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In the theory of psychological games it is assumed that players’ preferences on material consequences depend
on endogenous beliefs. Most of the applications of this theoretical framework assume that the psychological
utility functions representing such preferences are common knowledge. However, this is often unrealistic. In
particular, it cannot be true in experimental games where players are subjects drawn at random from a popula-
tion. Therefore, an incomplete-information methodology is needed. We take a first step in this direction, focusing
on guilt aversion in the Trust Game. In our models, agents have heterogeneous belief hierarchies. We character-
ize equilibria where trust occurs with positive probability. Our analysis illustrates the incomplete-information
approach to psychological games and can help to organize experimental results in the Trust Game.
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1. Introduction

The Trust Game is a stylized social dilemma whereby
player A takes a costly action (investment) that gen-
erates a social return, and player B decides how to
distribute the proceeds between himself and player A.
Experimental work on the Trust Game has shown sys-
tematic and significant departures from the standard
equilibrium prediction implied by the assumption of
common knowledge of selfish preferences (see Berg
et al. 1995, Buskens and Raub 2013, §II.A of the sur-
vey by Cooper and Kagel 2013, and the references
therein). Given the simplicity of this game, such devi-
ations are hard to explain as the result of bounded
rationality. Charness and Dufwenberg (2006) provide
support for the hypothesis that the behavior of most
subjects in the second-mover role (player B) is affected
by aversion to letting down the first mover (player A)
relative to A’s expectations, as in Dufwenberg’s (2002)
model of marital investment. This is an instance of
the “simple guilt” model of belief-dependent pref-
erences of Battigalli and Dufwenberg (2007). Recent
experimental work corroborates this hypothesis (e.g.,
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Reuben et al. 2009, Bellemare et al. 2011, Chang et al.
2011, Attanasi et al. 2013).!

Of course, when subjects’ preferences differ from
the simple benchmark of selfish expected payoff max-
imization, the assumption that such preferences are
common knowledge is farfetched. Therefore, it should
be assumed that the game played in the laboratory is
one with incomplete information, although the rules
of the game (e.g., who plays when, information about
previous moves, and material payoffs at terminal
nodes) are made common knowledge in the experi-
ment. This is consistent with the high heterogeneity
of behavior and beliefs found in most experiments
on other-regarding preferences (see Cooper and Kagel
2013). Our goal is to understand how such a game
is played with incomplete information about guilt
sensitivity.

1See also Dufwenberg and Gneezy (2000) and Guerra and Zizzo
(2004). Charness and Dufwenberg (2011) find support for the “guilt-
from-blame” model of Battigalli and Dufwenberg (2007), which
assumes that 7 anticipates guilt if she thinks that j is going to blame i
for letting him down. Vanberg (2008) and Ellingsen et al. (2010)
question the guilt-aversion interpretation of prosocial behavior in
the Trust Game.
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We analyze the Bayesian equilibria (Harsanyi 1967,
1968a, b) of two incomplete-information models of
guilt aversion in the Trust Minigame, a binary-choice
version of the Trust Game similar to the one analyzed
by Charness and Dufwenberg (2006).> A key feature
of both models is that agents playing in a given
role hold heterogeneous beliefs about the type of
the coplayer, which implies heterogeneous first- and
second-order beliefs about actions. In the first model
it is common knowledge that player A, the “truster,”
is selfish and that only player B, the “trustee,” can
feel guilt. In the second model, instead, guilt sensi-
tivity and beliefs about it do not depend on the role
played in the game (player A or player B). The first
model is more tractable and it may be appropriate for
situations where the players come from different pop-
ulations, e.g., when player A is a firm and player B is
a worker. The second model may be more appropri-
ate for situations where the subjects playing in roles A
and B are drawn from the same population, as in most
experiments.

However, even when players are drawn from the
same population, it is not implausible to assume
that sensitivity to guilt is triggered only when play-
ing in role B. This assumption resonates with (i) the
evolutionary psychology of emotions (e.g., Haselton
and Ketelaar 2006), which suggests that, when a sin-
gle emotion (guilt) operates in a variety of different
domains, its effects are moderated by contextual cues;
and with (ii) the conceptual act theory of emotion
(e.g., Barrett 2006), which posits that people experi-
ence an (in our case, anticipated) emotion by cate-
gorizing an instance of affective feeling (anticipated
disappointment of the other); with this, it is plausible
that the role played in the interaction is part of the
categorization process. Finally, the different responses
to oxytocin of trusters and trustees (e.g., Kosfeld et al.
2005, Zak et al. 2005), and findings in the animal liter-
ature on the reactivity of oxytocin to social cues (e.g.,
Carter and Keverne 2002) provide some indirect evi-
dence supporting the role-dependent model of guilt
aversion.?

2We coined the name “Trust Minigame” after the “Ultimatum
Minigame” of Binmore et al. (1995), a binary-choice version of the
Ultimatum Game.

®On one hand, higher levels of oxytocin in trustees are correlated
(between subjects) with a higher investment by trusters and higher
sharing (Zak et al. 2005, Zak 2008). According to the guilt-aversion
model, oxytocin can thus be interpreted as the transmitter from
second-order beliefs (expected disappointment from not giving) to
the prosocial action. However, in the case of trusters, higher lev-
els of oxytocin are not correlated (between subjects) with a higher
investment. Yet, Kosfeld et al. (2005) show that an exogenously
induced increase in the oxytocin level increases investment, which
suggests that it is the difference between baseline and actual lev-
els of oxytocin that affects prosocial behavior. We submit that the
role of truster is a social cue that shuts down the link between
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Our approach finds its intellectual home in the
theory of psychological games, i.e., the analysis of
games with belief-dependent preferences (Geanakop-
los et al. 1989, Battigalli and Dufwenberg 2009; see also
the introductory surveys by Dufwenberg 2008 and
Attanasi and Nagel 2008). To our knowledge, this is
the first paper offering a fully-fledged Bayesian equi-
librium analysis of guilt aversion.*

Our paper is related to Attanasi et al. (2013), who
analyze experimentally the belief-dependent prefer-
ences, behavior, and beliefs of subjects in the Trust
Minigame. They show that making the elicited belief-
dependent preferences common knowledge between
the subjects of each matched pair significantly affects
behavior and beliefs. This can be interpreted as a com-
parison between a psychological game with incom-
plete information (control) and a psychological game
with complete information (treatment). The theoreti-
cal comparison between treatment and control draws
on the analysis of our paper, which therefore helps to
organize the data of their experiment.

Also, under mild assumptions about the empirical
distribution of types, our analysis implies the posi-
tive correlation between the second-order beliefs and
prosocial action of B subjects found by Charness and
Dufwenberg (2006). In §6, we comment extensively
on such a correlation and, more generally, on the rel-
evance of our models for experiments.

As argued above, the assumption that interacting
individuals have belief-dependent social preferences
naturally leads to an incomplete-information analysis.
Therefore, we hope that our paper may have a ped-
agogical value for applied theorists and experimental
economists who are interested in using psychologi-
cal game theory to analyze social dilemmas. Indeed,
we present the more abstract methodological mate-
rial on Bayesian equilibrium and psychological games
in §3 so that it can be easily extended and applied to
different games.

The rest of the paper is structured as follows.
Section 2 introduces the Trust Minigame with guilt
aversion. Section 3 provides the methodology to ana-
lyze psychological Bayesian games, with a focus on
the Trust Minigame with unknown guilt aversion.

second-order beliefs and oxytocin levels (see Carter and Keverne
2002); thus, oxytocin differences between trusters mainly reflect dif-
ferences in baseline levels, not in second-order beliefs.

*Some papers analyze incomplete-information models of games
with belief-dependent preferences; see, for example, Caplin and
Leahy (2004), Ong (2011) and Tadelis (2011). Unlike ours, none
of these models features heterogeneous beliefs, which are instead
allowed for by Battigalli et al. (2013). The latter paper analyzes the
cheap-talk game of Gneezy’s (2005) experiment under the assump-
tion that the sender is affected by an unknown sensitivity to guilt.
This analysis is based on two rounds of elimination of nonbest
replies under mild assumptions about heterogeneous beliefs.
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Figure 1 The Trust Minigame Form with Material Payoffs

I Sh
Ann n Bob & 22

Out Keep

(1, 1) 0,4)

Section 4 puts forward and analyzes a model with
role-dependent guilt, where player A is known to be
selfish. Section 5 puts forward and analyzes a model
with role-independent guilt. Section 6 concludes with
a discussion of the empirical implications of our anal-
ysis and of the situations where it can be usefully
applied. Formal proofs are collected in the appendix.

2. Guilt Aversion in the

Trust Minigame

We analyze models of the Trust Minigame where
players have different sensitivities to guilt feelings
and incomplete information about the guilt sensitiv-
ity of the coplayer. All of the models we consider
are based on the game form with material payoffs
depicted in Figure 1.

In the analysis of this game form, we denote play-
ers’ strategies as follows.

Strategy Notation
In I
Out O
Share if In S
Keep if In K

To investigate the effects of guilt feelings on behav-
ior, we need to consider the players” first- and
second-order beliefs about strategies. We denote
with «a; player i’s first-order beliefs, and with §; the
second-order beliefs. Specifically, we use the notation
described in the following table.’

Belief Notation Definition
Ann'’s initial first-order belief ay, PA[S]
Bob’s initial first-order belief ag P[]
A feature of Bob’s initial B5 Eplaa]

second-order belief
A feature of Bob’s conditional
second-order belief

B Egloen [1]

® We use bold symbols to denote random variables. Because B does
not know a,, this number is a random variable from B’s point of
view, and its expectation is E;[a,]. Similarly, we write E,[m,] for
the expected material payoff of A.

RIGHTS L

Figure 2 The Trust Minigame with Psychological Utilities

In Share
Ann Bob 2,2)
Out Keep
(I, 1 (0,4 —26g0,)

Note that we distinguish between initial and condi-
tional second-order beliefs of Bob, and we refer to
the features of such beliefs that are relevant in our
analysis. Indeed, we assume below that Bob’s choice
depends on his expectation of Ann’s disappointment
if he Keeps, which can be written as a function of
the expected value of Ann’s first-order belief. The
second-order beliefs of Ann will be introduced later
as needed.

According to the model of simple guilt (Battigalli
and Dufwenberg 2007), player i suffers from guilt
to the extent that she believes that she is letting the
coplayer —i down. In particular, player i has belief-
dependent preferences over material payoff distri-
butions represented by the following psychological
utility function:

u;=m; —6;max{0, E_;[m_;] —m_;}, 1)

where m; is the material payoff of i, 6; > 0 is the
guilt sensitivity of player i, and max{0, E_;,[m_;] —m_;}
measures the extent of the coplayer’s disappointment
given the coplayer’s subjective beliefs.

We first assume that guilt sensitivity is role-
dependent: only the second mover can be affected by
guilt (6, =0, 6 > 0), and this is common knowledge.
Ignoring players’ beliefs about parameters, we can
represent the strategic situation by the parametrized
psychological game depicted in Figure 2.

Indeed, Ann can only be disappointed after termi-
nal history (I, K), in which case the extent of her dis-
appointment is

max{0, E4,[m,] —m,(I, K)}
=2~OZA+O-(1—OtA)—0=201A,
where m;(z) denotes the material payoff of i at termi-
nal history z € {O, (I, K), (I, S)}. Thus, the psycholog-
ical utility at z = (I, K) of Bob (expressed as a function
of Ann’s first-order belief a,) is
uB(I/K/aA) = mB(IIK) _OBmaX{O/[EA[mA]_mA(I/K)}
=4-20z0,.
Of course, when Bob evaluates his alternatives and
chooses his optimal strategy, he compares the utility
from choosing S with the expected psychological util-

ity from choosing K, which depends on his second-
order beliefs. As long as Bob initially assigns a strictly
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positive probability to I (az =Pg[I] > 0), the compar-
ison between strategies S and K can equivalently be
made either ex ante, or conditional on I, because the
difference between the ex ante expected utilities of S
and K is proportional to the difference between the
conditional expected utilities of S and K

[Eg[uB] - [Eg[uB] = Eplug(l, S, ay)
—ug(l, K, ay) [ 1] - Ppl[I]
= 2(085 — . 2

By definition, 0 < B} <1; thus, in an equilibrium with
ag > 0, Bob Shares if ay >0, ;> 1, and B} > 1/6;.

The assumption that only player B may be sensitive
to guilt is removed in §5, where we analyze a model
with role-independent guilt.

3. Methodology: Bayesian
Psychological Games

We are going to model incomplete information
about 6 using the methodology first proposed by
Harsanyi (1967, 1968a, b), suitably extended to psy-
chological games (see also Battigalli and Dufwenberg
2009, §6.2). We define type structures that implicitly
determine the possible hierarchies of the subjective
beliefs of the players.

Although our methodology is fully standard from
the abstract theory perspective, it is not widely used
in applied theory. Therefore, it is useful to describe
carefully the building blocks of our approach. The
main concepts are illustrated by a leading example.

Here we present a note on terminology. We call “ex-
ogenous” a belief about an exogenous variable or a
parameter: a belief about 6 is an exogenous first-
order belief, a joint belief about § and exogenous
first-order beliefs of the coplayer is an exogenous
second-order belief, and so on. We call “endogenous”
a belief about a variable that we try to explain, or
predict, with the strategic analysis of the game. In
particular, a belief about strategies is an endoge-
nous first-order belief, a joint belief about strategies
and endogenous first-order beliefs is an endogenous
second-order belief, and so on. We also call “endoge-
nous” a joint belief about exogenous and endogenous
variables.

3.1. Type Structures

We consider situations where the psychological util-
ity functions of players A and B are determined by
parameters 0, € ®4, 0; € O known to players A
and B, respectively. Formally, the psychological utility
of i is a parametrized function

U O, xZx#H ; x#_; —>R,
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where Z is the set of terminal histories (play paths) of
the game, and #; (# _;) is a space of endogenous hierar-
chical beliefs of player i (—i). Because in our applica-
tions 0; is the guilt sensitivity parameter of player i, we
call 0; the “guilt type.” When the parameter set ©; is a
singleton, the guilt type of i is common knowledge. In
models with role-dependent guilt sensitivity, we have
0, # Og; in particular, we assume that 0, is a single-
ton, because player A is commonly known to be a self-
ish expected material-payoff maximizer; i.e., ®, = {0}.

The subjective exogenous beliefs of players A and B
about each other’s private information and exogenous
beliefs are implicitly represented by a type structure,
i.e., a tuple

g:<N:{AIB}/(®z/ Elﬁi: T;_> ®ilTi: E%A(Tfi))ieNy

Elements of T; are called “Harsanyi types” or sim-
ply “types.” A Harsanyi type specifies both the guilt
type (more generally, the utility function) and the
exogenous beliefs of player i.” Note that we use bold
symbols to denote functions interpreted as random
variables, i.e., functions that depend on the state of
the world (t,, tz). Function 9; specifies the psycho-
logical utility (guilt sensitivity) of type t;, and func-
tion 7; determines the exogenous beliefs of t; about
the utility and beliefs of the coplayer —i. In particular,
we explain below how each type t; in the structure
determines a whole hierarchy of exogenous beliefs
for player i. Given a random variable x;: T; — X;, we
denote events about x; either directly as subsets of T,
or according to a convention that is common in statis-
tics. For example, both 9;!([0, x]) and 9; < x denote
the set {t;: ¥;(t;) < x}, i.e., the event that the guilt type
of i is at most x. We use whatever notation is more
convenient and transparent in the given context.

It may be assumed without essential loss of gener-
ality that the set of types is a Cartesian product T; =
0, x €, so that a type is a pair (0;, ¢;), and that beliefs
about the coplayer’s type are determined only by the
second element ¢;, also called “epistemic type.” In
this case, function ¥; is the projection map (6;, ¢;) —
9;(0;,¢;) = 6;, and function 7; depends only on ¢;
hence, it makes sense to write T;(e;).

Once we append a type structure to the profile of
parametrized utility functions, we obtain a Bayesian
psychological game

I'=(N={A,B},(®;,u;: O, xZx#,x# _;,—R,T,
V: T — 0, 7: T, — A(T)))en)-

©See Geanakoplos et al. (1989) and Battigalli and Dufwenberg
(2009). In the latter, #; is a space of hierarchical conditional beliefs.

7 All of our models satisfy the following technical assumptions: for
each player i, T; is a compact metric space, the set of Borel proba-
bility measures A(T_;) is endowed with the topology of weak con-
vergence (hence, it is compact and metrizable), and the functions
¥;, 7; are continuous. This implies that the sets and functions we
consider satisfy the necessary measurability requirements.
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In this paper, we focus on Bayesian psychological
games based on the Trust Minigame with guilt aver-
sion, i.e., the game form of Figure 1 with parame-
trized utility functions given by Equation (1).

3.2. Higher-Order Exogenous Beliefs
The exogenous first-order belief of a type t; is deter-
mined by the equation

p; (1)[E%] = 7(t)[(V_) " (E2)]

(E°, € ®_; Borel measurable).

For example, pl(t\)[{ts: Op(ts) > 2}] is the subjec-
tive probability assigned by type t, to the event
that the guilt sensitivity of player B is more than 2.
We can write this probability more compactly as
PL(E)[9, > 21,

With this, we obtain a map (9;,p}): T, > 0, x
A(O_;) for each i € {A,B}. Then the exogenous
second-order belief of a type t; is determined by the
equation

pi(H)[EL] = = (t)[(V_;, pL) ' (EL)]
(E!,; € ©_; x A(®,) Borel measurable).

For example, p3(t)[{4: ph(t4)[95 > 2] = 1}] is the sub-
jective probability assigned by type t; to the event
that player A believes that 93 > 2 is at least as likely
as U <2.

Proceeding this way, we can associate a hierarchy
of exogenous beliefs with each type. However, beliefs
beyond the second order will not be used in the anal-
ysis below.

3.3. Leading Example: Exogenous Beliefs

We illustrate these abstract concepts with an exam-
ple, which is (essentially) a special case of our model
with role-dependent guilt. Suppose that it is common
knowledge that player A is selfish, whereas player B
can either have a low-guilt type 6* < 1, or a high-guilt
type 0" > 2; therefore, ®, = {0} and Oy = {6", 6"}. The
exogenous beliefs of each player i are determined by
the epistemic type e; € €;. Because player A has only
one possible guilt type, the epistemic and Harsanyi
types of A coincide, and we can ease notation, writ-
ing e, =t4. There is a continuum of epistemic types on
both sides. Specifically, we let e, = t, € T, parametrize
the subjective probability assigned by A to the high-
guilt type of B: t, =P, [, = 0"].° Therefore, we let
T,=%,=10,1]. Furthermore, we assume that the set
of possible epistemic types of player B is [0,1] as
well. This is just a convenient parametrization. Thus
Ty = O x €5 ={0", 07} x [0, 1]. Although the set of

8 We often write P, ,[-] instead of 7,(t4)[ -] to ease notation in the
context of examples and models.
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epistemic types of player A is easily seen to be iso-
morphic to the set of exogenous first-order beliefs
of player A, the meaning of the epistemic types of
player B can only be understood by considering the
belief maps and unraveling the higher-order beliefs
corresponding to each type.

The belief maps have the following features. All
types of player A believe that the guilt and epistemic
types of player B are statistically independent; fur-
thermore, they hold the same marginal belief about
the epistemic type of player B given by a strictly
positive density function f: [0, 1] = R, e.g., the uni-
form distribution f(ez) = 1. On the other hand, dif-
ferent epistemic types of player B may hold differ-
ent beliefs about the type of player A: the belief of
each e is given by a strictly positive density function
for: [0,1] > R

To sum up, the belief maps 7;: T, - A(T;) (i €
{A, B}) satisfy

Ta(t)[9p = 0" Ney <yl
=7,(t) [V =0"]-74(ts)[ep <yl =t4 /Oyf(eB) deg,

and R
(6, eallts <x]= [ f, (b dta,

for all t,, ez, x,y €0, 1], 65 € {6, 01}

All of the above (including the belief map e+ f,)
is assumed to be common knowledge. This gives the
type structure I and a Bayesian psychological game
I" based on the Trust Minigame with guilt aversion.

Exogenous hierarchies of beliefs are relatively sim-
ple. In particular, beliefs about the guilt type of player
A and beliefs about such beliefs are trivial because
player A is commonly known to be selfish, whereas
the first- and second-order beliefs of, respectively,
players A and B about the guilt type of player B are

P}L{H(tA) = P}A(tA)[ﬁB = BH] =ty,

and
Pi (05, eo) Py <31 =m5(6y, ex)lts <xl= [ f,, () dta,
for all t, € T4, (65, eg) € Ty, and x € [0, 1].

3.4. Equilibrium

A Bayesian equilibrium of the Trust Minigame with
incomplete information is given by a pair of mea-
surable decision functions (o: T, — {I, O}, o: Tz —
{S, K}) such that, for each player i € {A, B} and type
t; € T, choice o;(t;) maximizes player i's expected
utility, given the endogenous beliefs of type ¢t; about

°For the solution of this example, we do not have to specify a
particular parametric family of density functions.
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the coplayer’s choice and beliefs."” Note that, in gen-
eral, this is a subjective notion of equilibrium, because
players’ exogenous beliefs are not necessarily derived
from an objective distribution of types. For more on
this, see §3.8.

In a perfect Bayesian equilibrium, player B maxi-
mizes his conditional expected utility on observing I,
with conditional beliefs computed by Bayes’ rule, if
possible. Of course, if o4 (t4) = O for every t,, the con-
ditional second-order belief By(tz) =, [a,] 0y =1]
cannot be determined by Bayes’ formula, and we
cannot rule out the possibility that BL(tz) = 0, hence
op(tz) =K, for every t;. This in turn implies that each
type of player A is certain of K (a,(t,) =0), which
justifies o4 (t4) = O for every t,. This explains the fol-
lowing remark."

RemARK 1. Every Bayesian psychological game
based on the Trust Minigame with guilt aversion has
a perfect Bayesian equilibrium with o,(t,) = O and
o;(tg) =K for all types t, and f5.

Having established this once and for all, the rest
of the analysis is focused on nondegenerate equilibria
where a positive fraction of A’s types choose I. Under
our assumptions on exogenous beliefs, this implies
that every type of B assigns positive probability to I.
As we noted in §2, in this case ex ante maximiza-
tion of psychological utility is equivalent to condi-
tional maximization (see Equation (2)); therefore, non-
degenerate Bayesian equilibria are also perfect. When
A is commonly known to be selfish, such equilib-
ria have another interesting feature: since the posi-
tive fraction of A’s types who choose I in equilib-
rium do this to maximize expected payoff, then, on
observing I, player B must conclude that A chose I

Such decision functions are often called “strategies.” We avoid
this terminology for two reasons. First, we are not studying a sit-
uation where player i decides how to play the game before being
informed about her type; rather, we study decisions of different
agents playing in role i, where each agent is characterized by some
type t;. Second, we want to avoid confusion with the strategies of
the Trust Minigame, such as “Share if In.”

' Remark 1 is an instance of a more general observation. Fix a game
form with material payoffs and no chance moves. Let G denote
the corresponding complete-information game obtained when the
game form and the fact that players are selfish are common knowl-
edge. Let I'(G) denote any psychological game obtained from G
by adding to each player’s material payoff a (possibly null) guilt-
aversion term, and possibly allowing for incomplete information
about guilt parameters. Then, every pure-strategy sequential equi-
librium of the material-payoff game G is also a perfect Bayesian
equilibrium of the psychological game I'(G). The intuition is that off
the equilibrium path players may believe that deviations occurred
by mistake and hence do not signal expectations of high mate-
rial payoffs. Thus, the best reply at off-path information sets is to
maximize one’s own expected material payoff. See Battigalli and
Dufwenberg (2007, Observation 2).
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rationally, hence that A assigned at least 50% proba-
bility to S. In other words, in a nondegenerate equi-
librium, each type t; is certain, conditional on I,
that a, > 1/2: BL(tp)[ey >1/2] =1. This is exactly
the same inference imposed by forward-induction
reasoning (see Dufwenberg 2002, and Battigalli and
Dufwenberg 2009, §5). Hence, our focus on nondegen-
erate equilibria can also be motivated as a forward-
induction refinement. Indeed, some of our insights
are solely based on a kind of step-by-step forward-
induction reasoning, whereas others need the fully
fledged Bayesian equilibrium analysis.

3.5. Higher-Order Endogenous Beliefs
It is important to understand how the type struc-
ture and decision functions o; generate the players’
endogenous beliefs. We analyze psychological games
where the utility of i (determined by her guilt type 6,)
depends on what —i plans to do (—i’s strategy) and on
the endogenous first-order beliefs of —i. For example,
the utility of each guilt type 6; depends on B’s mate-
rial payoff (determined by the sequence of actions)
and on the disappointment of A; the latter is positive
if A plans to choose I and carries out such plan, and
then B replies with K; in this case, A’s disappointment
is determined by the first-order belief of A about the
choice of B, that is, the probability o, assigned by A
to strategy S.

This probability is an endogenous first-order belief
determined by the type of A and the equilibrium deci-
sion function of B

ay(ty) =T4(ts)[0=S5]. 3)

For player B (and the analyst), ay: T, — [0, 1] is a
random variable. Type t; of player B can compute his
initial expectation of a, as follows:"?

BE (1) =E,lan] = [ aa(t)m(ta) [dtl. @)

This initial second-order belief reflects how B rea-
sons about the game before playing it."” Player B,
however, takes an action only if he observes I; there-
fore, his choice depends on his second-order belief
conditional on I

B{;(ts) = [EtB[aA o, =1]

1
= o, (ty)Ts(ts) [dEa],
ag(tp) Jtaoa(ta)=I

if az(tg) >0, (5

12 Given a real-valued random variable x_;: T_; — R and a measure
e A(T,), E,[x_;] denotes the expectation of x_; according to u. To
ease notation for the expectation of x_; according to the belief of

type t;, we write E, [x_;] instead of E_ ,[x_;].

B3 Hence it is an interesting feature of beliefs that is worth eliciting
in experiments. See the discussion in §6.
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where a(t3) = 73(t3)[0 4 = I] is the initial endogenous
first-order belief of f; (see §2).

As the above equations illustrate, all of the endoge-
nous beliefs are implicitly determined by the equilib-
rium decision functions o = (o,, 03) given the type
structure 7. For the sake of clarity, we will make the
key features of endogenous beliefs explicit.

Besides endogenous first- and second-order beliefs,
the type structure and decision functions determine
other random variables that will be used in our anal-
ysis (all in bold). For example, the random variable
“material payoff of player i” is'

m;(0) if o,(t,) =0,
m;(ty, tg) = {my(I, K) if o4(ty) =1, op(ty) =K,
m;(I,S) ifo,(ty) =1, op(ts) =S,

and the random variable “psychological utility of
player i” is

u;(ty, tg) = my(ty, ty)

— ¥;(t;) max{0, [Et_i[m—i] —m_;(ty, tp)},

where, of course, in the computation of E, [m_],
type t_; assigns probability one to the choice o_;(t_;).

As in the leading example, we use models where
the type set of player i can be factorized as
T; = ©; x €;, with the convenient parametrization €, =
[0, 1]. The second component of t; = (0;, e;)—the epis-
temic type of player i—is a random variable from the
point of view of the coplayer —i. Formally, this ran-
dom variable is just the projection from T, = ©; x &;
onto €, =[0, 1]: e;(t4, tzg) =¢; if and only if ¢, = (6;, ¢;)
for some 6; € ©,. Thus, for example, [e; > x] denotes
the event that the epistemic type of i is higher than
threshold x. Given this, we can ease notation, writing
the belief maps as a function of e; only, as in T;(e;),

a;(e;), Bi(e)-

3.6. Leading Example: Equilibrium and
Endogenous Beliefs

Under the simplifying assumptions of the example
(see §3.3), there is a unique nondegenerate equilib-
rium pair of decision functions (o,, o) that can
be determined with the forward-induction argument
mentioned in §3.4. Because in a nondegenerate equi-
librium a positive fraction of A types choose I and
each f, has full support on [0,1], each epistemic
type ep assigns positive probability to I; i.e.,

ag(ep) =/ fo, (ta)dt, > 0.

taroa(ta)=I

4 Recall that m,(z) is the material payoff of player i at terminal
history z.
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Hence, BL(ep) is determined by Bayes’ rule (see Equa-
tion (5))

1
Bs(ep) = —— oy (ty) fo, (ts) iy
e = oo |l ),
Player A’s rationality implies15

O if ay(ty) <1,
I if ay(ty) > 3.

o, (ty) = {

Therefore,
Bi(ep) = E., [“A | Qy = %] = %
Player B’s rationality implies

K if 65BL(ep) <1,

og(0g, e5) = .
(0. en) {s if 0,BL(e5) > 1.

Because 6* <1, 6 > 2, and BL(ez) > 1/2, the choice
of B is independent of the epistemic type ez: B Keeps
if selfish and Shares if prone to guilt feelings; i.e.,

K if 6,=0",

o3(0p, e5) = {S if 9, = 0"

Therefore, the endogenous first-order belief of a
type t, coincides with the exogenous one, ie., the
probability assigned to the high-guilt type of B

a,(ty) =74(t0) [V = HH] =ty,

and the decision function of A is

O ift, <32
ty) = 2’
alta) {I if ty > 1.

Although in this example the fine details of higher-
order beliefs do not matter, we derive the endogenous
second-order beliefs of B for illustrative purposes

1
Bi () = E,ltal = | taf,, () da,

t >1} S tafey(ta) dts
AT S| =TT 5 5 .
Jin Fealta)dty

2
3.7. Harsanyi’s Method and Psychological Games
There is a noteworthy difference between the def-
inition of equilibrium in psychological games with
complete information and in Bayesian psychologi-
cal games: in the former, it is necessary to assume
that endogenous beliefs of all orders are correct (see

Bi(es) = E,, [tA

»We can ignore knife-edge cases because beliefs about the co-
player’s type are absolutely continuous.
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Geanakoplos et al. 1989, and Battigalli and Dufwen-
berg 2009); in the latter, it is instead assumed that
conjectures about the coplayers’ decision functions
are correct, but there is no explicit condition con-
cerning belief hierarchies. In other words, the analy-
sis of Bayesian psychological games just requires one
to apply the equilibrium concept that was already
on the shelves of standard game theory, whereas an
extension of the traditional definition of equilibrium
is needed for the analysis of complete-information
psychological games. How can the two definitions be
reconciled?

Following the method proposed by Harsanyi (1967,
1968a, b) in his three-part article, we posit a Bayesian
game I' and a profile of decision functions o. The pair
(I', o) is an interactive beliefs structure generating a
description of the possible hierarchies of beliefs about
parameters (utility functions) and about choices, as
illustrated in the leading example. These hierarchies
satisfy by construction all of the necessary coherence
conditions, given o. In a psychological game, if the
profile of decision functions ¢ is a Bayesian equilib-
rium, the choice of each type is a best reply to its
belief hierarchy, and this is common belief; therefore,
no further condition has to be added to the definition
of equilibrium. Unlike a Bayesian psychological game,
a complete-information psychological game does not
come equipped with a type structure; hence, there
seems to be no way to automatically unfold belief
hierarchies starting from a profile of strategies s.

Despite this, there is no substantial difference be-
tween the two equilibrium concepts; as a matter of
fact, one is a special case of the other. To see this, note
that a complete-information psychological game G
can be interpreted as a trivial Bayesian game I' with
just one type for each player. In this case, a pro-
file o of maps from types to strategies is just a profile
of strategies s in G. Hence, the unique type of each
player i corresponds to the degenerate hierarchy of
beliefs whereby beliefs of all orders are correct: the
first-order belief of i assigns probability one to s_,
and higher-order beliefs assign probability one to the
lower-order beliefs of coplayers. Strategy profile s is a
Bayesian equilibrium if each player’s strategy is a best
reply to the belief hierarchy of this player’s unique
type. Therefore, the profile of trivial maps o =s and
associated belief hierarchies is an equilibrium of the
trivial Bayesian game I' if and only if it is an equi-
librium of G according to the complete-information
definition.

However, Harsanyi’'s methodology allows for a
more flexible approach to complete-information equi-
librium: a type structure in the sense of Harsanyi
may have so-called “redundant” types, i.e., distinct
types that nonetheless feature the same utility param-
eter and the same hierarchy of beliefs about utility
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parameters. This means that a complete-information
game G can be equipped with a type structure J
with multiple redundant types, thus obtaining a non-
trivial Bayesian game I' = (G, 7). Although all types
in I' have the same utility function and hierarchi-
cal beliefs about utility functions, now an equilib-
rium profile o can map different types to different
strategies. As a consequence, in a Bayesian equilib-
rium players may be uncertain about the strategies
and hierarchical beliefs about strategies of the coplay-
ers.’® In other words, even if the utility functions
are common knowledge and hence exogenous hier-
archies of beliefs are trivially unique, there may be
multiple hierarchies of endogenous beliefs. If there
are sequential moves, this implies that players can
change their mind about the coplayers’ intentions
as the play unfolds on an equilibrium path, which
is impossible according to the complete-information
equilibrium concepts of Geanakoplos et al. (1989) and
Battigalli and Dufwenberg (2009)."”

3.8. Actual Distribution of Types and Predictions
We adapt to psychological games the general notion
of Bayesian equilibrium of Harsanyi (1967, 1968a, b),
which is inherently subjective, because players’ beliefs
are not derived from an objective distribution over
types. In fact, our models do not assume that play-
ers know the objective statistical distribution of types
and derive their exogenous beliefs from such distri-
bution.'® If this were the case, different types could
have different beliefs only if the types of A and B
were correlated, as in the case (for example) with
assortative matching. However, under the random-
matching structure typical of lab experiments, the
types of A and B are objectively independent, with
marginal probabilities given by the frequency distri-
bution of types in the population from which sub-
jects are drawn at random. Hence, conditioning on
his own type, a player cannot learn anything about
the type of the coplayer. With this, in a Bayesian
equilibrium, a player’s first- and second-order beliefs
about the coplayer would be type independent, con-
trary to the findings of the experimental literature,
which suggests instead that such beliefs are very
heterogeneous."

We analyze equilibria of Bayesian games with sub-
jective beliefs to allow for such heterogeneity. Hence,

16 With standard (i.e., belief-independent) preferences, this is equiv-
alent to the subjective correlated equilibrium concept (Branden-
burger and Dekel 1987).

17 See the notion of “polymorphic sequential equilibrium” of Batti-
galli et al. (2015, p. 8).

8In other words, we do not assume an “objective” common prior
on the state space.

19 See the references cited in §1.
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our equilibrium analysis does not have to posit an
objective statistical distribution on the type space. Of
course, such a distribution is necessary to derive sta-
tistical predictions. This is apparent in our leading
example. The relative frequency of the trusting strat-
egy I and of “optimistic” first-order beliefs (a, > 1/2)
is just the fraction of A agents in the population who
believe that the high-guilt type 6" is more likely than
the low-guilt type 6-. The relative frequency of the
sharing strategy S coincides with the fraction of B
agents whose guilt type is 7. Finally, the relative
frequency of “optimistic” initial second-order beliefs
(Bf > 1/2) is the fraction of B agents who believe that
with more than 50% probability A deems 6" more
likely than 6'.

A subtler question is whether we should expect to
observe a positive correlation between (conditional)
second-order beliefs and the propensity to Share. It
turns out that this is the case if the guilt and epis-
temic components of B’s type are statistically inde-
pendent.”” We extensively comment on statistical pre-
dictions in §6.

4. Role-Dependent Guilt

We analyze a model that generalizes the example of
§3.3: player A is commonly known to be a material-
payoff maximizer, but there are infinitely many pos-
sible guilt types of player B. If the agents playing
in roles A and B are drawn at random from the
same population, as in most experiments, then we are
assuming that the “potential” guilt sensitivity of an
agent becomes an actual tendency to live up to the
other’s expectations only if this agent plays in the role
of the “trustee” B. See the discussion in §1.

4.1. Type Structure
Because player A is commonly known to be selfish,
0, = {0}. The set of possible guilt types of B is a closed
interval ©, = [6%, #7] with 0 < 0" <1 and 0" > 2. The
beliefs of each player i about the type of coplayer —i
are solely determined by the epistemic type e; € ¢,
with the convenient parametrization €; = [0, 1]. There-
fore, T, =1{0} x €, =€, and T = [6", HH] [0, 1].
Each type of player A believes that the guilt and
epistemic types of B are statistically independent.
We let e, =t, € T, parametrize A’s subjective dis-
tribution over the guilt types of B: P, [J; < z] =
G;,(z), where the cumulative distribution function
(cdf) G, : R — [0, 1] has support [6", 6] and is con-
tinuous on (8", 6"), and G, (z) is continuous in t,

? This is just a sufficient condition for all models based on the Trust
Minigame with guilt aversion.
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for each z € (6%, 0").2! The beliefs about 9 of higher
types first-order stochastically dominate those of
lower types

ty<t; = Gy(2)>Gy(), (6)

for all z € [6*, 07) and t, t}; €0, 1].

We also assume that there exist thresholds t, > 0
and t, <1 such that every type t, < t, believes that
U3 < 1 with more than 50% probability, and every
type t, > t, believes that 3, > 2 with more than 50%
probability

ta:=sup{ty: G, (1) >3} >0,

7)
ty:=min{t,: G, L(2) < <1

By continuity of G, (z) in t4 and z, and the stochastic-
order assumption (6), f, (respectively, t,) is the
unique solution to G, (1) =1/2 (respectively, G, (2) =
1/2), and t, <t,.

The marginal beliefs of each type t, about the epis-
temic type of B are given by the same continuous cdf
F: R — [0, 1] with support [0, 1].* The resulting belief
function 7,: T, — A(T}) satisfies

Ta(t)[Vs <zNey <yl =G, (2)F(y), 8)

for all t,,y €[0,1] and z € [0, 6].

Each epistemic type ez of B has beliefs about A’s
type given by a continuous cdf F, : R — [0, 1] with
support [0, 1]. The resulting belief function 75: T, —
A(T,) satisfies

T5(05, ep)[ta <x]=F, (%), ©9)

for all 6; € [0, 6"'] and eg, x € [0, 1].2 Furthermore,
we assume that the following stochastic-order prop-
erty holds: the conditional expectations [, [t, |t, > x]
are strictly increasing in ey

eg<eg =

m/ todE, (1)

< F nE )/ thdE,(ty),  (10)

*! The distribution G,, has support [6", 6] if it is strictly increasing
on [6%,0"], G,,(z) =0 for z < §", and G,,(z) =1 for z > §". We
allow for atoms at 6- and 6", as in the parametrized cdf

0 z <0,
z— L
GtA(Z): 1—tA—s+ae _—m Ot <z <61,
1 z>6",

which essentially gives back the leading example for & small:
P[0 =0"]=t, P, [9;=0"1=1—1,—¢.

2 That is, F is strictly increasing on [0, 1] with F(0)=1—F(1) =0.
2 Conditions (8) and (9) imply that there is no perception of false
consensus. See the discussion in §6.
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for all ey, ep € [0,1] and x € [0, 1). Intuitively, this
means that higher epistemic types of B have higher
beliefs about the (epistemic) type of A.**

All of the above is common knowledge. Because
the beliefs of type (6, e3) depend only on the epis-
temic component e, to ease notation, we write az(ep),
B7(ez), BL(ep) instead of, respectively, «g(63, ep),
B2 (05, e5), By (05, ep), as we did in the leading example.

4.2, Equilibrium Analysis

By Remark 1, there is a pooling equilibrium with
no trust and no cooperation. Henceforth, we study
the nondegenerate equilibria, i.e., those where a pos-
itive fraction of A types choose In. Our assumptions
imply that all nondegenerate equilibria exhibit thresh-
old decision functions whereby higher types choose
the prosocial action (the threshold types cannot be
atoms; therefore their choices are immaterial). We call
such functions “monotone.”

DerINITION 1. Decision function o, is monotone
(increasing) if there is a threshold ¢, € [0, 1] such that,
for every t,,

tA < ?A = UA(tA)ZO,

tA > EA = ("A(tA)ZI.

Decision function o is monotone (increasing) in 0
if, for every ey € [0, 1], there is a threshold 6;(e;) €
[6%, 6] such that, for every 6,

05 < éB(eB) = og(0s,¢5) =K,
05 > éB(eB) = og(0p, e5) =S.

Finally, decision function o is monotone (increasing) in
e if, for every 6, € [6%, 7], there is a threshold é,(6;)
such that, for every e,

ep < ép(0y) = o0y, e5) =K,

eg > é5(0;) = op(0g, e5)=S.

A nondegenerate equilibrium (o, o) determines
the endogenous belief functions a,, BZ, and B} as in
Equations (3)-(5), so that ¢;'(I) has a positive mea-
sure, o,(t,) is a best reply to a,(t,) for all t,, and
05(05, ep) is a best reply to BL(e;) for all 6; and ey

% This assumption holds if the epistemic types of B are ordered by
hazard rate. When every cdf F, is differentiable with density f,,,
this can be expressed as follows:

Fult) o (t)
T-Fy(t) ~1-E (8

/ %
ep<ep =

for all e, ej €[0,1] and t, € [0,1). See Shaked and Shantikumar
(2007, pp. 16-17).
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The incentive conditions give
a,t) <t = o,t)=0,
N A -
a,(ty) > % = Oty =1,
2<4—-20,BL(ez) = o030, e5) =K,
5B5(ep) (05, €p) (12)
2>4_293I3;3(63) :> UB(HB’ eB)ZS,

for all t, € Ty, (03, ep) € Tj.

ProrosITION 1. Every nondegenerate equilibrium of
the model given by (6)—(10) has the following structure.

(a) o, is monotone with threshold t, € [t,, t,], which
is the unique solution to equation

aA(tAA) = %r

where
ault)= [ (1-G,, (1/Bj(es) dF(ey),
[0,1]

forall t, €[0,1].

(b) o is monotone in Oy with threshold function
6(es) =1/ B (ep), and monotone in ey with threshold func-
tion &(65) = (Bs) ™" (1/6)).

(c) The endogenous beliefs of B satisfy

ag(eg) =1- FeB(EA) >0,
Bie=1-[ [ G, (1/B4(x)dF(x)dE, (L),
[0,1] /[0, 1]

By(es) = E[on [ty > NE %/
for all ez €[0,1].

Proposition 1 characterizes the structure of all non-
degenerate equilibria of the model. Such equilibria
have monotone decision functions. By condition (6),
the higher the epistemic type of A, the higher A’s
belief that the guilt type of B is high. Because higher
guilt types of B have a higher propensity to Share,
A’s first-order belief is increasing in t,; hence, accord-
ing to the incentive condition (11), all epistemic types
of A higher than f, choose In.

By (10), higher epistemic types of B hold higher
second-order beliefs on the epistemic type of A con-
ditional on I. Because all epistemic types of A higher
than f, choose In, Bj(e;) = E loea |ty > t,] is increas-
ing in ep. Hence, incentive condition (12) implies that
the decision function of B is monotone both in 6;
and in eg. Such decision function is characterized by
a decreasing threshold function é(6;), as shown in
Figure 3.

As anticipated in §3.4, our assumptions imply that
nondegenerate equilibria are the only ones consistent
with forward-induction reasoning. Choice I signals
that a, > 1/2. Therefore, B5(e;) > 1/2, and A predicts
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Figure 3 (Color online) Equilibrium Choice of B

‘B K // s

that all of the types with 6; > 2 would Share; thus,
a,(ty) =P, [95 > 2]. By assumption, P, [95 > 2] >1/2
for all ¢, € (¢4, 1]; hence, the measure of the set of A-
types trusting B is at least 1 — £, > 0.

On the other hand, 1 — a,(t,) > P, [¥; < 1]. By
assumption, P, [¥; < 1] < 1/2 for all t, € [0, t,);
hence, the measure of the set of A types that do
not trust B is at least f, > 0. Therefore, there is
heterogeneity of behavior and of endogenous beliefs
among A types. As for B, heterogeneity of behavior
is quite obvious from incentive condition (12), given
that B uses forward induction, and that there are types
with 6 > 2 and types with 0 < 1. Heterogeneity of
endogenous beliefs follows from forward-induction
reasoning and our assumptions about exogenous
beliefs.

5. Role-Independent Guilt

We now analyze a model of situations where the
agents playing in roles A and B are drawn from the
same population, as in most games played in the lab-
oratory. If guilt aversion is not affected by the role
played in the game, the type structure must be sym-
metric. To anticipate, the main difference from the
model of §4 is that here also player A may experi-
ence guilt feelings triggered by the expectation of B’s
disappointment. This is related to other differences
between the assumed type structures.

Player B can only be disappointed after the termi-
nal history O, in which case the extent of his disap-
pointment also depends on what he plans to do in the
subgame, i.e., his strategy. To derive B’s disappoint-
ment, first note that his expected material payoff is

1-(1—oag)+2-ap ifsz=S,

E =
[ ] {1-(1—a3)+4-a3 if 55 = K.

Because mp(O) =1 is the lowest material payoff
for B, Egz[mg] > mp(O), and B’s disappointment after
O is

max{0, Eg[mg] — my(0)}

ap  ifsz=S,

13
Bap if sy=K. (13)

Z[EB[mB]_lz{
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Figure 4 The Trust Minigame with Psychological Utilities of A and B

Ann In Bob M 59

Out Keep

(1-6,B4. 1) (0,4 - 26,B)

We can represent this strategic situation with a psy-
chological game parametrized by the guilt sensitivi-
ties 6, and 0. To analyze such version of the Trust
Minigame with guilt aversion, we need to expand
our notation about beliefs by introducing a feature of
Ann’s second-order beliefs, her expectation of Bob’s
disappointment if she goes Out

B_A =, [Eg[m] —mp(O)].

The psychological game with role-independent
guilt aversion is more easily represented in a sort
of reduced form where each player’s psychological
utility depends on each player’s own endogenous
second-order belief rather than the coplayer’s endoge-
nous first-order belief, as shown in Figure 4.”

5.1. Type Structure

The possibility that both players can feel guilt com-
plicates the analysis. Therefore, we introduce some
restrictive assumptions on the type space to maintain
the tractability of the model. In particular, whereas
keeping the continuum of epistemic types on both
sides, we now assume that each player i’s guilt type
can only take two values, low or high; ie., 6, €
{0", 67}, with 6* =0 and 6" > 1. As in the pre-
vious section, we assume that €, = [0, 1], and that
each epistemic type of each player i believes that the
guilt and epistemic types of player —i are indepen-
dent.”® Specifically, we model the exogenous beliefs
of both players as we did for player A in the lead-
ing example of §3.3: e¢; parametrizes i’s subjective
probability of the high-guilt type of the coplayer:
7,(0;, ¢)[V_; = 6"] = ;. This implies that, for each i,
t.=(0;,¢) e {0, 0"} x[0,1] =T and that we can write
7: [0, 1] — A({6", 67} x [0, 1]). As a consequence, the
endogenous second-order beliefs of players A and B
are independent of their guilt type. We also assume

% Here we use an observation by Battigalli and Dufwenberg (2009):
A psychological utility function of the form u;: @, x Zx#; x# _; — R
can be replaced by a utility function ii;: ®; x Z x #; — R inducing
the same best-reply correspondence, which depends only on the
endogenous beliefs of i. As the example shows, this may require
replacing the low-order initial beliefs of others with one’s own
higher-order conditional beliefs.

%In the model with role-dependent guilt this assumption holds
trivially for the beliefs of B about A, because there is only one
possible guilt type of A.
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that each type of each player has the same marginal
beliefs about the epistemic type of the coplayer given
by a continuous cdf F with support [0, 1]. Thus,

Ve, e[0,1],Vx, 7(e)[d ;=0"Ne ;<x]=¢,F(x), (14)
where F is strictly increasing on [0,1] and admits
a density f. Note that here the epistemic type of B
parametrizes an exogenous first-order belief, i.e., B’s
subjective probability that the guilt type of A is high.
By contrast, in the model of §4, there is only one possi-
ble guilt type of A and e parametrizes the exogenous
second-order belief of B.

By Equation (14), i’s expectation of e_; is indepen-
dent of e;; hence, we write [, [e_;] =[E[e_;].”” To sim-
plify the exposition and avoid tedious discussions of
subcases in the equilibrium analysis, we assume that
this expectation is not too low

Fle_,]> L. (15)

5.2. Equilibrium Analysis

Remark 1 applies to this model as well; hence, there
is a pooling equilibrium with no trust and no coop-
eration. Henceforth, we focus on the characterization
of equilibria (o,, 6;) such that ¢;'(I) has a posi-
tive measure, i.e., the nondegenerate equilibria. The
most important difference from the model of §4 is
that, here, choice I is not a clear signal of A’s trust,
because A’s guilt type may be high, and high-guilt
type (0", e,) may choose I in equilibrium even if
a,(ey) < 1/2, to avoid disappointing B. Specifically,
Equation (13) shows that B’s disappointment is max-
imal when he plans to Keep. Therefore, choice I may
be interpreted as a signal that A’s guilt type is high,
A expects B to Keep and goes In to prevent B’s disap-
pointment. The following result is a stark illustration
of this phenomenon.

PrROPOSITION 2. In the model given by (14) and (15)
the following is an equilibrium: o ,(6%,e,) =0, a,(67,¢,)
=1, and oyz(0", ey) = o5(0", e5) = K for all e, and ey,
which yields the following endogenous beliefs: a,(e,) =0,
Baes) = 3E[ey], ayles) = e, and BE(es) = Bh(es) =0
for all e, and ej.

The equilibrium described by Proposition 2 is struc-
turally different from the nondegenerate equilibria
of §4: here, every B-type Keeps and, despite this, high-
guilt types of A choose I, because the prospective
guilt from disappointing B prevails over the monetary
incentive. The following proposition characterizes the
other nondegenerate equilibria.

Z All expectations not indexed by the epistemic type e; are deter-
mined by the common marginal cdf F on €_; =10, 1].
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ProPOSITION 3. In the model given by (14) and (15)
the mnondegenerate equilibrin (o ,, o) with heteroge-
neous behavior by B types have the following struc-
ture: ay(0", eg) = K for every ey; the decision functions
o,(0",) (ne{L, H}) are monotone increasing; oz(07, )
is monotone decreasing; and the corresponding thresholds
el, ét, and él, with 0 < éff <éL <1 and 0 <éll <1, are
such that

()
o . 1
“i=min] 1 g |
é§>0 = 1_9HBA(€AE)=20‘A(EA§)/
and

ay(eq) = esF(Ey),

Bales) = (1—F(3) (3 —2F(éf)es)
+ (F(é3) — F(é})))3Eeg]
—2(F(é3) — F(&}))eaF (éy)
“Eley oy =5NY;=06"],

for every e,. Hence, a,(-) is increasing, and B,(-) is

decreasing.
(b) .
0<éfl <1 = Bé(é?):e—H,
and

ag(ep) = (1—F(é4)) + (F(&3) — F(é4))es,
BF (es) = F(é5) Ele4],
Bs(es) = F(é5)(Eley | oy =1N, = 0"]ep
+Eeq o =1NY,=0"(1—ep)),

for every eg. Hence, ag( ) is increasing, B4 (-) is constant,
and BL(-) is decreasing.

The equilibria of Proposition 3 are more similar to
those of §4. In both models, higher epistemic types
of A are more confident that the guilt type of B is
high and hence B would Share. As for player B, B5(ez)
is decreasing in ey, and so is the decision function
a;(07, e5). The reason that Bj(e;) is decreasing, unlike
the model of §4 where it is increasing, is that here
ep parametrizes the first-order beliefs, not the second-
order beliefs, of B.** A high (respectively, low) epis-
temic type of B thinks that A’s guilt type is likely to
be high (respectively, low). Therefore, high epistemic
types of B tend to explain choice I as the result of A’s
high guilt aversion, despite the fact that a, is low,
whereas low epistemic types of B think that A is self-
ish and explain I with a high a,.

% In §4 the exogenous first-order beliefs of B are trivial, because B
knows that A is selfish.
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6. Discussion

We discuss the relevance of our models for experi-
mental work, and then we offer our methodological
perspective on the use of the Bayesian equilibrium
concept.

6.1. Empirical Predictions

An equilibrium specifies actions, beliefs about
actions (endogenous first-order beliefs), and beliefs
about beliefs about actions (endogenous second-order
beliefs) for each type of each player. We focus on non-
degenerate equilibria of the Trust Minigame where a
positive fraction of A types trust the second mover, B.
Qualitative predictions about behavior and hierarchi-
cal beliefs about behavior can be obtained by assum-
ing that the actual distribution of types satisfies some
mild assumptions.”” Such predictions can be used to
organize experimental data.

6.1.1. Heterogeneity and Correlations. If the dis-
tribution of types has a rich support and the upper
bound on guilt aversion is sufficiently high, we should
expect not only heterogeneous behavior but also het-
erogeneous hierarchical beliefs about behavior, with
a large fraction of subjects who exhibit intermedi-
ate beliefs.* Furthermore, if the epistemic compo-
nent of players’ types, e;, is statistically independent
of the guilt component, 9;, then we should observe
a positive correlation between prosocial actions and
endogenous second-order beliefs, for player B and—
in the case of role-independent guilt—also for player
A. Indeed, the willingness to choose the prosocial
action, in particular the willingness to Share of B, is
an increasing function of the guilt type and of the
endogenous (conditional) second-order belief. In our
model, the latter depends only on the epistemic type.
If epistemic and guilt types are statistically indepen-
dent, then the prosocial action must be positively
correlated with the endogenous second-order belief.
Without relying on equilibrium analysis, Charness
and Dufwenberg (2006) derive such positive correla-
tion for B subjects (supported by the data) from the
assumption that, in our notation, 93 is statistically
independent of the conditional second-order belief B.
This is consistent with our equilibrium analysis, but
instead of assuming independence between 33 and the
endogenous belief BL, we derive it from the indepen-
dence between ¥; and e, which are both exogenous.

¥ Recall that our models specify interactive beliefs for each type
but are silent on the actual distribution of types.

% Attanasi et al. (2013) instead implement in an experimental treat-
ment a situation close to complete information, i.e., one where the
support of exogenous beliefs for each matched pair of subjects is
very small. They show that in this treatment endogenous beliefs
tend to be extreme, as predicted by the complete information the-
ory, whereas in the control treatment (incomplete information) they
are indeed heterogeneous and mostly have intermediate values.
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Statistical independence between the guilt and
epistemic components of types is a natural bench-
mark. However, it is also plausible to assume that,
by a kind of false-consensus effect (see Ross et al.
1977), types with higher guilt aversion tend to have
higher beliefs about the aversion to guilt of the
coplayer. Adding such positive correlation to the
model with role-independent guilt yields a nega-
tive correlation between the conditional second-order
beliefs of B subjects and their guilt type: high-guilt
types of B tend to believe that the guilt type of A
is high and to explain A’s trust as a desire to not
disappoint B rather than to obtain a higher material
payoff. This tends to decrease the correlation between
the prosocial action and the conditional second-order
belief. On the other hand, when A is known to be
selfish (role-dependent guilt), we may have a differ-
ent kind of false consensus: the higher the guilt type
of B, the higher (in the stochastic sense) B’s belief
about A’s belief that B’s guilt type is high. In this case,
positive correlation between the guilt and epistemic
components tends to strengthen the positive correla-
tion between the prosocial action and the conditional
second-order belief.*!

6.1.2. Further Analysis of Beliefs. The theoretical
insights of our models can be used by experimental
economists to extend the elicitation and analysis of
players’ beliefs, design new experiments, and explain
previous experimental results.

First, our theoretical analysis highlights the impor-
tance of beliefs that are not considered in the experi-
mental literature on the Trust Game, specifically, the
second-order beliefs of A, and the initial beliefs of B.>?
The former are relevant when also A may be guilt
averse: as discussed above, the presence of such guilt

3 The actual existence of a false-consensus effect does not imply
that players’ subjective beliefs must display a perception of false
consensus for the coplayer. Such perceptions are modeled by the
type structure. In our models there is no perception of false con-
sensus because of the twin assumptions that the belief maps do
not depend on the guilt component of players’ types, and that each
player deems the epistemic component of the coplayer type to be
independent of the guilt component. However, taking into account
what we just said about the actual false-consensus effect, we can
speculate about the effect of introducing the perception of false con-
sensus in our models. If, in the model with role-dependent guilt,
we let A perceive a positive correlation between the guilt and epis-
temic components of B’s type, the qualitative results do not change:
now A expects high-guilt types of B to be even more cooperative
because A expects them to hold on average higher endogenous
second-order beliefs. On the other hand, the effects of introduc-
ing a strong perception of false consensus in the model with role-
independent guilt are not clear: here higher-guilt types of B should
be expected to hold on average lower endogenous second-order
beliefs.

%2 Gee, e.g., Charness and Dufwenberg (2006), Ellingsen et al. (2010),
and Chang et al. (2011). More precisely, Chang et al. (2011) elicit B’s
first-order beliefs, although they do not use them in the analysis.
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aversion should yield a positive correlation between
A’s second-order beliefs and the propensity to go In.
New experiments eliciting such beliefs could check
for such correlation, thus providing indirect evidence
on the role dependence of guilt aversion. As for
B’s beliefs, choice should correlate with conditional
beliefs, but also initial beliefs are relevant because
they reflect B’s strategic reasoning before playing the
game.*

Our analysis also provides a potential explana-
tion of why the conditional second-order beliefs of
B subjects do not conform to the classical forward-
induction argument: if A is known to be selfish, then
Br =Egz(ay | I) > 1/2 because A goes In only if e, >
1/2. However, as shown in §5, if A is perceived by
B as potentially guilt averse, action In may be inter-
preted as a desire not to disappoint B. Hence, it may
well be the case that 85 < 1/2. Indeed, experimental
data show that a significant fraction of B subjects hold
such low conditional second-order beliefs.**

6.2. Applicability of Subjective Bayesian
Equilibrium

Our use of Bayesian equilibrium to model behavior
and endogenous beliefs in games with belief-depen-
dent preferences deserves discussion. Here we first
explain why the traditional justification that equilib-
rium is attained through learning does not apply, then
we elaborate on our interpretation of Bayesian equi-
librium analysis.

6.2.1. Equilibrium and Learning. It is frequently
argued that equilibrium analysis is appropriate to
organize data because agents learn equilibrium be-
havior by playing a game many times against ran-
domly matched coplayers. Here we do not rely on
such justification for several reasons.

First and most importantly, in so far as we aim
at organizing experimental data, we must take into
account that, in most experiments on the Trust Game
and other social dilemmas, subjects play the game just
once or perhaps a few times; hence, they cannot learn.

Second, as noted by Battigalli and Dufwenberg
(2009), once behavior has stabilized in a recurrent
game, strategy distributions should look like a self-
confirming equilibrium, which may be different from

¥ The connection between strategic reasoning and hierarchies of
initial beliefs in dynamic games is clarifed by the literature on epis-
temic game theory. See Dekel and Siniscalchi (2015) and references
therein.

% For example, in Charness and Dufwenberg (2006)—where the
forward-induction threshold is 1/2 (7/10) in treatments with 5-5
(7-7) outside options—only 42% (19/45) of B subjects in the control
treatment with 5-5 outside options and only 31% (15/48) of B sub-
jects in the control treatment with 7-7 outside options have a con-
ditional second-order belief above the forward-induction threshold.
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a Nash or Bayesian equilibrium if agents have belief-
dependent preferences.

A third related issue is that we use the general,
subjective notion of Bayesian equilibrium, because we
assume that players do not know the objective dis-
tribution of types. Then, even with standard pref-
erences, Bayesian equilibrium is not the right tool
to capture self-confirming patterns of behavior. The
reason is that Bayesian equilibrium postulates that
players have correct conjectures about the true (type-
dependent) decision functions of coplayers, but this
assumption can be justified by learning only in those
rare situations where agents obtain sufficient informa-
tion feedback to correctly identify the actual decision
functions. However, such fine information feedback
typically allows one to also identify the distribution
of types, which yields an objective Bayesian—Nash
equilibrium (see Dekel et al. 2004). When instead
such strong assumptions about information feedback
do not hold and we model steady states of learn-
ing dynamics, beliefs about parameters are not exoge-
nous, as in subjective Bayesian equilibrium analysis,
because they have to be consistent with the long-
run frequencies of observations implied—via infor-
mation feedback—by the frequencies of parameter
values and choices (e.g., observations of realized mon-
etary payoffs).

In summary, many experiments about social dilem-
mas are not designed so as to make subjects choose
recurrently; hence, there cannot be any equilibrating
process through learning. However, even if equilib-
rium analysis aims at organizing data about stabi-
lized behavior in situations of recurrent interactions,
subjective Bayesian equilibrium is not the appropriate
tool, and a different approach is called for.

6.2.2. Equilibrium and Strategic Reasoning. We
instead use Bayesian equilibrium analysis to pro-
vide an orderly and consistent description of strate-
gic reasoning in an incomplete-information environ-
ment without assuming that behavior has stabilized,
e.g., because subjects play just once. It has been
shown that, if one drops—as we do—the assumption
that exogenous beliefs are derived from an objective
distribution, then the Bayesian equilibrium assump-
tion that players hold correct conjectures about the
coplayers’ decision functions just ensures that behav-
ior and endogenous beliefs are consistent with a
common certainty of rationality, which is character-
ized by incomplete-information rationalizability (Bat-
tigalli and Siniscalchi 2003). This result refers to
equilibrium outcomes encompassing all of the subjec-
tive Bayesian equilibrium models based on a given

% This result relies on the existence of redundant types. Its earliest
version is due to Brandenburger and Dekel (1987), who analyzed
subjective correlated equilibria of games with complete infomation.
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game form with parametrized utility functions. Of
course, our specific assumptions about exogenous
beliefs yield equilibrium implications that go beyond
mere rationalizability. Therefore, we offer an analysis
between objective Bayesian—-Nash equilibrium and the
most general notion of incomplete-information ratio-
nalizability. In particular, our discussion of the model
with role-dependent guilt emphasizes that some key
results about nondegenerate equilibria follow from a
forward-induction logic: all of the guilt types 05 > 2
(those who would Share if they were sure that a, >
1/2) do indeed Share given A’s trusting action In,
because they rationalize such action and infer that
a, > 1/2.3% Predicting this, all of the types of A who
assign more than 50% probability to ¥; > 2 play the
trusting action. On the other hand, the types who
assign more than 50% probability to ¥; < 1 stay
Out, because they understand that all of the guilt
types with 6; <1 would Keep, independently of their
beliefs. Given the heterogeneity of exogenous beliefs,
forward induction is enough to imply heterogeneity
of behavior and of endogenous beliefs.

Our equilibrium analysis goes beyond these key
insights, yielding monotone decision functions and
the correlations discussed in the previous subsection.
Furthermore, in the model with role-independent
guilt, the forward-induction logic does not have such
clear-cut implications, because action In may be ratio-
nalized by a desire not to disappoint B rather than get
a high monetary payoff.

It would be interesting to further depart from tra-
ditional equilibrium analysis and explore a rational-
izability approach to guilt aversion in social dilem-
mas whereby some “natural” restrictions on beliefs
are taken as given and commonly understood.*” Bat-
tigalli et al. (2013) use this approach in the analysis of
a cheap-talk sender—receiver game.
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Appendix

Proof of Proposition 1

The statement is implied by the following claims, which
hold for every nondegenerate Bayesian equilibrium (o, o)
with endogenous belief functions a, a, Bf, and BIB.

Cram 1. For all ey € €5, Bh(ep) > 3.

Proor. In a nondegenerate equilibrium, o,(t4) =1 for a
set of types with positive measure. By assumption, for each
ey, F,, has full support; hence P, [0, =I] >0 and Bj(ez) =
[, | o4 =1] are well defined. Because o () =1 only if
a,(ty) > %, then

Bi(ep) =t [as]04=1] Z[Eeg[aA ey > %] = % |

CrLAIM 2. For every (63, eg) € Ty with 0 > 2, 03(03, e3) =S.

Proor. By Claim 1, BIB(eB) > % ; therefore, 03 > 2 implies
2>4-20,BL(e;) and o5(05, e5) =S. O

CrAIM 3. For every t, > t,, o4(ty) =1

ProoOF. By definition of t, if t, > t, then 7,(t,)[9; > 2] >
1/2. By the stochastic-order assumption (6), it follows that

ta>ts = au(ts) =74(ta)[05 =51 = 74(t0)[95 > 2] > %

Therefore, o,(t,) =1 for every t, > f,. O

CLaM 4. Decision function o is monotone in 6y with
threshold 6(eg) =1/BL(ep) < 2.

Proor. Fix ey arbitrarily. By incentive condition (12),

K if 65 < 6(ep),
S otherwise,

o3(05, €5) = {
where the threshold f(es) = 1/BL(ez). By Claim 1,
O(ep) <2. O

CraiM 5. Decision function o, is monotone with threshold
ty € [ta, ta], which is the unique solution to equation

|G, (/B (e)) dF(e5) = 3. (16)
[0,1]

Proor. By Claim 4,

1
ay(ty) = TA(tA)[ﬁB > %}
= Joy (1~ Cua (/B (ex))) dF (e)-
Therefore, by the stochastic-order assumption (6), t), <t}
implies

st = [ (1= Gy, (1/BL(es)) dF(ey)

< [ (1= Gy (1/Bh(es)) dF(eg) = s (t)):
[0,1]
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Because a,(t,) < 1/2 and a,(f,) > 1/2, threshold f, is
the unique solution f, € [t,, 4] to Equation (16). Incentive
condition (11) implies that o, is monotone with thresh-
oldf,. O

Claim 5 implies that

flep) =1~ Gy, (1/B}(x) dF()dE, (£1).

[0,1] /[0, 1]

Cram 6. B} is strictly increasing.

Proor. By Claim 5 and the assumption that each F,(-)
is continuous and strictly increasing on [0, 1],

Bi(es) =F, [os |04 =11 =F, [os [ty > tal,

where f, is the threshold of Claim 5 and Byl [ty > i, is
strictly increasing in eg by Equation (10). O

CraM 7. Decision function oy is monotone in eg with thresh-
old function é(05) = (B%)~1(1/65).
PrOOF. By Claims 4 and 6, BL(e5) = 1/65(ep) is increas-

ing, hence invertible. Thus, incentive condition (12) implies
that o is monotone in ez with threshold function é(6;) =

(By)~'(1/65). O
Craiv 8. The endogenous first-order belief of B is

ag(ep) =1— FeB(fA) > 0.

Proor. Claim 5 implies that
ag(ep) =1-— EB(EA)'

The fact that £, < f,, together with the assumptions that
t, <1 and that each F,,(-) is continuous and strictly increas-
ing on [0, 1] imply that az(eg) >0. O

Proof of Proposition 2

We must show that the candidate equilibrium where
0,4(0",e4) =0, 0,(0%,e,) =1, and oy(0;, ez) =K for all ey,
05, and ey satisfies the incentive constraints. These decision
functions imply that a,(e,) =0 and ag(ez) =P, [, = 6]
= ey for all e, and e;. Therefore,

Bx(es) = BF (e) =0,
and

Balen) = E,, [Ee,[mg] —mp(O)] =E,,[1 - ap+4az—1]
= 3E,, [op] =3E[ey] > 1,

where we used the definition of B, and Bayes’ rule, the
definition of B,, Equation (13), and condition (15).

The beliefs equations for A and the fact that 6L =0 and
6" > 1 imply that incentive condition (11) holds for every
type of A, whereas incentive condition (12) holds for every
type of B because B;=0. O
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Proof of Proposition 3

We start from the conjecture that a strictly positive frac-
tion of A types choose I and provide a characterization
of the equilibria that verify this property. We analyze the
equilibrium decision functions o,(0",-): [0,1] — {I, O},
o(6",-): [0,1] = {S, K}, with n=H, L, and we show that
o4(0",-) is monotone increasing and o3(0",-) is mono-
tone decreasing. We also provide a characterization of some
properties of the endogenous beliefs. We do so by proceed-
ing through a series of claims.

The observation that low-guilt types of B choose K
(Remark 2) is used to prove that o,(6%,) is monotone
(Claim 9). Then, we show that in every nondegenerate equi-
librium A’s expectation of B’s disappointment, B 4, 1s strictly
positive (Claim 10). Next, we prove that 4 > 0 implies that
B believes a high-guilt A to be strictly more likely to go
In than a low-guilt A (Claim 11). We use this implication
to characterize the monotonicity of the endogenous beliefs
of B (Claims 12 and 13), and to prove that o (6", -) is mono-
tone decreasing (Claim 13). Next, we prove that o4(6", -) is
monotone (Claim 14).

Remark 2, Claim 9, and Claims 12-14 taken together lead
to Proposition 3.

REMARK 2. Player B’s incentive condition, characterized
by Equation (12) also in this model, implies that o (6%, e5) =
K for every ej.

Let u, be the common marginal belief of each type
of A about the epistemic type of B, and let EI° =
{eg: o5(0", e5) = S}. The next claim shows that both A’s
initial first-order belief and her 6 decision function are
increasing in her epistemic type.

Cramv 9. For every ey,
ay(ey) = eA/J“A[EII;S]/
I ife,>él,

o0, e,) = .
a( 2 O otherwise,

where &4 =min{1, 1/2u,[EF*])} € [3, 1].
Proor. Remark 2 and B’s incentive condition imply
[o5=S]={(05, ep): 05 = 06", 6" By(es) > 1).
By assumption, 7, (e4)[95 = 07 Neg <y]=e,F(y) for each y.
Therefore,

@en) = walenlon =51 =ma(en)| 95 =" g} = i |

= eAIU“A[EtI;IS]/

which is increasing in e,. The incentive condition (11)
for A when the guilt type is low implies that é§ =
min(1, 1/(2u4[Ef*])); note that ¢} €[1,1]. O

Next note that, in a nondegenerate equilibrium, A nec-
essarily expects to disappoint B by going Out. We formally
state this in the following claim.

Cramm 10. In every nondegenerate equilibrium, B,(es) > 0
for each e,.
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Proor. In a nondegenerate equilibrium a positive frac-
tion of A types go In; i.e., the set

{ea: 04(0", e4) =T} Ufey: a,(67,e4) =1}

has a positive Lebesgue measure. Let up denote the prob-
ability measure on €, = [0, 1] induced by cdf F, an exoge-
nous marginal belief of player B. To ease notation, let

E,Ifxl = fe,: O'A(GLreA) =1},
Efl = (e : 04(0%, e,) =1}.

A positive fraction of A types go In and up has full support;
therefore, wg[EL] + wp[EXT] > 0. Hence, each epistemic type
ez € (0, 1) expects A to go In with positive probability

ag(eg) = Tp(eg)(oy =1V, = 9L)TB(€B)('3A = GL)
+75(ep) (04 =19, =0")7y(e5) (D, =0")
pplES (1 — ep) + pplEY leg > 0.

Therefore, for each epistemic type ez € (0, 1),
E,[mp]=1-(1—ag(ep)) +2- apleg) > 1.
Because u,[(0,1)] =1, for each ¢,

Ba(es) =E,, [max{0, E, [my] —1}]>0. O

CramM 11. According to B's beliefs, a high-guilt A is strictly
more likely to go In than a low-guilt A: wg[EXT] > pp[EL. Fur-
thermore, whenever the conditional expectations E,,[e, | o4 =1
N, =0"]and E, [e, |0y =1NY, =6"] are well defined, they
are independent of eg and satisfy

1
— - = ——
[E[eA|O'A—Iﬂ§A—9 ] = MB[E;”] _/;71 eAd/.LB(eA)

1
< m/Eu eadup(eq)

Eles |04 =1Nd,=0"].
PROOF. o4(0*, e,) =1 if and only if (1ff) 2ua[EtSles > 1,
and & ,4(0", e,) =1 iff 2u4[EESle, > 1 — 6"B 4(e4). Note that

0"B 4(e4) > 0 because 0" > 1 by assumption, and B 4(e,) > 0
by Claim 10. Because up has full support

MB[EEI] - MB[EI%I
= ppllea: 1—0"Ba(es) < 2palEf®les <1}]> 0.

Recall that, according to B’s beliefs, ¥, and e, are inde-

pendent. Therefore, for every x € [0, 1],
P, les<x|o,=INd,=0"] =P, [e,<x|e,cESND,=06"]
=Ple, <x|e,€EL],

whenever the conditional probability is well defined (i.e.,
for wg[EY] > 0 and ez < 1). The conditional probability
Ple, < x | e, € ELT] is independent of e because it is deter-
mined by the common marginal belief uz on €, = [0, 1]
generated by cdf F
melles €Ef: e <x]

Ple, <x|e,eEY]=
4 4 /~LB[EU]

RIGHTS L1 N Hig

Similarly
P,les<x|oy=INY, =06"]

palies €EX": ey <xj]
melER"]
whenever the conditional probability is well defined (i.e.,

for ez > 0, since we know that ug[EX'] > 0). Note that
EE = (&4, 1] c EFT C [0, 1]. Therefore, for each ez € (0, 1),

=[P>[eA<x|eAeE§1]=

’

1
—_— — H — —_—
Eley|oy=INV, =6 ]_/J“B[ESH] /Ej{’ e dug(en)
-t / e dug(es) =E[es | oy =1N, =6
MB[E/%I] £ AGQUB €)= A10a= A= ’

where the second conditional expectation is well defined if
wplEY >0, ie., if éf <1. O

Cramv 12. The endogenous first-order belief of B is

oz (ep) = pplEL ]+ ep(up[EX"] — mp[ES]),
which is strictly increasing in eg.
Proor. The endogenous first-order belief of B is
ap(ep) = Ploy =11= up[ES (1 — ep) + wplE} e
= I-’«B[E,]?\I] + eB(l-LB[E,IZI] - IJ“B[E,%XI])'

Note that aB is strictly increasing in ey given that
wp[EH] > up[ELT, as shown in Claim 11. O

CraM 13. The endogenous second-order belief of B is such
that

ﬁ?(EB) = /"LA[EEI;IS] E(eq),
which is constant, and
Bi(ep) = walE5°1(E[es |04 =1ND,=60"](1—ep)
+Ee, | oy=INd, =06"]ep),

which is decreasing (strictly, if u4[EES] > 0). Moreover, ay(6*, )
is monotone decreasing; i.e.,
S ifey<éll,

o507, ep) = .
s ) K otherwise,

where e satisfies the incentive conditions

EB =0 Sl BB(e ) 071.1/
1

ele(0,1) = BLEhH= i
=1 = Bp&)=> ek

Proor. The endogenous second-order belief of B is inde-
pendent of e; because, by assumption, a4, depends only on
e, and each type of B has the same marginal belief uy (the
measure generated by cdf F) on €5 = [0, 1]. Specifically

B3 (ep) = k., [as] = k., (IU“A[EtI;IS]eA) = :U“A[EII;S] E(e,).



Downloaded from informs.org by [193.205.23.67] on 21 March 2016, at 08:33 . For personal use only, all rights reserved.

Attanasi, Battigalli, and Manzoni: Incomplete Information, Guilt, and Trust

Management Science 62(3), pp. 648-667, © 2016 INFORMS

665

Given that B(e;) = E, [ay | 04 =] and using Claims 9
and 11, we obtain
Bi(e) = malE5°1E, [eq] 0y =1]
= palE5°1(E[es | o4 =10, =6"](1 —e5)
+E[e, |04 =1NV,=06"]ep),

whenever the conditional probabilities are well defined.
Therefore, B5(-) is decreasing in e, given that

OBl (e
% — A[ES)(Eles | 0, = 10D, = 61]

—E[e,|o,=1Nd, =06"]) <0,

by Claim 11 (note that u,[EL®] may be zero). The incentive
condition (12) for the high-guilt type of B implies that he
chooses S iff B (eg) > 1/6". Therefore, B’s decision function
o(8", ) is monotone decreasing in e, and characterized by
a threshold ¢l that satisfies the incentive conditions stated
in this claim. O

Cramm 14. The endogenous second-order belief of A is such
that
Ba(ea) = pslEX13 —2p4[E5" les)
+3(up[ES"] — pslES]) Eles]
—2(up[EX"] = malEx Dearal B3]
‘Eleg| o5 =5Nd; =6"],
which is decreasing. Moreover o ,(0™, ) is monotone (increas-
ing); i.e.,
I ife,>él,
O otherwise,

O-A(GH/ eA) =

where é1 € [0, 1) satisfies the following incentive conditions

éi{:o — 1—0HBA(é\§)§2aA(eA)/
e >0 = 1-0"B,(EY) =2a,(ey).

ProOF. Remember that B’s disappointment depends on
whether B plans to choose S or K after I. Therefore,
A’s expectation of B’s disappointment, f,(e,), depends on
whether A expects B to choose S or K

Balea) = E., [Bag| oz =K] P, [op =K]
+E,, [eg| o5 =S]P,, [0 =5].
Decomposing expected values and taking into account that
Plog =S |95 = 0] =0, we obtain
BA(eA)
=E[Bag|oy=KN;=0"1P[oy =K |d;=6"]P,, [9;=06"]
+E[Bag |05 =KNdy=0"|P[oy=K|d;=6"]P,, [9;=6"]
+E[a|05=5Nd=0" P[0y =5| 9, =60"]P,, [9;=6"].

RIGHTS L1 N Hig

Replacing probabilities with their specific expressions and
using Claim 12, we obtain

Balea) = MB[E,%I](3(1 —e4)+3(1— /‘LA[EI?SDEA + EA:U«A[E?SD
+ (p[EL"] — pp[EZ D)3 E[ep] (1 — ey)
+ (p[EL"] — pp[EZ N ea3(1 — palE°])
-Eleg | o5 = KN Dy =67]
+ (sEL") — pplEX D eamal Bl
Eleg | o3 =5Ndz=6"].

Now observe that, since the random variables ez and J; are
independent, we can write

Eles] = E[ep | 95 = 6"]
= (1 - palEF®) Eleg | o = KN Y5 = 6"]
+palE;°] Eleg | 05 = SN = 6],

Regrouping terms in the expression of B ,(e,), this simpli-
fies to

Ba(ea) = msEX13—2pmalE;"1en) +3(mpER" ] — ppES ) Eles)
—2(upEX" - mslEX N eamalE5®)
-E[eg| o3 =5SNd; =0"].

Note that () is decreasing

e
ot — A B alEH 1+ (nl YT~ S )

-E[eg | 05 =SN V¥ =6"]) <0.

This completes the proof of the first part of the claim.
To show that o,(6",) is monotone, we consider A’s
incentive condition; i.e., type (", e,) of A chooses I when

200, + 0B 4(e,) > 1.

Recall that Claim 9 shows that o, = u,[ELS]e,; hence, the
incentive condition can be rewritten as

2malEETes + 0" Bales) > 1.

Next, we show that either (i) the left-hand side (LHS) is
increasing in e4, hence ¢,4(6", -) is monotone (increasing) or
constant; or (ii) the LHS is larger than 1, hence o,(6", ) is
constant at I. Differentiating the LHS and using the expres-
sion for B, /de,, we obtain

B
2 EHS H“PA
talEg]+ 6 de,
=204 [E5°1(1 = 0" (up[EZT+ (p[EL"] — ws[EA])
“E[e | o5 =5N 95 =6"])).
Therefore, the LHS is increasing iff
0" (s[EX' ]+ (wp[ES"] — p[EL D Eles | 05 =SNdp =6"]) < 1.
Suppose the LHS is strictly decreasing, i.e.,
0" (uslEZT+ (uplES"] — mp[EL])
-Eleg| o5 =5SNd; =0"]) > 1. (17)
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Note that, by Claim 13, E[ez] > E[e; | e5 < é5] = E[e; |
o5 = S N g = 67]; therefore, we obtain the following
inequalities, which imply that the LHS is larger than 1:

0"Balea) = 0" (up[E1+ (plEL"] — ws[ELD)
‘Eleg | 05 =5Nd;=6"])(3 - Z:U«A[Egs]e/x) >1.

In particular, the first inequality holds because the expres-
sion for B,(e4) and the fact that E[eg] > E[eg | 05 = SN
9 = 6] imply that

GHBA(eA) = :U«B[Efx] (3_2/-LA[E§!S]6A)+ (:U«B[Eznl _:U«B[E,I&I])
-3E[ez | o5 =SN Iy =6"]

- Z(MB[EII%H] - /‘LB[EIIZXI])EA/J’E
Eleg | o5 =5SNd,; =61]

= (wp[ES' T+ (mp[EX"] — ms[ES])
‘Elep | 05 =5ND;=06"])(3 = 2u4[Ef°Te,).

The second inequality holds by Equation (17) and because
(3= 2u4[Eg®les) > 1.
Therefore,

: AH
H I ifey,>ey,

o,(07, e4)

" O otherwise,
where éff €0, 1) satisfies the incentive conditions
B=0 = 1-0"B,(e)) <2au(e,),

M >0 = 1-60"B,E) =2ay,(e,). O

Given that the decision functions oyz(6",-), o,(6%, "),
and o,(0", -) are monotone and described respectively by
thresholds ¢éY, é%, and éf, we have that

walESS] = F@),
uslEN] = 1 F(&Y),
sl E] = 1 F@).

This, together with Remark 2, Claim 9, and Claims 12-14,
delivers the result stated in Proposition 3. O

References

Attanasi G, Nagel R (2008) A survey of psychological games:
Theoretical findings and experimental evidence. Innocenti A,
Sbriglia P, eds. Games, Rationality and Behavior: Essays on Behav-
ioral Game Theory and Experiments (Palgrave Macmillan, Lon-
don), 204-232.

Attanasi G, Battigalli P, Nagel R (2013) Disclosure of belief-
dependent preferences in the Trust Game. IGIER Working
Paper 506, Bocconi University, Milan.

Barrett LF (2006) Solving the emotion paradox: Categorization and
the experience of emotion. Personality Soc. Psych. Rev. 10:20-46.

Battigalli P, Dufwenberg M (2007) Guilt in games. Amer. Econom.
Rev. Papers Proc. 97:170-176.

Battigalli P, Dufwenberg M (2009) Dynamic psychological games.
J. Econom. Theory 144:1-35.

Battigalli P, Siniscalchi M (2003) Rationalization and incomplete
information. B.E. ]. Theoret. Econom. 3:Article 3.

RIGHTS L1 N Hig

Battigalli P, Charness G, Dufwenberg M (2013) Deception: The role
of guilt. J. Econom. Behav. Organ. 93:227-232.

Battigalli P, Dufwenberg M, Smith A (2015) Frustration and anger
in games. IGIER Working paper 539, Bocconi University, Milan.

Bellemare C, Sebald A, Strobel M (2011) Measuring the willingness
to pay to avoid guilt: Estimation using equilibrium and stated
belief models. ]. Appl. Econometrics 26:437-453.

Berg ], Dickhaut J, McCabe K (1995) Trust, reciprocity, and social-
history. Games Econom. Behav. 10:122-142.

Binmore K, Gale J, Samuelson L (1995) Learning to be imperfect:
The ultimatum game. Games Econom. Behav. 8:56-90.

Brandenburger A, Dekel E (1987) Rationalizability and correlated
equilibria. Econometrica 55:1391-1402.

Buskens V, Raub W (2013) Rational choice research on social dilem-
mas: Embeddedness effects on trust. Wittek R, Snijders TAB,
Nee V, eds. Handbook of Rational Choice Social Research (Stanford
University Press, Redwood City, CA), 113-150.

Caplin A, Leahy ] (2004) The supply of information by a concerned
expert. Econom. J. 114:487-505.

Carter CS, Keverne EB (2002) The neurobiology of social affiliation
and pair bonding. Pfaff D, Arnold AP, Etgen AM, Fahrbach SE,
Rubin RT, eds. Hormones, Brain, and Behavior (Academic Press,
San Diego), 299-337.

Chang LJ, Smith A, Dufwenberg M, Sanfey A (2011) Triangulating
the neural, psychological and economic bases of guilt aversion.
Neuron 70:560-572.

Charness G, Dufwenberg M (2006) Promises and partnership.
Econometrica 74:1579-1601.

Charness G, Dufwenberg M (2011) Participation. Amer. Econom. Rev.
101:1213-1239.

Cooper D, Kagel ] (2013) Other-regarding preferences: A selective
survey of experimental results. Kagel J, Roth A, eds. Handbook
of Experimental Economics, Vol. 2 (Princeton University Press,
Princeton, NJ).

Dekel E, Siniscalchi M (2015) Epistemic game theory. Young P,
Zamir S, eds. Handbook of Game Theory, Vol. 4 (North Holland,
Amsterdam), 619-702.

Dekel E, Fudenberg D, Levine D (2004) Learning to play Bayesian
games. Games Econom. Behav. 46:282-303.

Dufwenberg M (2002) Marital investment, time consistency and
emotions. J. Econom. Behav. Organ. 48:57-69.

Dufwenberg M (2008) Psychological games. Durlauf SN, Blume LE,
eds. The New Palgrave Dictionary of Economics, 2nd ed. Vol. 6
(Palgrave Macmillan, London), 714-718.

Dufwenberg M, Gneezy U (2000) Measuring beliefs in an experi-
mental lost wallet game. Games Econom. Behav. 30:163-182.
Ellingsen T, Johannesson M, Tjotta S, Torsvik G (2010) Testing guilt

aversion. Games Econom. Behav. 68:95-107.

Geanakoplos J, Pearce D, Stacchetti E (1989) Psychological games
and sequential rationality. Games Econom. Behav. 1:60-79.

Gneezy U (2005) Deception: The role of consequences. Amer.
Econom. Rev. 95:384-394.

Guerra G, Zizzo D] (2004) Trust responsiveness and beliefs.
J. Econom. Behav. Organ. 55:25-30.

Harsanyi JC (1967) Games of incomplete information played by
Bayesian players. Part I: The basic model. Management Sci.
14(3):159-182.

Harsanyi JC (1968a) Games of incomplete information played by
Bayesian players. Part II, Bayesian equilibrium points. Manage-
ment Sci. 14(5):320-334.

Harsanyi JC (1968b) Games of incomplete information played by
Bayesian players. Part III: The basic probability distribution of
the game. Management Sci. 14(7):486-502.

Haselton MG, Ketelaar T (2006) Irrational emotions or emotional
wisdom? The evolutionary psychology of emotions and behav-
ior. Forgas J, ed. Hearts and Minds: Affective Influences on Social
Cognition and Behavior, Frontiers of Psychology Series (Psychol-
ogy Press, New York), 21-40.



Downloaded from informs.org by [193.205.23.67] on 21 March 2016, at 08:33 . For personal use only, all rights reserved.

Attanasi, Battigalli, and Manzoni: Incomplete Information, Guilt, and Trust

Management Science 62(3), pp. 648-667, © 2016 INFORMS

667

Kosfeld M, Heinrichs M, Zak P, Fischbacher U, Fehr E (2005)
Oxytocin increases trust in humans. Nature 435:673-676.

Ong D (2011) Fishy gifts: Bribing with shame and guilt. Working
paper, Peking University, Shenzhen, China.

Reuben E, Sapienza P, Zingales L (2009) Is mistrust self-fulfilling?
Econom. Lett. 104:89-91.

Ross L, Greene D, House P (1977) The false consensus effect: An
egocentric bias in social perception and attribution processes.
J. Experiment. Soc. Psych. 13:279-301.

RIGHTSE LI MN iy

Shaked M, Shantikumar JG (2007) Stochastic Orders (Springer,
New York).

Tadelis S (2011) The power of shame and the rationality of trust.
Working paper, University of California, Berkeley.

Vanberg C (2008) Why do people keep their promises? An experi-
mental test of two explanations. Econometrica 76:1467-1480.

Zak PJ (2008) The neurobiology of trust. Scientific Amer. 298:88-95.

Zak PJ, Kurzban R, Matzner WT (2005) Oxytocin is associated with
human trustworthiness. Hormones Behav. 48:522-527.



