns. To conceptualize this idea, in this section we define procedural games
in which agents have belief-dependent psychological incentives. This will allow us
to formally capture the impact of procedural choices on the strategic behavior of
emotional agents.
Economists have only recently developed a framework, i.e. psychological game
theory, to formally account for behavioral traits such as emotions and intentions [e.g.
Geanakoplos et al (1989) and Battigalli and Dufwenberg (2005)]. Psychological games
are games in which agents are (also) motivated by belief-dependent psychological
payoffs capturing their emotional involvement. Psychological payoffs arise from the
beliefs that agents have about their opponents’ strategies and beliefs. Therefore let
agents have:
i) beliefs about the strategies of other players,
ii) beliefs about the beliefs of other players,
and
iii) let them update their beliefs as events unfold.
In order to formally capture assumptions i)-iii), we have to define an epistemic structure (collectively coherent hierarchies of beliefs) which describes what people initially
belief and how they update their beliefs as play unfolds. This epistemic structure
can be characterized in the context of our procedural games by assuming that players
hold hierarchies of conditional beliefs over the procedural strategies as well as beliefs
of other players i ∈ N \ {0}.

11

As in Battigalli and Dufwenberg (2005) we only summarize the theory of hierarchies of conditional beliefs.8 We describe, first, a system of conditional first-orderbeliefs and then, secondly, show how this extends to higher orders (i.e. second-orderbeliefs etc). In our class of procedural games denote by Ω−i the set of procedural
strategies of the opponents j where j ∈ N \ {0, i}. At the beginning of any game, i.e.
in the initial history h0 , player i does not know the true procedural strategies of his
opponents. He only learns the true strategy ω−i ∈ Ω−i step-by-step by updating his
beliefs as the game unfolds. More formally, player i assigns probabilities to the events
in the Borrel sigma algebra B of Ω−i according to some probability measure. Let
∆ (Ω−i ) be the set of all such probability measures. Denote C ⊆ B the set of potential
conditioning events at which player i can update his beliefs. In other words, C is the
set of potentially observable events. Player i holds probabilistic beliefs about his opponents’s procedural strategies conditional on each event F ∈ C. These probabilistic
beliefs are captured in a conditional probability system (cps).
From Battigalli Dufwenberg (2005) consider the following definition:
Definition 3 A conditional probability system (cps) is a function µ (·|·) : B × X →
[0, 1] defined on (X, B, C) such that for all E ∈ B and F 0 , F ∈ C:
1. µ (·|·) ∈ ∆ (X),
2. µ (F |F ) = 1,
3. E ⊆ F 0 ⊆ F implies µ (E|F ) = µ (E|F 0 ) µ (F 0 |F ),
where X is a set, e.g. Ω−i , whose ‘true’ element x ∈ X is initially unknown and only
learned step-by-step as conditioning events, e.g. F ∈ C, are reached.
Concentrating, first, on beliefs of order 1 means X = Ω−i . The first two conditions
of definition 3 ensure that µ (·|F ) is indeed a probability measure (i.e. µ (·|F ) ∈
∆ (X)) which puts all probability weight on F given that F is observed. Condition
3 ensures that players update their beliefs according to Bayes’ rule. The set of all
functions µ for which conditions 1-3 hold is denoted by ∆H (X). Hence, ∆H (Ω−i ) is
the set of all conditional probability systems of order 1 of player i.
Definition 3 can easily be extended to higher-order-beliefs. In the construction of
the first-order cps we start from an initial situation in which player i does not know
the true procedural strategy of his opponents. He has a conditional first-order-belief
over it which is updated as play unfolds. Analog to this, in the construction of a
second-order-belief we start from an initial situation in which player i does not know
the true procedural strategy and the true conditional first-order-belief of players −i.
Hence, the relevant set X in definition 3 becomes:
Y
X = Ω−i ×
∆H (Ω−j ) ,
j6=i
8

For topological details, proofs and further references see Brandenburger and Dekel (1993) and
Battigalli and Siniscalchi (1999).

12

where i, j ∈ N \ {0} and ∆H (Ω−j ) is the set of conditional first-order cps of player j.
The resulting conditional probability system does not only represent player i’s belief
about the strategy of players −i, but also about their first-order-beliefs.
Generalizing this idea, first- and higher-order cps are defined recursively as follows.
Let:
0
X−i
= Ω−i , where i ∈ N \ {0} ,
Y
¡ k−1 ¢
k−1
k
X−i
= X−i
×
∆H X−j
, where i ∈ N \ {0} and k = 1, 2, ... .
j6=i

¡ k−1 ¢
Then, a cps µki ∈ ∆H X−i
is called a k-order cps or simply a k-order belief. For
k
k > 1, µi is a joint cps on the opponents’ strategies and (k − 1)-order cps’, i.e.:
¡ 0 ¢
0
= Ω−i ,
where X−i
µ1i ∈ ∆H X−i
¡ 1 ¢
2
H
1
µi ∈ ∆ X−i where X−i = Ω−i × ∆H (Ω−j ) ,
¡ 2 ¢
¡
¢
2
µ3i ∈ ∆H X−i
where X−i
= Ω−i × ∆H (Ω−j ) × ∆H Ω−j × ∆H (Ω−i ) etc. .
This brings us to the formal definition of hierarchies of cps’:9
Definition 4 A hierarchy of cps is a countably infinite sequence of cps’:
¡
¢ Y H ¡ k−1 ¢
∆ X−i .
µi = µ1i , µ2i , ... ∈
k>0

As one can see, each piece of information appears many times in the belief hierarchy of player i. This implies that one can calculate marginal beliefs of higherorder-beliefs. As also Geanakoplos et al (1989) point out, these marginal beliefs of
higher-order-beliefs should coincide with lower-order-beliefs in the belief hierarchy for
the hierarchy to be meaningful. In other words beliefs should be coherent. We say a
hierarchy of cps’ is coherent if the cps’ of distinct orders assign the same conditional
probabilities to lower-order-events. This means,
µki (·|h) = margX k−1 µk+1
(·|h) (k = 1, 2, ...; h ∈ H),
i
−i

where margX k−1 µk+1
(·|h) is the event of order k−1 in the cps of order k+1, µk+1
(·|h).
i
i
−i
If this condition holds, player i is said to have a coherent conditional belief system.
It can be shown that a coherent hierarchy of cps’ induces a single cps νi on the
cross product of Ω−i and the sets of hierarchies of cps’ of i’s opponents −i. Note,
however, coherency regarding the own beliefs does not exclude the possibility that
the cps νi puts a positive probability on the opponents incoherence. But as players
are rational they should not believe that their opponents entertain incoherent beliefs.
Hence, in order to rule this out, say that a coherent hierarchy µi satisfies belief in
9

See also Battigalli and Dufwenberg (2005), p. 13.
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coherency of order 1 if the induced cps νi is such that each νi (·|h) with h ∈ H assigns
probability one to the opponents’ coherence of order 1. The hierarchy of coherent
beliefs µi satisfies belief in coherency of order k, if it satisfies belief in coherency of
order k − 1, µi is collectively coherent, if it satisfies belief in coherency of order k
for each positive integer k.10 We denote the set of collectively coherent hierarchies of
beliefs of player i Q
by Mi . The set of collectively coherent beliefs of the opponents −i
is M−i and M = j∈N \{0} Mj .
Finally, as the probability distributions associated with the moves of the player
chance, i.e. player 0, are commonly known, nobody faces any uncertainty with regard
to his true type. In other words, players do not learn the true strategy of player 0
over the course of the game, as it is ex ante commonly known. As will be seen in the
Example presented below, this is crucial in the context of our procedural games. As
the mixed strategy, ρ0 , of the player chance is commonly known, causal attribution
is linked to procedural choices and not to outcomes.
To come to full circle, belief-dependent utilities are utilities that are not only
defined on monetary outcomes, but also on collectively coherent hierarchies of beliefs
and the commonly known probability distributions associated with the moves of the
player chance:
Definition 5 A belief dependent utility u of player i is a function:
ui : Z × P × Mi × Πj6=i (Ωj × Mj ) → <.
As mentioned in the introduction, strategic interactions with belief-dependent utilities have so far only been analyzed in traditional dynamic decision contexts, i.e.
traditional extensive form representations, (e.g. Dufwenberg and Kirchsteiger (2004),
Falk and Fischbacher (2006), Battigalli and Dufwenberg (2006)). Definition 5 represents an adaptation of these earlier approaches to our class of procedural games in
which agents choose procedures rather than actions and strategies. In order to get a
first impression of the impact of procedural choices on the interaction of emotional
agents consider the following example:
Example: Assume that players 1 and 2 in game Γ3 are reciprocal. This means they
react kindly (unkindly) if they perceive the other to be kind (unkind). As we only
want to give a first glimpse of the importance of procedures, we concentrate in this
example on the perception that player 2 has about the kindness of player 1 in the
histories h1 and h2 . As said before, histories h1 and h2 are starting points of identical
subgames.
Following Dufwenberg and Kirchsteiger (2004) the perceived kindness of player 2
in h1 and h2 can be defined as:
¢
¡
¢
¡
λ212 = π2 µ12 (·|hx ) , µ22 (·|hx ) , ρ0 − π2e1 µ12 (·|hx ) , µ22 (·|hx ) , ρ0 ,
10

See also Battigalli and Dufwenberg (2005), p.13.
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where x ∈ {1, 2} and
© ¡
¢
ª
1h
π2e1 (·) = max π2 µ12 (·|hx ) , µ22 (·|hx ) , ρ0 , ω1 ∈ Ω1
2
© ¡
¢
ªi
+ min π2 µ12 (·|hx ) , µ22 (·|hx ) , ρ0 , ω1 ∈ Ω1 .
The perceived kindness λ212 is defined as the difference between what player 2 believes
player 1 intends to give him, π2 (·) (conditional on history hx and given player 2’s firstand second-order-beliefs, µ12 and µ22 , and the mixed strategy of the player chance, ρ0 )
and an equitable payoff, π2e1 . Dufwenberg and Kirchsteiger (2004) define the equitable
payoff, π2e1 , as the average of the minimum and the maximum that player 2 believes
player 1 could give him (again conditional on history hx and given player 2’s firstand second-order-beliefs, µ12 and µ22 , and the mixed strategy of the player chance, ρ0 ).
Assume, for example, that α2 = (1 − α2 ) = 12 and imagine that player 2 believes
that player 1 believes that he plays left in all the histories that he controls, i.e.
histories h1 , h2 , h3 and h4 . Given this, player 2 has to believe that player 1 intended
to give him a material payoff of
¡ ¡
¢
¡
¢
¢
π2 µ12 ·|h1 , µ22 ·|h1 , ρ0 = 200,
if he finds himself in history h1 after player 1 has chosen procedure ω1,h0 . In contrast
to this, if player 2 finds himself in history h2 he has to believe that player 1 intended
to give him:
¡ ¡
¢
¡
¢
¢ 1
1
π2 µ12 ·|h2 , µ22 ·|h2 , ρ0 = (200) + (1800) = 1000,
2
2
0
by choosing procedure ω1,h
0 . The equitable payoff, on the other hand, is given by:

π2e1

i
1h
(·) = 200 + 1800 ,
2

where 200 is the minimum that player 2 believes player 1 could have given him in
00
history h0 (by playing ω1,h0 ) and 1800 is the maximum (by playing ω1,h
0 ). Putting the
pieces together, player 2’s perceived kindness in history h1 and h2 are respectively:
i
1h
λ212 (h1 ) = 200 − 200 + 1800 = −800,
2
i
1h
λ212 (h2 ) = 1000 − 200 + 1800 = 0.
2
Hence, although histories h1 and h2 are starting points of identical subgames,
they are perceived very differently by player 2 due to the different procedural choices
which have led to them. It is now easy to see that player 2 who is concerned about
the intentions of player 1 might react differently in histories h1 and h2 depending on
the strength of his reciprocal preferences. This gives a first idea of how procedural
15

choices influence the causal attribution of responsibilities and the strategic interaction
of emotional agents. ¥
Given our class of procedural games as defined in the previous section and the
belief-dependent utilities (Definition 5), we are now ready to define procedural games
with psychological incentives:
Definition 6 A procedural game with psychological incentives is a tuple:
D
E
ΓP = Γ, (ui )N \{0} where ui : Z × P × Mi × Πj6=i (Ωj × Mj ) → <.
Procedural games with psychological incentives are the framework which we use
to capture the impact of procedural choices on the interaction of psychologically motivated agents. Before presenting some applications, however, we subsequently adapt
Battigalli and Dufwenberg (2005)’s sequential equilibrium to our class of procedural
games with psychological incentives.

4

Sequential Psychological Equilibria in Procedural Games with Psychological Incentives

Battigalli and Dufwenberg (2005) adapt Kreps and Wilson (1982)’s concept of sequential equilibrium to their class of dynamic psychological games. They do so by
characterizing consistent assessments that do not only consist of first-, but also of
higher-order-beliefs and defining sequential equilibria as sequentially rational consistent assessments.
As in Battigalli and Dufwenberg (2005), also our equilibrium concept refers to
mixed strategies, i.e. implicit randomizations over sets of procedures. Note, however,
that, following Aumann and Brandenburger (1995), we interpret player i’s mixed
strategy as a conjecture on the part of his opponents as to what player i will do. Hence,
denote a behavioral procedural strategy of player i as σi = (σi,h )h∈Hi ∈ Σi , where Σi is
the set of all mixed strategies of player i. The behavioral choice σi,h ∈ Σi (h) in h has
to be understood as an implicit randomization over the set of procedures Ωi (h) in
history h and interpreted as an array of common conditional first-order-beliefs held
by i’s opponents.11 This means that the behavioral procedural strategy σi is part of
an assessment ((σ, ρ0 ), (µ, ρ0 )) = ((σi , ρ0 ), (µi , ρ0 ))i∈N \{0} of behavioral strategies and
hierarchies of conditional beliefs.
Three conditions ensure consistency of assessments in the original characterization
by Kreps and Wilson (1982):
1. Beliefs must be derived using Bayes’ rule,
2. Beliefs must reflect that players choose their strategies independently,
11

See Battigalli and Dufwenberg (2005), p.16.
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3. Players with identical information have identical beliefs.
In addition to these conditions, Battigalli and Dufwenberg (2005) add another requirement for consistency:
4. Players hold correct beliefs about each others beliefs.
Condition 1 holds by the definition of hierarchies of conditional belief systems (Definition 3). In other words, hierarchies of beliefs are defined in such a way that conditional
beliefs are consistent with Bayes’ rule. In order to formalize conditions 2-4 we first
need to define what is meant by stochastic independence. Note, the observability
of past actions allows us to define stochastic independence of the conditional belief
systems in terms of marginal cps’. Different to the concept of marginal beliefs used
in the previous section, a marginal cps now refers to player i’s marginal belief on
the procedural strategies of a particular player j and it is denoted as µ1ij ∈ ∆H (Ωj ),
where ∆H (Ωj ) is the set of marginal cps on the procedural strategies of player j.
Given this we can define stochastic independence of beliefs as:12
Definition 7 A first-order cps µ1i ∈ ∆H (Ω−i ) Q
satisfies stochastic independence, if
there exists a profile of marginal cps’ (µ1ij )j6=i ∈ j6=i ∆H (Ωj ) such that µ1i (ω−i |h) =
Q
1
j6=i µij (ωj |h) for all h ∈ Hi . We denote the set of stochastically independent firstorder cps’ of a player i as ∆H
I (Ω−i ).
This brings us to our definition of consistent assessments:
Definition 8 An assessment ((σ, ρ0 ), (µ, ρ0 )) is consistent if:
1. The first-order cps of each player satisfies stochastic independence as formalized
in Definition (7), i.e.:
∀i ∈ N \ {0} , µ1i ∈ ∆H
I (Ω−i ) .
2. The marginal first-order cps of any two players about any third player coincide,
i.e.:
∀i ∈ N \ {0} , ∀l ∈ N \ {i, j, 0} , ∀h ∈ H, µ1il (·|h) = µ1jl (·|h).
3. Each players higher order beliefs in µ assign probability 1 to the lower order
beliefs in µ itself:
∀i ∈ N \ {0} , ∀k > 1, ∀h ∈ H, µki (·|h) = µk−1
(·|h) × δµk−1 ,
i
−i

where δµk−1 is the probability measure which assigns probability 1 to µk−1
−i .
−i

12

See also Battigalli and Dufwenberg (2005)’s definition of stochastic independence, p. 17, and
their definition of sequential equilibrium, p.19.
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Conditions 1 and 2 capture the assumption that beliefs should be the end-product
of a transparent reasoning process of intelligent people [Battigalli and Dufwenberg
(2005)]. Condition 3, on the other hand, is analog to Geanakoplos et al (1989)’s
condition requiring that players hold common and correct beliefs about each others’
beliefs.
After having defined consistent assessments we can formally characterize sequential
psychological equilibria (henceforth: SPE) by requiring sequential rationality:
Definition 9 An assessment ((σ, ρ0 ), (µ, ρ0 )) is a sequential psychological equilibrium
(SPE), if for all i ∈ N \ {0} , h ∈ Hi it holds:
Supp (σi,h ) ⊆ argmaxωi,h ∈Ω(h) Eµ,ρ0 [ui |h, ωi,h ] ,
where Eµ,ρ0 [ui |h, ωi,h ] is the expected utility of player i conditional on history h, procedural choice ωi,h ∈ Ω (h) and given the system of hierarchies of conditional beliefs
µ and the commonly known mixed strategy, ρ0 , played by player 0.
Note, the expected utility of any player i ∈ N \ {0} (conditional on history h, procedural choice ωi,h ∈ Ω (h), given the system of consistent hierarchies of conditional
beliefs µ and the commonly known mixed strategy, ρ0 ) can be defined as:
X
X
µ1i (ω−i |h)
Eµ,ρ0 [ui |h, ωi,h ] =
ρ0 (s0 |h)
s0 ∈S0 (h)

X

ω−i ∈Ω−i (h)

µ1ji (ωi | (h, ωi,h , ω−i,h )) ui (ζ (ωi , ω−i , s0 ) , ρ0 , µ, ω−i ) ,

ωi ∈Ωi (h,ωi,h )

where ζ (ωi , ω−i , s0 ) ∈ Z denotes the terminal history induced by the procedural
strategies ωi and ω−i , and the strategy s0 of player 0. Note, this specification is
different from the expected utility formula traditionally used. Furthermore, it is also
different from the specification used by Battigalli and Dufwenberg (2005) as it encloses
the behavioral moves of the player chance.
The following proposition shows that there exists at least one sequential psychological equilibrium in any procedural game with psychological incentives and continuous
utility functions:
Proposition 1 If the utility functions are continuous, there exists at least one sequential psychological equilibrium assessment.
Proof: Consider a procedural game with psychological incentives in which any procedure at any history is played with a strictly positive minimal probability ε. More
formally, consider an ε-perturbed game Γε in which players i ∈ N \{0} dispose of
‘constrained’ choice sets Σεi (h) at each history h ∈ Hi . The ‘constrained’ choice set
Σεi (h) of player i in history h is defined as:
Σεi (h) := {τi,h ∈ Σi (h)|τi,h (ωi,h ) ≥ ε, ∀ωi,h ∈ Ωi (h)}.
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So Σεi (h) consists of only those elements in Σi (h) that put a strictly positive probability greater or equal to ε on all elements ωi,h ∈ Ωi (h), i.e. Σεi (h) ⊂ Σi (h). It follows
that in any Γε the set of strictly mixed procedural strategies of players i ∈ N \{0} is
Σεi = ×h∈Hi Σi ε (h) and the set of all strictly positive behavioral procedural strategy
profiles is Σε := ×i∈N \{0} Σεi . Note, for each σ ∈ Σε there exists a unique corresponding profile of hierarchies of cps’ µ = β(σ) such that ((σ, ρ0 ), (β(σ), ρ0 )) is consistent.
Now, define for σ ∈ Σε , ε > 0, i ∈ N \{0} and h ∈ Hi the local best-response of
player i in history h as:
ε
(σ) := {τ̂i,h ∈ Σεi (h)|ui (σi /τ̂i,h , σ−i , ρ0 ) ≥ ui (σi /τi,h , σ−i , ρ0 ), ∀τi,h ∈ Σεi (h)},
BRi,h

where σi /τi,h denotes the behavioral procedural strategy for player i that specifies
the strictly positive mixture τi,h at history h ∈ Hi and σi at every other history controlled by player i. In other words, local best-response-correspondences are strictly
mixed behavioral choices that put at least a minimum probability ε on each procedure ωi,h ∈ Ωi (h) given i’s choices in all other histories controlled by him and
given the behavioral procedural strategy of the opponents. The domain of the local
best-response-correspondence is Σε . The set Σε = Σε1 × Σε2 ... × ΣεN and each Σεi with
i ∈ N \{0} is defined as Σεi = ×h∈H Σεi (h). As said above, Σεi (h) is the set of all behavioral procedural strategies of player i at history h that put at least a strictly positive
probability ε on each procedure ωi,h ∈ Ωi (h). It is non-empty (because Ωi (h) is nonempty), compact and convex. Hence, also Σε is non-empty, compact and convex (because the Cartesian product of nonempty, convex and compact sets is itself nonempty,
ε
convex and compact). Furthermore, BRi,h
(σ) is upper-semi-continuous. Note, the
ε
local best-response-correspondence BRi,h (σ) is upper-semi-continuous, if for any sem
m
m
ε
m
m
quence (σi /τ̂i,h
, σ−i
) → (σi /τ̂i,h , σ−i ) such that σi /τ̂i,h
∈ BRi,h
(σi /τ̂i,h
, σ−i
) for all
ε
m ∈ {1, 2, ...}, we have σi /τ̂i,h ∈ BRi,h (σi /τ̂i,h , σ−i ). To see that this is indeed the case,
m
m
0
m
0
note that for all m, the u(σi /τ̂i,h
, σ−i
) ≥ u(σi /τ̂i,h
, σ−i
) for all σi /τ̂i,h
∈ Σεi . Hence, by
0
the continuity of the utility function, we have u(σi /τ̂i,h , σ−i ) ≥ u(σi /τ̂i,h
, σ−i ).
ε
Given the local best-response correspondence BRi,h (σ), the best-response correspondence BRε (σ) is defined as:
BRε = (τ̂i,h )h∈Hi ∧i∈N {0} .
This implies that also BRε : Σε → Σε is upper semi continues, compact and convex
and, hence, has a fixed point σ̂ ε . As already pointed out by Geanakoplos et al (1989),
the profile σ̂ ε constitutes an equilibrium of the constrained game Γε .
Now, let εk be a sequence converging to 0 and σ̂ k the corresponding sequence of
k
equilibrium assessments with σ̂ k being an equilibrium of Γε . By the compactness
of Σ, σ̂ k has an accumulation point σ ∗ and by the upper-semi-continuity of the local
∗
best-response-correspondents, BRhε (σ), σi,h
assigns positive probability only to those
∗
∗
actions that are best responses to (σ , β(σ ), ρ0 ) at h. Therefore ((σ ∗ , ρ0 ), (β(σ ∗ ), ρ0 ))
is a sequential equilibrium assessment. This concludes the proof. ¥
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Concluding, in this section we have formally defined sequential psychological equilibria in the context of our class of procedural games with psychological payoffs. Furthermore we have shown that every procedural game with psychologic incentives with
continues utility functions has at least one SPE. Using our solution concept we demonstrate in the following section the impact of procedural choices on the interaction of
psychologically motivated agents by means of two examples.

5

Applications

In the first application we analyze a principal-agent relation in which agents behave
reciprocally towards their principal. This application shows the impact that different
promotion procedures have on the interaction of psychologically motivated agents.
In the second application we analyze the ‘So long, Sucker’ game which has also
been discussed by Dufwenberg and Kirchsteiger (2004). Different to them, however,
we do not assume reciprocal behavior but guilt aversion. A full description of the
strategic interaction with all possible sequential psychological equilibria is beyond
the scope of this paper. We therefore limit the analysis to the characterization of
only one equilibrium per application to demonstrate the impact and importance of
procedural choices in the interaction of agents with belief-dependent utilities. Results
and intuitions are presented in this section, lengthy mathematical proofs are relegated
to the Appendix.
With the help of these two applications it is demonstrated i) how procedural
choices influence the interaction of agents with belief-dependent psychological payoffs
and ii) that the equilibrium predictions of the already existing literature using psychological games are sensitive to the availability of different procedures to take the
same decision.

5.1

A Principal-Agent Relation

Imagine a principal, p, with two agents, e1 and e2, that is offered a project, b. He
figures that in order to realize b he needs a project manager, pm, that is supported
in the final phase of the project by an assistant, a, within the realm of his normal
work. He knows that if both invest high effort, h, the project is a success, s, and
he gets a payoff of π (h, h) > 0. If one of them invests low effort, l, however, the
project will fail, f , and he will get a payoff of π (h, l) = π (l, l) < π (h, h). Let both
agents, e1 and e2, be equally skilled to perform either as project manager or assistant,
implying that both have the same effort costs equal to υ in case of high effort and 0
otherwise. Note that for simplicity we abstract in this principal-agent example from
the usual question regarding the optimal incentive scheme. We take wages as given
(e.g. due to a collective labor agreement) in order to single out the impact that the
selection procedure has on the effort choices of the reciprocal agents. It is assumed
that, in case of success, the principal pays w (pm|s) > w(a) to the project manager
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and w (a) < 12 ((w (pm|s) − υ) + (w (a) − υ)) to the assistant. On the other hand, in
case of failure both get w (pm|f ) = w (a). Let efforts be observable, which implies
that the assistant is aware of the project managers’s effort choice when choosing his
own effort level, as he only collaborates in the final phase of the project. Furthermore,
assume that the profits, π(·) minus the wage costs in case of a failure are 0 for the
principal and positive if the project is a success.
Remark 1 From the payment structure to the agents one can already see that, if
effort is costly, the assistant has no monetary incentive to perform high effort since
his wage will be w (a) independent of the outcome of the project, b.
The similarity of the two agents complicates the principal’s decision on who is
to become the project manager and who the assistant. Let the principal have two
types of procedures that he can use to take his decision. He can either decide behind
closed doors, bcd, or he can use a small selection tournament, st. This means his set
of procedural strategies is Ωp = {st, bcd(e1), bcd(e2)}. For simplicity let the selection
tournament be costless and credible to the agents. It is just about concentration, c,
or no concentration, nc. Let it be commonly known that, if both concentrate or both
do not concentrate during the short selection tournament, both are equally likely to
become the project manager. If one concentrates and the other one does not, then
the agent who concentrates gets the job.13
From the outset it is clear that the principal’s profit is maximized if both his
agents invest high effort and he shares part of the profit with the project manager.
Against the background of Remark (1) it is easy to see, however, that if agents are
only concerned about their own monetary payoff, it is impossible for the principal to
elicit high effort from both agents after his selection decision.
Result 1 If both agents are only concerned about their own monetary payoff, it is
impossible for the principal to elicit high effort, h, from agents e1 and e2 independent
of the selection procedure. As a consequence, the ‘selection tournament’ can never be
strictly preferred to a decision ‘behind closed doors’.
Proof: As said in Remark (1), the assistant never has a monetary incentive to
perform high effort (as it is costly) independent of the selection procedure. Obviously
this is also known to the project manager who conjectures that no matter what he
does the project will fail and he will get w(pm|f ) = w(a) independent of the selection
procedure which the principal has used to take his decision. Hence, his optimal choice
is also to always perform low effort, l. Given this the principal is indifferent between
his two different types of selection procedures. ¥
Consider now a situation in which agents e1 and e2 behave reciprocally towards
the principal p. As pointed out before, this means they reciprocate kind with kind
13
This means that if both perform equally during the tournament the principal flips a coin in
front of them.
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and unkind with unkind behavior. This type of behavior can be captured by assuming
that each agent i ∈ {e1, e2} maximizes the following utility function:
ui = πi + Yip · (κip · λipi ) ,
where Yip > 0 is a positive constant that captures agents i’s sensitivity to reciprocity,
κip is agent i’s belief about his kindness towards the principal, λipi is the agent i’s
perceived kindness of the principal towards himself and πi is agent i’s own expected
monetary payoff. Note, this conceptualization of reciprocity is analog to the definition
by Dufwenberg and Kirchsteiger (2004).
In the Example in section 3 we have already defined perceived kindness. For
completeness, however, let us restate it here in the context of our principal-agent
relation. Agent i’s perceived kindness of the principal, λipi , in history hx is defined
as:
¡
¢
¢
e ¡
λipi = πi µ1i (·|hx ) , µ2i (·|hx ) , ρ0 − πi p µ1i (·|hx ) , µ2i (·|hx ) , ρ0 .
As before, πi (·) describes what agent i believes the principal intends to give him and
e
πi p (·) is the equitable payoff which characterizes agent i’s belief about the average
that the principal could have given him. More formally:
© ¡
¢
ª
1h
e
πi p (·) = max πi µ1i (·|hx ) , µ2i (·|hx ) , ρ0 , ωp ∈ {st, bcd(e1), bcd(e2)}
2
© ¡
¢
ªi
+ min πi µ1i (·|hx ) , µ2i (·|hx ) , ρ0 , ωp ∈ {st, bcd(e1), bcd(e2)} .
Similarly agent i’s kindness towards the principal in history hx can be described
as:
¡
¢
¡
¢
κip = πp µ1i (·|hx ) , ωi , ρ0 − πpei µ1i (·|hx ) , ωi , ρ0 ,
where,
πpei (·) =

© ¡
¢
ª
1h
max πi µ1i (·|hx ) , ωi , ρ0 , ωi ∈ {l, h}
2
© ¡
¢
ªi
+ min πi µ1i (·|hx ) , ωi , ρ0 , ωi ∈ {l, h} .

In line with the above, the expected material payoff πp (·) describes what agent i
believes the principal will get, given his beliefs, the commonly known ‘mixed strategy’
of player chance and his own choice ωi ∈ {l, h}. Furthermore, πpei (·) is agent i’s belief
about the the average that he can give to the principal p.
In contrast to Result 1, the question arises whether the profit maximizing principal
is also indifferent between his selection procedures, given that the agents behave
reciprocally towards him. Note that the principal-agent relation is symmetric. This
allows us to state the following result in terms of project manager and assistant rather
than the behavior of agents e1 and e2 in their different possible roles.
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Result 2 If the project manager’s sensitivity to reciprocity is:
Ypmp ≥

1
2

(w(pm|f ) − w(pm|s)) + υ
¤
,
[w (pm|s) − w(a)] − υ [∆πp + ∆w(pm)]
2

£1

and the assistant’s sensitivity to reciprocity is:
Ya ≥

1
2

υ
¤
,
[w (pm|s) − w(a)] − υ [∆πp + ∆w(pm)]
2

£1

where ∆πp = πp (h, h) − πp (h, l) and ∆w(pm) = w(pm|f ) − w(pm|s), then the sequential psychological equilibrium is given by:
1. The project manager i) chooses low effort following a decision of the principal
taken behind closed doors, ii) chooses concentration and iii) high effort, if the
principal uses a selection tournament to take his decision.
2. The assistant i) chooses low effort following a decision of the principal taken
behind closed doors, ii) chooses concentration, iii) low effort following low effort
by the project manager and the selection tournament and iv) high effort, if
the principal uses a selection tournament to take his decision and the project
manager has chosen high effort as well.
3. The principal uses the selection tournament.
Proof: See appendix
The intuition behind this result is the following: The assistant feels unkindly treated,
if the principal has taken the decision behind closed doors.14 As effort is costly,
he thus chooses low effort independent of the effort choice of the project manager.
In comparison to that, the assistant does feel kindly treated if the principal has
used a selection tournament to choose the project manager. Thus, if he is sensitive
enough to reciprocity, i.e. condition Ya in Result (2) holds, then he chooses high
effort given that the project manager has chosen high effort following st. But if, on
the other hand, the project manager has chosen low effort following the selection
tournament, the assistant knows that it is useless to invest high effort and, hence,
he optimally chooses l. The project manager obviously knows all this. Hence, if he
was selected behind closed doors, he chooses low effort because he knows that the
assistant will. If he was selected via a selection tournament, however, and he knows
that the assistant is sufficiently sensitive to reciprocity he will choose high effort to
reciprocate the kind behavior of the principal. Given this the principal will choose
the selection tournament, as in this way he maximizes his own profit. This highlights
the importance of procedural choices in the interaction of psychologically motivated
agents.
14

This is also in analogy to the ‘promotion’ example briefly sketched in the introduction.
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In addition, one can also confront Result (2) with the results obtained in the
setting of Dufwenberg and Kirchsteiger (2004) who do not allow for different types
of procedures. In order to do so, consider the same situation as described above, but
without the principal’s possibility to perform a selection tournament. In other words,
the principal can only decide behind closed doors.
Result 3 For all Yap ≥ 0 and Ypmp ≥ 0 the SPE is given by:
1. The assistant always chooses low effort either out of pure cost (if Yap = 0) or
cost and kindness considerations (if Yap > 0).
2. The project manager knows this and, consequently, also chooses low effort independent of Ypmp .
3. The principal is indifferent between choosing agent e1 or e2 as project manager.
Hence, any choice of the principal is part of an equilibrium.
Proof: The assistant will always perceive the principal’s decision as unkind. Hence
he is never inclined to choose high effort out of kindness considerations. This is even
reinforced by the fact that high effort is costly. Consequently the assistant’s optimal
strategy is to choose l in every history in which he is active. As said above, the project
manager knows this and figures that what ever he does the project will fail. Hence,
his optimal choice is also to invest low effort. Given this the principal is indifferent
between bcd(e1) and bcd(e2). ¥
As one can see, if alternative procedures to take the same decision are neglected
different equilibrium predictions result. This is not a mere artifact in this particular
example but holds true also in other settings as will also be seen in the next application. Hence, the behavioral predictions that have been made in the hitherto existing
literature on psychological games [e.g. Dufwenberg and Kirchsteiger (2004) and Falk
and Fischbacher (2006)] are sensitive to the availability of different procedures to take
the same decision.
Concluding, we have seen in this principal-agent example how procedural concerns
inherently arise if agents are also psychologically motivated. Furthermore, taking different procedures to take the same decision explicitly into account leads to behavioral
predictions that differ from the results with mere consequentialist preferences, as traditionally assumed in economic theory, and they also differ from the results obtained
in settings allowing for belief-dependent utilities but neglecting procedural choices.
In the next application we will demonstrate the impact of procedural choices when
agents are guilt averse [e.g. Charness and Dufwenberg (2006), Battigalli and Dufwenberg (2006)].
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5.2

The ‘So long, Sucker’ Game with Guilt Aversion

Consider the game in Figure 4:15
[Figure 4 here]
This ‘So long, Sucker’ game is a three-player game in which a player 1 seems
to be trapped since he has to be unkind to one of the other players 2 and 3. This
setting has already been analyzed by Nalebuff and Shubik (1988) and Dufwenberg
and Kirchsteiger (2004) to explain why agents might choose to punish others (in this
case player 1), i.e. reciprocate for any perceived unkindness, even if it is costly for
themselves.
Different to Nalebuff and Shubik (1988) as well as Dufwenberg and Kirchsteiger
(2004) assume that agent 1 is guilt averse. More precisely, assume that player 1
feels guilty, if the other two players get the impression that he did not treat them
equally. This can be conceptualized as follows: At any endnode z ∈ Z player j’s
inference (j ∈ {2, 3}) with regard to what player 1 intended to give him by playing
the procedural strategy ωi is:
Eµ1j ,µ2j ,p0 [πj |H (z) , ω1 ] .
Obviously, player j also has a belief in z about what player 1 intended to give to the
other player q, where q 6= j ∧ q 6= 1:
Eµ1j ,µ2j ,p0 [πq |H (z) , ω1 ] .
This means player j can infer player 1’s intended difference, i.e. player 1’s favoritism,
between j and the other player q:
Eµ1j ,µ2j ,p0 [πj |H (z) , ω1 ] − Eµ1j ,µ2j ,p0 [πq |H (z) , ω1 ] .
In line with the above-sketched intuition concerning player 1’s guilt feeling and similar
to Battigalli and Dufwenberg (2006), we say that player 1 is affected by ‘guilt from
blame’, if players 2 and 3 get a perception of favoritism. His preferences can hence
be written as:
³
´
X
¡
¢
u1 z, µ1−1 , µ2−1 = π1 −
Y1j |Eµ1j ,µ2j ,p0 [πj |H (z) , ω1 ] − Eµ1j ,µ2j ,p0 [πq |H (z) , ω1 ] | ,
j

where Y1j is a positive constant capturing player 1’s sensitivity to guilt and µ1−1 and
µ2−1 are the other players first- and second-order-beliefs. Note, in each history player
1 maximizes his utility ui conditional on his belief up to the third-order because he
takes his belief about the other players’ second-order-belief, µ2−1 , into account.16 For
15

Note that actions that are played by player chance with probability 0 are disregarded in Figure

16

For comparison see Battigalli and Dufwenberg (2006)’s definition of ‘guilt from blame’.

4.

25

h0

1

Z1,h

Z ''1,h

0

Z '1,h

0

U L

0

0

0

U R

1

2

1

3

h4

Z2,h

Z '2,h

0

0

U l
§ 3·
¨ ¸
¨0¸
¨1¸
© ¹

Z3,h

1

1

U r

1

h

U l '''

1

U L

2

0

U R

2

§ 3·
¨ ¸
¨0¸
¨1¸
© ¹

Z3,h

2

0

0

U l'

1

1

1
2

h3

3

Z '2,h

2

U r '''

§ 1 ·
¨ ¸
¨ 1 ¸
¨ H ¸
© ¹

2

Z2,h

1

§ 3·
¨ ¸
¨1¸
¨0¸
© ¹

1

4

0

0

§ 1 ·
¨ ¸
¨ H ¸
¨ 1 ¸
© ¹

h1

Z '3,h

4

U r'

Z '3,h

3

0

0

U l"

1

§ 1 ·
¨ ¸
¨ H ¸
¨ 1 ¸
© ¹

1

§ 3·
¨ ¸
¨1¸
¨0¸
© ¹

Figure 4: ‘So long, Sucker’ Game
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simplicity, assume that players 2 and 3 perceive player 1’s favoritism, but this does not
have any effect on their utility.17 In other words, players 2 and 3 are only concerned
about their own material welfare.
As a benchmark let us first state how player 1 behaves if all players are only
concerned about his own monetary payoff:
Result 4 For all ε ≥ 0, if all players are only interested in their own material payoff,
then player 1 is indifferent with regard to his procedural choice.
Proof: By backward induction, players 2 and 3 respectively choose {ω2,h1 , ω2,h2 } and
{ω3,h3 , ω3,h4 } in the histories that they control. This implies player 1 knows that he
gets 3 for sure independent of his own choice. Hence, he is indifferent between ω1,h0 ,
00
0
ω1,h
0 and ω1,h0 . ¥
The situation changes assuming that player 1 is guilt averse as defined above.
Given our set up with guilt aversion, it is possible to state the following result:
Result 5 If Y12 > 0 and Y13 > 0, then the only SPE is given by:
0
0
1. Player 1 chooses ω1,h
0 in history h .

2. Players 2 and 3 choose respectively {ω2,h1 , ω2,h2 } and {ω3,h3 , ω3,h4 } in the histories that they control.
Proof: In line with player 2’s and 3’s preferences, let player 1’s first-order-belief and
player 1’s belief about the second-order-belief of players 2 and 3 be {ω2,h1 , ω2,h2 } and
{ω3,h3 , ω3,h4 }. This implies that player 1’s belief about players 2’s and 3’s perception
of his intended favoritism is:
i) (0 − 1) = −1 (player 2) and (1 − 0) = 1 (player 3), if he chooses ω1,h0 ,
ii)

1
(0
2

0
− 1) + 12 (1 − 0) = 0 (for both players), if he chooses ω1,h
0 and

00
iii) (1 − 0) = 1 (player 2) and (0 − 1) = −1 (player 3), if he chooses ω1,h
0.
0
This means, his guilt feeling is minimized by playing ω1,h
0 . Furthermore, his own
expected material payoff given his first-order-beliefs is 3 independent of his procedural
choice. Therefore, it is easy to see that the rational player 1 that is guilt averse
0
optimally chooses the procedure ω1,h
0 to take his decision between players 2 and 3.
In addition, players 2 and 3 choose {ω2,h1 , ω2,h2 } and {ω3,h3 , ω3,h4 } in line with player
1’s beliefs because of their material concerns. This concludes the proof. ¥

Note, also in this example it holds that procedures mitigate the own as well as
the others’ psychological payoffs.
17

Note that one could in addition assume that players 2 and 3 are disappointed due to the perceived
favoritism. This would, however, only complicate the analysis without changing the results.
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Remark 2 As in the previous example, ignoring player 1’s possibility to choose a
0
randomization procedure to take his decision, i.e. ω1,h
0 , would lead to a different
00
behavioral prediction. He would be indifferent between choosing ω1,h0 and ω1,h
0.
Hence, also here it holds that neglecting different procedures to take the same decision, as it is done in the hitherto existing literature on psychological games, leads
to different equilibrium predictions. This highlights again, how procedural concerns
can be conceptualized as an inherent part of the interaction of agents with beliefdependent utilities.
All in all, in this section we have used the concept of sequential psychological
equilibrium developed in the previous section to formally demonstrate the impact of
procedural choices on the strategic interaction of emotional agents. We have seen
how procedural choices influence their interactions and how the inclusion of different
procedures to take the same decision affects the behavioral predictions of the existing
literature on psychological games.

6

Conclusion

Any decision in human interactions is inherently associated with a procedure which
characterizes the way in which the decision is taken. This means it is impossible to
take a decision without deciding first on how to take it. It is widely accepted in other
scientific disciplines and it has been shown experimentally that people react differently
in outcomewise identical situations depending on the procedures which have led to
them. People are concerned about the way in which decisions are taken. Nevertheless
traditional economic theory has neglected the impact of procedural choices on human
interaction. It has ignored the influence of procedures on human interactions as
traditional economic theory is based on consequentialist preferences which are difficult
to reconcile with the existing evidence on procedural concerns.
Only in recent years psychological game theory has contested the consequentialist
view in economic theory by assuming that agents also sense psychological payoffs
which, broadly speaking, depend on agents’ beliefs about the other’s strategies and
beliefs. It has been shown in our paper how procedural concerns can be conceptualized in a game theoretic setting assuming that agents are (also) incentivized by
belief-dependent psychological payoffs. According to our approach procedural choices
influence the beliefs that people hold with regard to others. In this way they mitigate
the causal attribution of responsibilities and the evaluation of intentions.
With the help of two applications we have furthermore demonstrated i) how procedural concerns influence the strategic interaction of agents with belief-dependent
utilities and ii) that the equilibrium predictions in the already existing literature on
psychological games are sensitive to the availability of different procedures to take the
same decision. The hitherto existing literature on psychological games solely concentrates on situations in which agents are held fully responsible for all consequences of
their actions. In contrast to this, in our class of procedural games agents can choose
28

between different procedures. They can influence the process of causal attribution
and the evaluation of intentions. Consequently, different equilibrium predictions arise.
Concluding, procedural concerns can play an important role in areas of eminent
concern to economists. Hence, they should not be neglected.

7
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8
8.1

Appendix
Proof of Result 2

Note, as the principal-agent relation is symmetric we will concentrate on the behavior
of project manager and assistant rather than the behavior of agents e1 and e2 in the
different possible roles. Let us start by looking at the behavior of the assistant following the decision by the principal to take the decision behind closed doors. Remember,
when he has to decide about his effort level, he knows about the project manager ’s
effort level, the principal’s procedural choice etc, i.e. he is perfectly informed about
the history of the game he is in.
To start with, assume that in any history that the assistant can find himself
following bcd he believes that the principal believes, i.e. the assistant ’s second-orderbelief, that:
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1. the assistant chooses low effort, given that the principal has taken the decision
behind closed doors,
2. the project manager and the assistant will choose concentration and high effort, given that the principal has taken the decision by means of a selection
tournament.
This means, if it is the assistant’s turn and the principal has taken his decision behind
closed doors, then the assistant believes that the principal intends to give him:
πa (·) = w (a) .

(1)

Given this and the assistant’s second order belief his perceived kindness of the principal following bcd is:
µ
¶
1
1
λapa = w (a) −
w(a) + ((w(a) − υ) + (w(pm|s) − υ)) < 0,
(2)
2
2
¡
¢
where 12 w(a) + 12 ((w(a) − υ) + (w(pm|s) − υ)) is the assistant’s belief about the
average that the principal could have given him and 12 ((w(a) − υ) + (w(pm|s) − υ))
is the assistant’s expected payoff given that the principal had chosen the selection
tournament. Furthermore, the assistant’s kindness is either:
κap (l) = (πp (l, l) − w) −

1
((πp (l, h) − w) + (πp (l, l) − w)) = 0,
2

(3)

1
((πp (l, h) − w) + (πp (l, l) − w)) = 0,
2

(4)

if he chooses low effort or
κap (h) = (πp (l, h) − w) −

if he chooses high effort, conditional on the low effort by the project manager. Conditional on the high effort by the project manager his kindness towards the principal
is either:
κap (l) = (πp (h, l) − w) −

1
((πp (h, h) − w) + (πp (h, l) − w)) > 0,
2

(5)

1
((πp (h, h) − w) + (πp (h, l) − w)) < 0,
2

(6)

if he chooses low effort or
κap (h) = (πp (h, h) − w) −

if he chooses high effort. To summarize the perceptions and the optimal behavior of
the assistant:
1. If the principal chooses to take the decision behind closed doors and given the
assistant’s aforementioned second-order-beliefs, the perceived kindness of the
assistant is negative independent of what the project manager does.
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2. The assistant’s kindness towards the principal can: i) be 0 independent of his
own choice, if the pm chooses low effort as well, or, ii) positive and negative
given that the project manager has chosen high effort.
3. Hence, first, as effort is costly, he optimally chooses low effort, given low effort
by the project manager. Secondly, as effort is costly and perceived kindness is
negative, he also optimally chooses low effort given high effort by the project
manager. Note, the assistant’s optimal behavior is in line with his second order
beliefs.
In contrast to this, the assistant’s perceived kindness of the principal following the
selection tournament is:
1
1
(w (a) − υ) + (w(pm|s) − υ)
2µ
2
¶
1
1
w(a) + ((w(a) − υ) + (w(pm|s) − υ)) > 0,
−
2
2

λapa =

(7)

where 12 (w (a) − υ)+ 12 (w(pm|s) − υ) is the assistant’s belief about what the principal
intended to give him by choosing the selection tournament. Note, it can easily be
seen that the assistant’s kindness towards the principal in the histories in which he is
active is the same as under bcd, i.e. equations (3),(4),(5) and (6). From equation (7)
we already see that the assistant perceives the selection tournament as kind. Given
this the question arises whether and under what conditions this would make him
choose high effort. Rationality requires that he chooses high effort if his utility from
choosing high effort is bigger or equal to his utility from choosing low effort, i.e.:
ua (h) ≥ ua (l),

(8)

(w(a) − υ) + Yap (κap (h)λapa ) ≥ w(a) + Yap (κap (l)λapa ) .

(9)

which means

As κap (l) and κap (h) are 0 in histories following st and low effort by the pm, it can
easily be seen that equation (9) never holds as υ > 0. Hence, the assistant always
chooses low effort under the selection procedure given that the project manager pm
has chosen low effort as well. In case the project manager has chosen high effort,
however, the situation changes. Equation (9) can be rewritten as:
Yap ≥

υ
.
λapa (κap (h) − κap (l))

(10)

Plugging in for λapa and κap (·) gives:
υ
[w (pm|s) − w(a)] − υ [πp (h, h) − πp (h, l) + w(pm|f ) − w(pm|s)]
2
> 0.
(11)

Yap ≥

1
2

£1

¤
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This shows, if condition (11) holds, then the assistant optimally chooses high effort
following the selection tournament and high effort by the project manager.
To summarize again, given that the principal uses the selection tournament to
take his decision the assistant chooses concentration and:
1. low effort if the project manager has chosen low effort.
2. high effort if the project manager has chosen high effort and condition (11)
holds.
3. low effort if the project manager has chosen high effort and condition (11) does
not hold.
This brings us to the optimal behavior of the project manager. Consider first the
project manager ’s optimal behavior following the principal’s choices to take the decision behind closed doors. From the above we know that the project manager and the
principal know that the assistant always chooses low effort under bcd. Given this,
the project manager ’s perceived kindness of the principal’s procedural choice bcd is:
µ
¶
1
1
λpmppm = w(pm|f ) −
w(pm|f ) + [(w (a) − υ) + (w(pm|s) − υ)] .
(12)
2
2
As w(pm|f ) = w(a), equation (12) reduces to:
µ
¶
1
1
λpmppm = w(a) −
w(a) + [(w (a) − υ) + (w(pm|s) − υ)] < 0,
2
2

(13)

which is identical to equation (2). Hence, as the assistant’s optimal behavior is known
to the project manager and the project manager also knows that the principal knows,
the project manager ’ perceived kindness of the principal is identical to the assistant’s
perception following bcd. The same holds true for the project manager ’s kindness.
Given the optimal behavior of the assistant, the project manager ’s kindness towards
the principal reduces to:
κpmp (l) = (πp (l, l) − w) −

1
((πp (h, l) − w) + (πp (l, l) − w)) = 0,
2

(14)

1
((πp (h, l) − w) + (πp (l, l) − w)) = 0,
2

(15)

if he chooses low effort or
κpmp (h) = (πp (h, l) − w) −

if his effort choice is high. Concluding, as effort is costly also the optimal behavior of
the project manager is low effort following the principal’s procedural choice of bcd.
What about the selection tournament? Remember, the assistant chooses concentration and l given that the pm chooses l and h if the pm chooses h and condition
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(11) holds. Hence, the project manager ’s perceived kindness following the selection
tournament is:
1
[(w (a) − υ) + (w(pm|s) − υ)]
2µ
¶
1
1
−
w(a) + [(w (a) − υ) + (w(pm|s) − υ)] > 0.
2
2

λpmppm =

(16)

As can easily be seen, the project manager and the assistant feel equally treated.
Hence, the perceptions about the principals kindness are identical (equations (16)
and (7)). The project manager kindness towards the principal, on the other hand,
following is:
κpmp (l) = (πp (l, l) − w) −

1
((πp (h, h) − w) + (πp (l, l) − w)) < 0,
2

(17)

if he chooses low effort and
κpmp (h) = (πp (h, h) − w) −

1
((πp (h, h) − w) + (πp (l, l) − w)) > 0,
2

(18)

if his effort choice is high. From this follows that the project manager chooses concentration and high effort following the selection tournament, if:
upm (h) ≥ upm (l),

(19)

which can also be written as
(w(pm|s) − υ) + Ypmp (κpmp (h)λpmppm ) ≥ w(pm|f ) + Ypmp (κpmp (l)λpmppm ) .
This reduces to:
Ypmp ≥

(w(pm|f ) − w(pm|s)) + υ
.
λpmppm (κpmp (h) − κpmp (l))

(20)

(21)

Plugging in for the perceived kindness, λpmppm , and kindness, κpmp gives:
Ypmp ≥

(w(pm|f ) − w(pm|s)) + υ
¤
.
[w
(pm|s)
−
w(a)]
−
υ
[π
(h,
h)
−
π
(h,
l)
+
w(pm|f
)
−
w(pm|s)]
p
p
2

£
1 1
2

One can easily see that:
Yap ≥ Ypmp ,

(22)

as (w(pm|f ) − w(pm|s)) < 0. Hence, the project manager optimally chooses concentration and high effort following the selection tournament already at lower levels of
sensitivity to reciprocity compared to the assistant. This is due to the fact that he
gets a financial reward for bringing high effort compared to the assistant who only
supports him within the realm of his normal work and gets w(a) independent of the
success or failure of the project. Summarizing:
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1. if the principal chooses to take the decision behind closed doors, both players
optimally choose low effort in line with their beliefs and, in addition,
2. if conditions (11) and (22) hold, both choose concentration and high effort
following the selection tournament.
Assume that both conditions (11) and (22) hold. Given this it is easy to see that
the profit maximizing principal always chooses the selection tournament to take his
decision, as this gives him a profit of πp (h, h). This concludes the proof. ¥
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