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Introduction

This thesis studies the strategic role of the emotions. It starts from
the observation that emotions drive human behavior and that one’s
emotional state can change rapidly during an interaction. I propose
a game theoretic framework in which players can transition between
distinct emotional states of mind. The emotional state of mind deter-
mines a player’s utility function. In this framework, players rationally
anticipate how own and others’ state of mind determines their utility
function. The three chapters consider three emotional states of mind:
fear, friendliness, and hostility. A player in a fearful state of mind
becomes more risk averse, a player in a friendly state becomes more
altruistic, and a player in a hostile state becomes more spiteful. Play-
ers who can transition to the fearful state of mind may overreact to bad
news. Other players may have an incentive to make them transition
to the fearful state of mind to benefit from their fear. Players who can
transition between a friendly and a hostile state of mind can cooperate
more easily than standard players do. Friendliness and hostility can
also induce consumers to share information when information sharing
is costly.

Chapter One, Fear and Economic Behavior, proposes a model of
strategic interactions between players who can become fearful. Play-
ers form beliefs over the probability and cost of perilous outcomes at
the beginning of each game. The two main assumptions are that (i) a
fearful player is more concerned with risk and that (ii) fear is triggered
after a sufficient increase in a player’s expected cost of negative out-
comes. I demonstrate the consequences of fear in three applications:
a robbery game, a bank run game, and a public health intervention.
The robbery game shows how a player can use fear strategically to
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bring about a desired outcome when incentives are misaligned. The
bank run game shows how fear can affect the outcome when the play-
ers’ incentives are aligned. The public health intervention highlights
how fear tends to strengthen a player’s response to a change in the
expected cost of negative outcomes.

Chapter Two, Cooperation between Emotional Players, uses the
framework of stochastic games to propose a model of emotions in re-
peated interactions. An emotional player can be in either a friendly,
neutral, or hostile state of mind. The player transitions between the
states of mind as a response to observed actions taken by the other
player. The state of mind determines the player’s psychological pay-
off, which together with a material payoff, constitutes the player’s
utility. In the friendly (hostile) state of mind the player has a positive
(negative) concern for other players’ material payoffs. This chapter
shows how emotions can both facilitate and obstruct cooperation in a
repeated prisoners’ dilemma game. In finitely repeated games a player
who cares only for their own material payoffs can have an incentive
to manipulate an emotional player into the friendly state of mind. In
infinitely repeated games with two emotional players less patience is
required to sustain cooperation. However, emotions can also obstruct
cooperation if they make the players unwilling to punish each other,
or if the players become hostile when punished.

Chapter Three, Buyer Information Sharing, studies a simple model
of an interaction between a seller and two buyers. The buyers can
write a review to inform the other buyer about product characteristics
if they buy the product. The seller decides on a price (high or low)
for two identical products. The seller privately knows the quality of
the product (high or low). The buyers decides whether to buy one
unit of the product at the posted price. If buyer 1 buys the product,

2

then he or she can write a review that buyer 2 observes before his
or her purchasing decision. Writing a review poses a cost for buyer
1. The interaction between the seller and each buyer is a one-shot
interaction. A buyer who only cares for own material payoff has no
incentive to write a review. However, I assume that buyer 1 may be
emotional. An emotional buyer can transition between two emotional
states of mind: a neutral and a hostile. In the neutral state of mind,
the buyer only cares for own material payoff. In the hostile state of
mind, the buyer cares for own material payoff but also cares negatively
for the seller’s profits. A hostile buyer may have an incentive to write
a review if the review can harm the seller financially. The presence
of emotional buyers increases buyers’ surplus as it deters seller’s from
choosing a high price for a low-quality product. When the presence
of emotional buyers leads to an increase in the probability of trade, it
can also increase seller’s profits.

3
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Chapter 1

Fear and Economic Behavior

Abstract: Fear is an important factor in decision making under risk and

uncertainty. Psychology research suggests that fear influences one’s risk at-

titude and fear may have important consequences for decisions concerning

for example investments, crime, conflicts, and politics. I model strategic

interactions between players who can be in either a neutral or a fearful state

of mind. A player’s state of mind determines his or her utility function.

The two main assumptions are that (i) fear is triggered by an increase in

the probability or cost of negative outcomes and (ii) a player in the fearful

state is more risk averse. A player’s beliefs over the probability and cost of

negative outcomes determine how the player transitions between the states

of mind. I use psychological game theory to analyze the role of fear in three

applications, a robbery game, a bank run game, and a public health inter-

vention.
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1.1 Introduction

Fear influences one’s judgment, behavior, and decision making. A
fearful person shows an increased concern with risk and tends to be
less willing to participate in risky lotteries. For instance, a person who
becomes fearful after an extreme stock market fall may overreact and
sell more than he or she otherwise would have. Although fear is an
important factor in decision making under risk and uncertainty, few
economists have studied the topic and the literature lacks a formal
analysis of the behavioral consequences of fear.1

This paper proposes a game theoretic model of players who can
transition from a neutral to a fearful state of mind. A player’s state of
mind determines his or her utility function. While fear can manifest
in many ways, in this paper fear is defined as an emotion that has
a specific trigger and causes an increased concern with risk.2 More
specifically, the assumption is that a player is more risk averse in the
fearful than in the neutral state of mind. By focusing on the behavioral
consequences of fear as mediated through an increased risk aversion,
I abstract from the negative utility resulting from the experience of
fear. I assume that a player transitions to the fearful state of mind
after an increase in the probability or cost of negative outcomes. A
negative outcome is an outcome bad enough to potentially instill fear

1There has been a growing interest in fear and decision making among empirical
and experimental economists during the decade since the financial crisis (see e.g.
Callen et al., 2014; Campos-Vazquez & Cuilty, 2014; Cohn et al., 2015; Dijk, 2017;
Guerrero et al., 2012; Guiso et al., 2018; Kuhnen & Knutson, 2011; Malmendier
& Nagel, 2011; Meier, forthcoming; Nguyen & Noussair, 2014; Wang & Young,
2020). Not all papers finds a relationship between fear and risk attitudes (see e.g.
Alempaki et al., 2019; Gärtner et al., 2017).

2Psychology literature emphasizes that once an individual becomes fearful, his
or her concern over risk increases (see e.g. Holtgrave & Weber, 1993; Lerner & Kelt-
ner, 2000, 2001; Lerner et al., 2003; Loewenstein et al., 2001; Smith & Ellsworth,
1985; Smith & Lazarus, 1991).

6

when anticipated.
The players hold initial beliefs over the expected cost of negative

outcomes when the game begins. A player transitions to the fearful
state of mind after an increase in the expected cost of negative out-
comes. Since the players’ beliefs directly affect their utility functions,
the game is a psychological game (Battigalli & Dufwenberg, 2009; Bat-
tigalli, Corrao & Dufwenberg, 2019).3 Consider for example a person
who takes a walk in the park late at night. A negative outcome in this
interaction is to be robbed of all of one’s money and one may become
fearful if a stranger approaches.

I illustrate the role of fear in three applications. The first ap-
plication is a sequential game between a robber and a victim. This
game illustrates how a player may use his or her knowledge of another
player’s fear sensitivity to bring about a desired outcome when the
players’ incentives are misaligned. The second is a simplified version
of Diamond & Dybvig’s (1983) seminal bank run game with the ad-
dition of an exogenous risk that a player needs money the next day
and is forced to withdraw. This game illustrates how fear can also
affect the outcome when players’ incentives are aligned, and how fear
of a bank run can spread in a population and cause a bank run. The
third application illustrates how fear may affect a player’s willingness
to take a vaccine when a public health authority informs him or her
about a disease. This application highlights the tendency of fear to
strengthen a player’s response to information that increases the prob-
ability or cost of negative outcomes.

The observation that fear can be of importance in strategic inter-
actions has been made before. Schelling (1980) discusses the strategic

3For a general discussion of psychological game theory and its usefulness
in modeling emotions and other belief-dependent motivations, see Battigalli &
Dufwenberg (forthcoming).
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consequences of fear in a situation similar to the robbery game studied
in this paper. Shelling considers a homeowner who investigates a noise
at night with a gun in his hand, to find a burglar, who is also armed
with a gun. The situation has two equilibria. In one, no one shoots
and the burglar leaves quietly. In the other, the homeowner and the
burglar shoot each other. While neither of them prefers the shooting
equilibrium, Shelling notes that they may shoot not by calculation,
but out of nervousness. This situation can be formalized using the
model proposed in this paper. If either the homeowner or the burglar
becomes fearful, then shooting becomes the unique equilibrium.

There are other emotions that have been successfully modeled with
psychological game theory. Two examples are guilt and anger (Bat-
tigalli & Dufwenberg, 2007; Battigalli, Dufwenberg & Smith, 2019).
Anger may be the emotion most closely related to fear. Battigalli et
al. model players with a belief-dependent utility function that assigns
a weight to both own and others’ material payoff. In the absence of
frustration, the weight on others’ material payoff is zero. However,
as a player’s expected material payoff decreases, his or her frustration
increases. As frustration increases, the player’s negative concern for
others’ payoffs increases. Similarly to the players studied in this pa-
per, the players in Battigalli et al. form initial beliefs over how the
interaction will play out, and a disadvantageous change alters their
utility function. However, Battigalli et al. study players who become
frustrated if their expected material payoff decreases, whereas this pa-
per studies players who transition to a fearful state of mind if their
expected cost of negative outcomes increases. Moreover, while the
triggers of frustration and fear are similar, frustration causes a player
to have a negative concern for others’ payoffs, whereas fear causes an
increased concern with risk.

8

Caplin & Leahy (2001) propose a model of anticipatory emotions.
They study a two-period model of lotteries with a mapping from phys-
ical lotteries to mental states. The decision maker’s first-period utility
may for example decrease in the variance of the second-period realiza-
tions of the lottery. Such a decision maker is said to experience anxiety
prior to the resolution of the lottery and is less likely to take part in
lotteries with high variance. By contrast, the focus of this paper is on
the increased concern with risk in the fearful state of mind.

Also closely related is the study by Kőszegi & Rabin (2007) who
build on Kahneman & Tversky’s (1979) work on prospect theory. They
model a decision maker who evaluates an outcome relative to a refer-
ence point formed by the decision makers recent beliefs. The decision
maker’s utility is a combination of a reference-independent “consump-
tion utility” and a “gain loss” utility that depends on the difference
between the consumption utility and the reference point.

The decision maker’s reference point determines how much risk
he or she is willing to take on. The reference point can be either
deterministic or stochastic. A decision maker who expects risk views
a lottery as less aversive than a decision maker who does not expect
risk to start with. Moreover, the decision maker is sophisticated in
the sense that he or she correctly predicts the environment and own
behavior in the environment.

Similarly, in this paper a player’s transition to the fearful state of
mind depends on the player’s initial beliefs over how the interaction
will play out. The players are also sophisticated in the sense that they
can correctly predict own and others’ state transitions and the behav-
ioral consequences. However, while Kőszegi & Rabin’s decision maker
has a reference-dependent utility function, the players in my model
have belief-dependent transition probabilities between their states of
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mind. Further, Kőszegi & Rabin’s decision maker is concerned with
expected consumption utility and any deviations therefrom, whereas
the players in this paper are concerned with the expected cost of neg-
ative outcomes.

Dillenberger & Rozen (2015) also study decision makers whose
risk attitude may change during the decision making process. They
model a decision maker who makes repeated decisions over lotteries.
The decision maker becomes more risk averse after a disappointing
realization than after an elating one. Realizations are classified as
disappointing or elating using a threshold rule. By contrast, this paper
studies players who may transition to a fearful state of mind when the
expected cost of negative outcomes increases.

This paper proceeds as follows. Section 2 presents the model and
preliminaries of psychological game theory. Sections 3, 4, and 5 apply
the model to three interactions, a robbery game, a bank run game,
and a public health intervention. Section 6 discusses the model and
concludes.

1.2 Model

1.2.1 Preliminaries

Game form. The focus of this paper is on a class of finite ex-
tensive game forms with observed actions and perfect recall.4 Let
I = {1, ..., n} denote the finite set of personal players. The game form
may contain chance moves or moves by “nature” denoted by player 0.
Let I0 = I ∪ {0}.

4A game form (or a game protocol) specifies the structure of a strategic situ-
ation: the players, how they can choose, and the material consequences of their
actions.

10

The game consists of a finite number of stages in which the players
move simultaneously. This can be done without loss of generality since
an inactive player can be represented as a player with “do nothing”
as the only action. At the end of each stage, all players observe the
stage’s action profile. Let a0 ≡ (a00, a

0
1, ..., a

0
n) be the stage-0 action

profile. A history h is a sequence of action profiles, one for each
stage. Let the initial, or empty, history be denoted by h0, the set
of nonterminal histories denoted by H, and let the set of terminal
histories, or plays, be denoted by Z.

Let Ai(h) denote the feasible actions of player i ∈ I after history
h, and let A(h) = ×i∈IAi(h). In each stage the players, including
chance, simultaneously choose actions from a finite subset of (poten-
tially) history-dependent feasible actions Ai(h).

If chance is active at h, its move is specified by the probability
mass function p0(·|h) ∈ ∆(A0(h)). Chance selects a feasible action at
random, and the action is revealed to the players after the stage. The
players have identical priors on the probability of chance’s actions.

The material payoffs of the players’ actions are determined by an
outcome function π : Z → Rn that associates each play z with a
profile of material payoffs.

Beliefs. Players form beliefs over own and others’ behaviors, and
over others’ beliefs about behavior. A player’s beliefs are modeled
as a hierarchical conditional probability system (Battigalli, Corrao &
Dufwenberg, 2019). A player’s beliefs over own and others’ behaviors–
the plays z ∈ Z–are called first-order beliefs. They are defined for each
history h ∈ H. The first-order beliefs are denoted by αi(·|Z(h)) ∈
∆(Z(h)), where ∆(Z(h)) is the set of probability measures on Z(h).
The system of beliefs αi = (αi(·|Z(h)))h∈H must satisfy two proper-
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ties. First, Bayes’ rule for conditional probabilities must hold when-
ever defined. Second, if in stage l player i moves simultaneously with
other players, then i must believe that the simultaneous actions of the
co-players are statistically independent of i’s action.5

The first-order beliefs αi, are composed of two parts: player i’s
beliefs over own and over others’ behaviors. The beliefs over own
behavior, αi,i ∈ ×h∈H∆(Ai(h)), take the form of a behavior strategy.
They can be interpreted as the player’s plan since they are the result
of the player’s contingent planning of which action to take at each
history.6

A player’s beliefs over plays and other players’ first-order beliefs
constitute his or her second-order beliefs. Let ∆i,1 denote player i’s
space of first-order beliefs. Second-order beliefs are systems of condi-
tional probabilities over both plays, z ∈ Z, and co-players’ first-order
beliefs, α−i ∈ ×j �=i∆j,1, for each history h ∈ H. Player i’s second-
order beliefs are denoted by βi = (βi(·|h))h∈H ∈ ×h∈H∆(Z(h) ×j �=i

∆j,1). Player i’s space of second-order beliefs is denoted by ∆i,2. It
is assumed for coherency that the first-order beliefs αi can be derived
from the second-order beliefs βi such that beliefs of different orders are
mutually consistent (see e.g. Battigalli, Corrao & Dufwenberg, 2019).

1.2.2 States of Mind

This paper proposes a model of players who can transition from a
neutral to a fearful state of mind. A player’s preferences at a given
history depend on material consequences and the player’s state of

5See Battigalli, Corrao & Dufwenberg (2019) or Battigalli & Dufwenberg (forth-
coming) for a more detailed specification of the belief hierarchies and their prop-
erties.

6The beliefs over the behaviors of others, αi,−i ∈ ×h∈H∆(A−i(h)), also consti-
tute a behavior strategy if there is only one other player.

12

mind. The players studied in this paper are sophisticated in the sense
that they correctly anticipate own and others’ transitions to the fearful
state of mind, and how the fearful state affect’s preferences. However,
the model allows for the study of players who are either partially naïve,
and mistaken about either transition probabilities or preferences, or
naïve and mistaken about both.

As will be shown, transitioning to a fearful state of mind may
cause a welfare loss. While defining welfare for emotional players is a
nontrivial issue, this paper measures welfare as the preferences in the
neutral state of mind.7 In other words, a player’s welfare corresponds
to his or her material payoff.8

State transitions. Psychology research suggests that emotions have
a specific stimuli and a clear starting point and neuroscience research
says that the purpose of the fear system is to detect warning signals for
impending threats (see e.g. LeDoux, 1998). A wide variety of external
stimuli may trigger a fear response.9 Fear stimuli differ among cul-
tures and individuals. They are modelled as exogenously defined for
each player and game, and treated as primitives. The payoffs of each
interaction are normalized such that only outcomes bad enough to,
potentially, trigger a fear response when anticipated have a negative
material payoff.10

7This is similar to the approach in Bernheim & Rangel (2004).
8Behavioral welfare economics is a field of its own (see e.g. Bernheim & Rangel,

2009, for a discussion).
9Some common fear stimuli are snakes, heights, auto accidents, being in a fight,

and losing one’s job (Geer, 1965).
10A consequence of this modelling choice is increased modeller freedom. As will

be shown, the set of equilibria is sensitive to small changes in payoff around zero.
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Player i’s set of negative outcomes is defined as

Zi,− := {z ∈ Z : πi(z) < 0}. (1.1)

The emotional system is more likely to respond to changes than to
levels of stimuli (Frederick & Loewenstein, 1999), and each player
continuously assesses his or her situation to detect warning signals.

I define player i’s peril at history h, given his or her first-order
belief system αi as:

Pi(h|αi) =
∑

z∈Zi,−

αi(z|h)|πi(z)|, (1.2)

where αi(z|h) is player i’s belief, conditional on history h, in the
negative outcome z ∈ Zi,−, and |πi(z)| is the cost of the outcome. In
other words, a player’s peril is his or her expected cost of negative
outcomes at history h. Peril increases in both the probability and the
cost of negative outcomes.

A warning signal for player i at history h, given the first-order
belief system αi is defined as an increase in peril compared with i’s
initial peril:

P ′
i (h|αi) = max{0, Pi(h|αi)− Pi(h

0|αi)}. (1.3)

The assumption is that the interactions are fast enough for the initial
peril to be the relevant reference point. Moreover, once in the fearful
state of mind, the players cannot return to the neutral. Research has
shown that emotions tend to linger after the source of the emotion
has vanished (Andrade & Ariely, 2009), and fear has been found to
linger for about an hour before returning to a neutral state (Verduyn

14

& Lavrijsen, 2015; Verduyn & Brans, 2012).11 Since the interactions
are fast, there is not enough time for the players to calm down even
if peril decreases.

The increase in peril required to transition to the fearful state
of mind may differ between players. This heterogeneity is modeled
with a sensitivity parameter τi, which is interpreted as player i’s fear
threshold.12

Player i transitions from the neutral to the fearful state of mind if

P ′
i (h|αi) ≥ τi. (1.4)

In other words, player i transitions when the increase in peril is at
least as large as i’s fear threshold.

Preferences. For simplicity of analysis, preferences correspond to
extreme cases of risk neutrality in the neutral state of mind and a
maximal concern with risk in the fearful state of mind. In the neutral
state, the player maximizes own expected material payoff. In the
fearful state, the player experiences highly intense fear such that his
or her coefficient of risk aversion goes to infinity, and the player views
a gamble in terms of its worst-case scenarios. A fearful player’s utility
function corresponds to the maximin utility function.

Psychology research has long emphasized the relationship between
fear and risk attitudes. Modern psychology research uses the appraisal-
tendency framework (Lerner & Keltner, 2000) to study emotions. This
framework states that each emotion gives rise to a cognitive predis-

11The duration of an emotion is also affected by its intensity and the importance
of the situation (Veduyin al., 2009).

12A player’s fear threshold, or fear sensitivity, can be thought of as an innate
personality trait.
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position to appraise future events in line with one or more appraisal
themes.13 There are five central appraisal themes: certainty, pleas-
antness, attentional activity, anticipated action, and control. Fear is
associated with a sense of uncertainty and a lack of a sense of control,
both of which are factors that influence judgments of risk.14

The appraisal-tendency framework predicts that fear causes a per-
son to be less willing to take risks. The effect of fear on risk attitude
has been found to have two main mechanisms (see e.g. Cohn et al.,
2015; Guiso et al., 2018; Lerner & Keltner, 2000, 2001; Lerner et al.,
2003; Wang & Young, 2020). First, a fearful person tends to behave as
if his or her risk aversion has increased. Second, the subjective prob-
abilities the fearful person assigns to dangerous outcomes increases.
The focus of this paper is on situations of risk rather than uncertainty
and I model the effect of fear on behavior as increased risk aversion.

Decision utility. The players’ “decision utility” functions are de-
fined using the above formalization of fear. A player i moving at
history h maximizes a belief-dependent decision utility function ui :

Ai(h)×∆i,2 → R for i ∈ I, h ∈ H, defined by:

ui(h, ai;βi) =



mina−i∈A−i(h)E[πi|(h, ai, a−i)] if P ′

i (h;αi) ≥ τi

E[πi|(h, ai);βi] otherwise,
(1.5)

where αi is derived from βi; P ′
i (h;αi) is the increase in peril at history

h given beliefs αi; and τi is i’s fear threshold. Note that the form of

13Those familiar with Frijda’s (1986) action-tendency framework for emotions
might notice that the appraisal-tendency framework can be viewed as an extension
of this earlier framework.

14Fear is often associated with unpleasantness. I restrict the focus of this paper
to the change in the utility function rather than the utility from experiencing fear.
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belief dependence involved corresponds to the shift between the two
utility functions in equation (1.5).

When the game begins τi = 0 and player i maximizes his or her
expected material payoffs. After a sufficiently large increase in peril,
P ′
i (h;αi) ≥ τi, the player’s decision utility changes and the player

maximizes his or her lowest possible payoff. Fear is possible at end
nodes, but cannot influence subsequent choices as the game is over
and this paper abstracts from the disutility fear may cause.

While fear is solely determined by the player’s first-order beliefs, a
player intending to use others’ fear to his or her own advantage forms
second-order beliefs over co-players’ first-order beliefs.

Remark. Players who can transition between states of mind typi-
cally behave as if they have time-inconsistent preferences. While their
preferences are time-consistent within each state of mind, a player may
prefer one action in the neutral state and another in the fearful. This
may lead to self-control problems and a player in the neutral state of
mind may be willing to invest in a commitment device to constrain
the actions of a future fearful self.

In applications of present-biased preferences it is typical to con-
sider a decision maker as consisting of multiple selves, one for each
time period (O’Donoghue & Rabin, 2001; Thaler & Shefrin, 1981). In
a similar way it is possible to consider a player who can transition
between states of mind as a sequence of multiple selves, one for each
state of mind.

1.2.3 Solution Concept.

Because the transition to the fearful state of mind is belief-dependent,
the games are psychological games in the sense of Battigalli & Dufwen-
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berg (2009). The solution concept I use is the sequential equilibrium
(SE) for psychological games (Battigalli & Dufwenberg, 2009; Batti-
galli, Corrao & Dufwenberg, 2019). The SE for psychological games
is an extension of Kreps and Wilson’s (1982) classical notion of a se-
quential equilibrium. The games analyzed are one-shot interactions,
and the equilibria are interpreted as the commonly understood ways
to play the game by rational agents.

I consider games of complete information where the rules of the
game and the players’ fear thresholds and state dependent preferences
are common knowledge.15 An SE is an assessment: a profile of behav-
ior strategies σi – the player’s plans – and conditional second-order
beliefs βi such that σi is the plan αi,i derived from the second-order
belief βi. While the SE concept gives equilibrium conditions for infi-
nite belief hierarchies, the applications of this paper only depend on
first- and second-order beliefs and the SE is defined up to second-order
beliefs.

Following are two definitions from Battigalli, Dufwenberg & Smith
(2019).

Definition 1. Assessment (σi, βi)i∈I is consistent if for all i ∈ I,
h ∈ H, a = (aj)j∈I ∈ A(h)

1. αi(a|h) = Πj∈Iσj(aj |h),
2. marg∆−i,1βi(·|h) = δα−i;

Here αi is derived from βi and δα−i is the Dirac measure assigning
probability 1 to {α−i} ⊆ ∆1

−i.

The first condition requires players’ beliefs about actions to satisfy
15This is not a limitation to the model since it can be extended to games of

incomplete information. For an analysis of a psychological game of incomplete
information see Attanasi et al. (2016).
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independence across co-players, and after a deviation of player j player
i expects j to behave in the continuation game as specified by j’s plan
αj,j . Thus, all players have the same first-order beliefs.

The second condition requires players’ beliefs about co-players’
plans to be correct and never change, on or off the path. Any two
players thus share the same initial first-order beliefs about any other
player and every player is able to infer the correct beliefs of his or her
co-players.

Definition 2. Assessment (σi, βi) is a sequential equilibrium if it is
consistent and satisfies the following sequential rationality condition:

for all h ∈ H and i ∈ I(h), supσi(·|h) ⊆ argmax
ai∈Ai(h)

ui(h, ai|βi).

This definition coincides with the traditional definition of sequen-
tial rationality when players have standard preferences. An SE always
exists when the utility functions are continuous (Battigalli, Corrao &
Dufwenberg, 2019). The utility function analyzed in this paper is dis-
continuous around τi, the fear threshold. A consequence is that a SE
does not always exist. The situation is illustrated in the first appli-
cation. However, if τi is sufficiently large, such that it is greater than
the maximum increase in peril and the players cannot transition to
the fearful state of mind, then there always is an SE that coincides
with the SE in the game between players with standard preferences.
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1.3 Applications

1.3.1 Robbery

A walk in the park. Consider the example of a person who takes
a walk in the park late at night, running the risk of being robbed.
This interaction is modeled as the game in Figure 1.1. There are two
players, the robber (player 1) and the victim (player 2). The game
has three stages. Player 1 is active in stage 0 and stage 2 (player 2’s
only action in these stages is “do nothing”). Only player 2 is active
in stage 1 (player 1’s only action is “do nothing”). The game has no
chance moves and any risk is endogenous.

Player 1 first chooses whether to attempt a robbery (a) or not (n).
Player 2 chooses, conditional on an attempt, whether to comply (c) or
resist (r). Player 1 chooses, conditional on player 2 resisting, whether
to flee the scene (f) or use violence (v) to force the robbery.

The payoffs are normalized such that all outcomes following a rob-
bery attempt have a negative payoff for player 2. If player 1 does not
attempt a robbery, both players receive a zero payoff. If player 1 at-
tempts a robbery and player 2 complies, then player 1 receives a payoff
of 50, and player 2 a payoff of −50. If player 2 resists and player 1
flees, each receives a payoff of −10. Both players are better off without
an attempt; player 1 avoids an unpleasant experience, and player 2 is
not chased by the police. If player 2 resists and player 1 uses violence,
then player 1 receives a payoff of −200 and player 2 a payoff of −500;
player 2 is injured and player 1 is chased more intensely by the police.

A sequential game with perfect information, no relevant ties, and
players with standard utility functions always has a unique equilibrium
in pure strategies. That is not always the case when the players’
decision utilities are belief-dependent.
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Figure 1.1: Robbery game.

Player 2’s first-order beliefs α2 can be split into beliefs over own
plan, α2,2, and over player 1’s plan, α2,1. Player 2’s initial peril is

P2

(
h0|α2

)
=

[
50

(
1− αr

2,2

)
+

(
500

(
1− αf

2,1

)
+ 10αf

2,1

)
αr
2,2

]
αa
2,1,

(1.6)

where αa
2,1 is player 2’s belief that player 1 plans a, αr

2,2 is player 2’s
plan of choosing r; and αf

2,1 is player 2’s belief that player 1 plans f ,
conditional on r.16

Player 2’s initial peril is zero if player 2 believes player 1 plans
n. All negative outcomes follow a, and the expected cost of negative
outcomes depends on player 2’s beliefs over the three terminal histories
(a, c), ((a, f), r), and ((a, v), r). Initial peril is strictly increasing in

16This is a slight abuse of notation, but the abbreviations used to denote the
conditional probabilities of actions derived from players’ plans are justified by the
increased readability of the analysis.
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player 2’s belief that player 1 plans a. It also depends on player 2’s
own plan of choosing c or r, conditional on a.

Player 2’s updated peril if his or her decision node is reached is

P2 (a|α2) = 50
(
1− αr

2,2

)
+

(
500

(
1− αf

2,1

)
+ 10αf

2,1

)
αr
2,2. (1.7)

Since all negative outcomes follow a and all outcomes following a are
negative, player 2’s updated peril coincides with his or her expected
material payoff.

Player 2’s increase in peril is

P ′
2 (a|α2) =

(
1− αa

2,1

)
×[

50
(
1− αr

2,2

)
+

(
500

(
1− αf

2,1

)
+ 10αf

2,1

)
αr
2,2

]
.

(1.8)

The first factor is player 2’s belief that player 1 will not choose a.
The less probable player 2 believes a is, the larger the increase in peril
should a occur. If player 2 is certain that a will occur, αa

2,1 = 1, then
there is no increase in peril. The occurrence of a has already been
taken into account. If player 2 is almost sure that a will not occur,
αa
2,1 ≈ 0, then the increase in peril is approximately the expected cost

of the negative outcomes that follow a. In other words, the smaller
αa
2,1, the greater the increase in peril.

Player 2’s optimal plan depends on both player 1’s plan and his
or her own plan. Player 2’s increase in peril depends on his or her
plan of choosing c or r, and the optimal plan depends on whether the
peril is sufficiently high such that player 2 transitions to the fearful
state of mind after a. In the neutral state player 2 prefers r, and in
the fearful state he or she prefers c. Player 2’s fear threshold, τ2, is
common knowledge, and player 1 prefers a if player 2 transitions to
the fearful state, and n otherwise.
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When player 2 is sufficiently sensitive to fear, such that τi ≤ 10,
an equilibrium in pure strategies does not exist. To see this, first
note that if player 2 plans r and player 1 plans (n, f), then, should
player 2’s decision node be reached, player 2 transitions to the fearful
state and deviates to c. If player 2 instead plans c, then he or she
may transition to the fearful state conditional on his or her belief
that player 1 plans a being sufficiently small. While it is possible for
player 1 to randomize between a and n such that player 2 transitions
to the fearful state should a occur, such randomization cannot be
an equilibrium strategy. If player 2 plans c, then player 1 prefers to
deviate to play a with certainty. An equilibrium in which player 2
chooses c does not exist.

When τ1 ≤ 10, an equilibrium in mixed strategies does not exist.
While an equilibrium in pure strategies does not exist because of the
belief-dependent utility function, an equilibrium in mixed strategies
does not exist because of the discontinuity of the utility function.
Because player 2 has strict preferences over c and r for all values of
P ′(h|αi), player 2 cannot have an optimal nondegenerate plan. Player
2’s utility function is discontinuous at (1− αa

2,1)50 = τi.

Proposition 1. When τ2 ≤ 10, no equilibrium exists.

The nonexistence of equilibrium is a troublesome result in the anal-
ysis as no predictions can be derived and anything can happen. One
interpretation is that emotions constitute a fundamental problem for
the existence of equilibria if they, discretely, affect preferences. Pre-
liminary evidence shows that emotions may in fact cause individuals
to behave intransitively when behavior is compared across emotional
states (Tymula & Glimcher, 2018).

Predictions consistent with rationality constraints can however
still be derived, such as by constructing an equilibrium by smooth-
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ing the utility function around τ . The utility function u can thus be
approximated by a continuous function u′ which has a value equivalent
to u’s value except in the boundary around τ where u is discontinu-
ous. Alternatively, depending on the strategy set, the utility function
may be modified as suggested by Dasgupta & Maskin (1986) to ensure
existence.

Another way to derive predictions is to modify the game form.
Assume, perhaps more realistically, that player 1, the robber, has to
choose where, or in which park, to search for a potential victim. Player
2, the victim, will take a walk in the neighborhood park. Assume
player 1 chooses between p parks. If the players end up in the same
park, player 1 chooses whether to make a robbery attempt. Without
knowing where player 2 takes a walk, player 1 is indifferent between the
parks. Assume player 1’s plan assigns equal probability to all parks.
Whether player 1 ends up in the same park as player 2 is determined
by chance, player 0. The corresponding game is illustrated in Figure
(1.2).

As the earlier example, ((n, f), r) is the unique equilibrium if the
players have standard preferences. This changes when the players can
become fearful.

Player 2’s initial peril is determined by his or her first-order belief
α2 and the number of parks, p.

Player 2’s initial peril is

P2
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)
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[
50

(
1− αr

2,2

)

+
(
500

(
1− αf

2,1

)
+ 10αf

2,1

)
αr
2,2

]
(1/p)αa

2,1,
(1.9)

where 1/p is the probability the players end up in the same park.
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Figure 1.2: A walk in the park.

Player 2’s updated peril if his or her decision node is reached is
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Since all negative outcomes follow a and all outcomes following a are
negative, player 2’s updated peril coincides with his or her expected
material payoff.

Player 2’s increase in peril is
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may be modified as suggested by Dasgupta & Maskin (1986) to ensure
existence.
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knowing where player 2 takes a walk, player 1 is indifferent between the
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where 1/p is the probability the players end up in the same park.
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The more parks there are the less likely it is that player 1 ends up in
the same park as player 2 and the larger the increase in peril if they
do. As before, player 2’s optimal plan depends on his or her state of
mind. The state of mind depends on player 2’s first-order beliefs over
both own and player 1’s plan.

The equilibria can be categorized by player 2’s fear threshold, τ2.

Equilibria. When τ2 > 50(1 − 1/p), the game has a unique SE in
((n, f) , r), just as in the standard game. To check this, note that
when τ2 > 50(1− 1/p), player 2 remains in the neutral state of mind
regardless of own and player 1’s plan. If his or her decision node is
reached, then player 2 maximizes own material payoff by choosing r.
Player 1 maximizes own expected payoff by choosing (n, f). Further,
((n, f) , r) remains an SE when 10(1 − 1/p) < τ2 ≤ 50(1 − 1/p). For
this intermediate range of τ2, player 2’s state of mind depends on his
or her own plan. If player 2 plans r, then he or she remains in the
neutral state after a and maximizes own material payoff by choosing r.
Player 1 maximizes own expected payoff by choosing (n, f). However,
when 10(1 − 1/p) < τ2 ≤ 50(1 − 1/p), there is an additional SE in
((a, f) , c). If player 2 plans c, then he or she transitions to the fearful
state of mind after a since P ′(a|α2) = 50(1−1/p). Player 1 maximizes
own expected payoff by choosing (a, f). When τ2 ≤ 10(1 − 1/p),
then ((a, f) , c) is the unique SE. Player 2 plans c, transitions to the
fearful state after a and maximizes own minimum payoff by choosing
c. Player 1 maximizes payoff by choosing (a, f). To see that ((n, f) , r)
cannot be an SE note that if player 2 plans r then he or she would
transition to the fearful state after a since P ′

2 (a|α2) = 10(1−1/p) ≥ τ2

and would prefer to deviate to c.

26

In other words, if τ2 is sufficiently large such that player 2 cannot
transition to the fearful state of mind regardless of own plan, then the
unique SE is identical to the SE in the game between players with
standard preferences.

For intermediate fear thresholds, the game has two SE. Due to the
own-plan dependency of peril, player 2’s beliefs are self-fulfilling.17

If player 2 believes that he or she will not transition to the fearful
state after a and plans r, then he or she will not transition and prefers
r. If player 2 believes that he or she will transition to the fearful state
and plans c, then he or she will transition and prefers c. If τ2 is
sufficiently small such that player 2 transitions to the fearful state of
mind after a regardless of own plan, then the game has a unique SE
in ((a, f), c).

To summarize, if player 2 is sufficiently sensitive to fear, and pos-
sibly holds self-fulfilling beliefs, then an equilibrium exists in which
player 1 makes an attempt and player 2 complies.

Proposition 2. When τ2 ≤ 50(1−1/p), ((a, f), c) is an SE. It is the
unique SE when τ2 ≤ 10(1− 1/p).

In this game, a low fear threshold implies a welfare loss for player
2 as measured in material payoffs. A player 2 who is in the fearful
state of mind complies with the robbery attempt for a material payoff
of −50, whereas a player 2 in the neutral state resists for a material
payoff of −10. Moreover, since fear thresholds are common knowledge,
player 1 makes an attempt only if τ2 is sufficiently low.

Player 2’s preferences are time-inconsistent. In the neutral state
of mind player 2 would prefer to commit to r if such a commitment

17While games of complete and perfect information with no relevant ties always
have a unique SE in standard games; this multiplicity of SE is not uncommon in
psychological games and is due to own-plan dependency of the utility function.
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were possible. Player 2 can be interpreted as a player with two selves,
one for each state of mind. Player 2 is in the neutral state of mind
when the game begins. At his or her decision node, player 2 is in
either the neutral or the fearful state of mind depending on own and
player 1’s plan. The neutral self prefers to resist any attempt since
player 1 would then flee the scene. However, the fearful self prefers to
comply, and player 2’s neutral self cannot control the fearful self.

The assumption that τ2 is common knowledge is crucial for this
analysis. The caveat is that in reality, a robber finds it difficult to
distinguish between fear-sensitive and fear-insensitive victims.

Staying at home. The game just described illustrates the intuition
of the model, but it does not capture the full story of the person who
takes a walk late at night. More realistically, player 2 makes an initial
choice of whether to go for a walk (g) or stay at home (s). The
corresponding game is illustrated in Figure 1.3. Note that player 2
now makes the first decision.

Player 2 receives a material payoff of 5 from choosing g, condi-
tional on no attempt being made. If player 2 chooses s, then both
players receive a zero payoff. Remaining payoffs are as in the previous
example.

The game between players with standard preferences has a unique
SE in ((n, f), (g, r)). As before, the SE of the game between players
who can transition to the fearful state of mind depends on τ2.

Player 2’s initial peril is

P2

(
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)
=
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1− αr

2,2
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(1.12)
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Figure 1.3: Staying at home.

where αg
2,2 denotes player 2’s plan of g. As before, player 2’s peril

depends on his or her first-order beliefs over both own and player 1’s
plan. Initial peril is zero if player 2 plans s, or if player 2 believes that
player 1 plans n.

Player 2’s updated peril if his or her second decision node is
reached is

P2 ((g, a)|α2) = 50
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Player 2’s updated peril, conditional on (g, a) corresponds to his or
her expected material payoff.

The increase in peril is

P ′
2 ((g, a)|α2) =
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1− (1/p)αg
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a
2,1
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×
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(1.14)

Note that if player 2 plans s with some positive probability, then
the increase in peril is higher than in the previous example, should
player 2’s decision node be reached. As before, player 2’s optimal plan
depends on his or her state of mind after (g, a). In addition, player
2’s choice of whether to stay at home or go for a walk depends on
1/p, the probability the players end up in the same park. Player 1’s
optimal plan at his or her second decision node is f , and at the first
it depends on player 2’s state of mind.

Equilibria. When τ2 > 50, the game has a unique SE in
((n, f) , (g, r)), just as in the standard game. Player 2 cannot transi-
tion to the fearful state of mind regardless of own and player 1’s plan.
As before, ((n, f) , (g, r)) remains an SE also when (1 − 1/p)10 <

τ2 ≤ 50. For this intermediate range of τ2, player 2’s state of mind
after (g, a) depends on his or her own plan. If player 2 plans (g, r),
then he or she remains in the neutral state after (g, a), and maximizes
own material payoff by choosing r. Player 1 maximizes own expected
payoff by choosing (n, f).

When (1−1/p)10 < τ2 ≤ 50 and p ≤ 10, then ((a, f), (s, c)) is also
an SE. If player 2 plans (s, c), then he or she transitions to the fearful
state of mind after (g, a) since P ′

2 = 50. Player 2 maximizes own
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minimum payoff by choosing c, and player 1 maximizes own material
payoff by choosing (a, f). Since 1/p ≥ 1/10, player 2, in the neutral
state of mind, maximizes own material payoff by choosing s.

When (1 − 1/p)10 < τ2 ≤ (1 − 1/p)50 and p > 10, ((a, f) , (g, c))
is an SE. If player 2 plans (g, c), then he or she transitions to the
fearful state after (g, a) and c maximizes own minimum payoff. Since
1/p < 1/10, player 2, in the neutral state, maximizes own expected
material payoff by choosing g. Player 1’s optimal plan is then (a, f).

When τ2 ≤ (1−1/p)10, two equilibria are possible. If p > 10, then
((a, f) , (g, c)) is the unique equilibrium. If p ≤ 10, then ((a, f) , (s, c))

is the unique equilibrium. In both equilibria, player 2 transitions
to the fearful state after (g, a). If p > 10, then player 2, in the
neutral state, maximizes utility by choosing g. If p ≤ 10, then player
2 maximizes utility by choosing s.

In other words, if τ2 is sufficiently large such that player 2 cannot
transition to the fearful state of mind regardless of own and player 1’s
plan, then the unique SE is identical to the SE in the game between
players with standard preferences.

For an intermediate range of τ2, there is a multiplicity of SE. Be-
cause player 2’s peril is own-plan dependent, his or her beliefs are
self-fulfilling, and both ((n, f) , (g, r)) and, depending on the prob-
ability that the players end up in the same park, ((a, f) , (g, c)) or
((a, f) , (s, c)) are SE. When the probability of meeting player 1 is
sufficiently small, player 2 maximizes own material payoff by choosing
g. Player 2 is aware that he or she will transition to the fearful state
of mind and choose c should (g, a) occur.

If τ2 is sufficiently small, such that player 2 transitions to the fear-
ful state of mind regardless of own plan, then the unique SE depends
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Player 2’s updated peril, conditional on (g, a) corresponds to his or
her expected material payoff.
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on p and is either ((a, f), (g, c)) or ((a, f), (s, c)).
To summarize, if player 2 is sufficiently fear sensitive, and possibly

holds self-fulfilling beliefs, and the probability of ending up in the same
park as player 1 is sufficiently small, then there exists an equilibrium
in which player 1 makes an attempt and player 2 goes for a walk and
complies should an attempt occur. If the probability of ending up in
the same park as player 1 is sufficiently large, then an equilibrium
exists in which player 1 makes an attempt should the players meet,
and player 2 stays at home and complies should an attempt occur.

Proposition 3. Let p ≤ 10. When τ2 ≤ 50, ((a, f), (s, c)) is an SE.
It is the unique SE when τ2 ≤ (1− 1/p)10.

Fear insensitive victims go for a walk whereas fear sensitive vic-
tims may stay inside and forgo the utility of the walk. However, if
the probability of meeting a robber is sufficiently small, fear sensitive
victims may go for a walk while planning to comply if an attempt
occurs. Because fear thresholds are common knowledge, the robber
makes an attempt only if the victim is sufficiently fear sensitive.

As before, player 2 can be thought of as having two selves, one
for each state of mind. At his or her first decision node, player 2 is
the neutral self who prefers to go for a walk and resist any robbery
attempt. However, the neutral self is aware that the fearful self may
be in control at his or her second decision node. If τ2 is sufficiently
small, then the neutral self correctly anticipates that the fearful self
will be in control at the second decision node. Depending on the
probability of an attempt, the neutral self may either stay at home or
go for a walk.
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1.3.2 Bank Runs

Fear can also be of importance when the players’ incentives are aligned.
The game studied in this application is a multistage game between
three personal players and chance. Note that the personal players
are the bank clients. The bank is considered passive throughout the
game. The game is a simplification of Diamond and Dybvig’s (1983)
seminal bank run game and is inspired by the experimental work of
Garratt & Keister (2009).

The game proceeds in three stages. In stage 0 the players have 1

monetary unit and simultaneously decide whether to deposit it in the
bank (d) or keep it in the mattress (k). Chance is passive in stage 0.
In stage 1 and 2 of the game, all players with a deposit in the bank
decide whether to withdraw it (w) or let it remain in the bank (r).
The player’s decision tree is illustrated in Figure (1.4).

keep

withdraw

withdraw remain

remain

deposit

Figure 1.4: The personal players’ decisions in the bank run game.

If a player decides to withdraw the deposit, then the deposit is
withdrawn with probability 1. In addition, the players face an ex-
ogenous risk of ‘needing money tomorrow’: in each stage each player
faces the probability ε ∈ (0, 1) of being selected by chance and forced
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Figure 1.4: The personal players’ decisions in the bank run game.

If a player decides to withdraw the deposit, then the deposit is
withdrawn with probability 1. In addition, the players face an ex-
ogenous risk of ‘needing money tomorrow’: in each stage each player
faces the probability ε ∈ (0, 1) of being selected by chance and forced
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to withdraw. I assume that the exogenous risk of withdrawal is inde-
pendent both between stages and between players.

Let D denote the number of players who deposited their money
in the bank in stage 0. After stage 0, the bank’s assets equal the
units deposited by the players. If D > 1, then the bank invests in a
technology for an immediate cost of 1. This technology can provide
a return after stage 2. The bank needs to liquidate the assets if the
number of withdrawals in stages 1 and 2 is weakly greater than D−1.
Let Wk, k ∈ {1, 2} denote the number of withdrawals in stages 1 and
2 of the game. The bank liquidates the assets in stage 1 if W1 ≥ D−1,
and in stage 2 if W1+W2 ≥ D− 1. If the bank does not liquidate the
assets in either stage, then the technology ‘bears fruit’ and provides
a monetary return.

The payoffs are normalized such that only losing the full deposit
is a negative outcome. The normalized payoffs are illustrated in Table
1.1, conditional on all players depositing their money in stage 0. If
no player withdraws the deposit, then they each receives a normalized
payoff of 7. If only one player withdraws, then he or she receives a
normalized payoff of 1 and the two players not withdrawing receive a
normalized payoff of 5 each. If two players withdraw, then they each
receives a normalized payoff of 1, while the player not withdrawing
loses the full deposit and receives a normalized payoff of −1. This
can occur either by the two players withdrawing in the same stage or
by one of them withdrawing in stage 1 and the other in stage 2. If
all three players withdraw their deposit, then their normalized payoffs
depend on the order in which they withdrew. If all three players
withdraw simultaneous, then they each receive a payoff of 2/3. If one
player withdraws in stage 1 and the other two in stage 2, then the
player withdrawing in stage 1 receives a normalized payoff of 1 and
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the other two a normalized payoff of 1/2. The normalized payoff from
not depositing the unit is 1.18

Table 1.1: Normalized material payoffs given that all players deposit their
unit.

# Withdrawals πi(r) πi(w)

0 7 NA
1 5 1
2 −1 1
3 NA 2/3
1, 2 NA 1, 1/2

There is a multiplicity of SE in this game and the focus of this
analysis is on a ‘good strategy profile’ in which all players plan to
deposit their units in the bank and not to withdraw in either stage.

Definition 3. The strategy profile σ is a good strategy profile if σi =
(d, r, r) for all i ∈ I.

Players with standard preferences. Consider the game between
players with standard preferences. If they use the good strategy pro-
file, then player i’s initial expected payoff is19

E [πi| (3, r) ;αi] = (2/3)ε3 + (1− ε)ε2 + (1− ε)2ε

+ 2(1− ε)2εE [πi| ((3, 1), r) ;αi]

+ (1− ε)3E [πi| ((3, 0), r) ;αi] .

(1.15)

18This application can be generalized to other payoffs. Crucial for the results
is that only the outcome in which the player loses his or her full deposit has a
negative material payoff. The other values are used to calculate and compare
threshold values for ε for different equilibria.

19With a slight abuse of notation, the history is written as the number of deposits
in stage 0 and the number of withdrawals observed after stage 1.
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When the players use the good strategy profile, they only withdraw
their deposit if forced to do so. The first term is the (exogenous)
probability that all players withdraw in stage 1 for a normalized ma-
terial payoff of (2/3). The second term is the probability that two
players withdraw. If player i is one of them, then he or she receives
a normalized material payoff of 1, otherwise he or she receives a nor-
malized material payoff of −1. The third term is the probability that
only player i withdraws in stage 1 for a normalized material payoff of
1. The fourth term is the probability that a player j �= i withdraws
in stage 1 times the expected material payoff from stage 2. Likewise,
the fifth term is the probability that no player withdraws in stage 1
times the expected material payoff from stage 2.

At the beginning of stage 2, the players observe the withdrawals
in stage 1. If two or more players withdrew, then a bank collapse
has occurred and the remaining player (if any) loses all of his or her
money. If a player j �= i withdrew, then player i’s expected payoff
from not withdrawing in stage 2 is

E [πi| ((3, 1), r) ;αi] = 5(1− ε)2 + (1/2)ε2. (1.16)

If no player withdrew, then player i’s expected payoff from not with-
drawing in stage 2 is

E [πi| ((3, 0), r) ;αi] = (2/3)ε3 + (1− ε)ε2 + 11(1− ε)2ε+ 7(1− ε)3.

(1.17)
The payoff from deviating and withdrawing the deposit is 1 in either
stage. For ε < 0.496 the good strategy profile is an SE when the players
have standard preferences.
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Players with two states of mind. Now consider players who may
transition to the fearful state of mind. The maximin action in stages
1 and 2 is to withdraw the deposit. Assume the players have identical
fear thresholds, τi, and that they use the good strategy profile. In this
case, peril is due to the exogenous risk of withdrawal.

Player i’s initial peril, the probability that the other two players
will be forced to withdraw, is

Pi

(
h0|αi

)
= (1− ε)ε2 + 2(1− ε)3ε2 + (1− ε)4ε2. (1.18)

The first term is the probability that the other two players withdraw
in stage 1. The second term is the probability that one of the other
players withdraws in stage 1 and the other in stage 2. The third term
is the probability that both players withdraw in stage 2.

If no player withdrew in stage 1, then the updated peril is

Pi ((3, 0)|αi) = (1− ε)ε2. (1.19)

The updated peril corresponds to the probability that both other play-
ers are forced to withdraw in stage 2, but not player i.

The updated peril is smaller than the initial peril and P ′
i ((3, 0)|αi) =

0. There is no increase in peril and the players do not transition to
the fearful state of mind. If at least two players withdrew in stage 1,
then the bank has collapsed. Any remaining player transitions to the
fearful state of mind if sufficiently sensitive to fear, but he or she has
no action left to take and receives a payoff of −1.

The more interesting case is when only one player withdraws in
stage 1. The updated peril for the remaining players is

Pi ((3, 1)|αi) = (1− ε)ε. (1.20)
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The updated peril corresponds to the probability that (only) the other
player is forced to withdraw in stage 2.

The increase in peril is

P ′
i ((3, 1)|αi) = (1− ε)ε(1− (3(1− ε)3 + 1)ε). (1.21)

Let τ denote the maximum fear threshold for which the players tran-
sition to the fearful state of mind conditional on observing one with-
drawal in stage 1, τ = (1− ε)ε(1− (3(1− ε)3+1)ε). Once fearful, the
players prefer to deviate to w. The plan of choosing r in both stages
regardless of the outcome of stage 1 therefore cannot be an optimal
plan for such players.

Proposition 4. If the players are sufficiently sensitive to fear, τi ≤ τ ,
then the good strategy profile cannot be an SE.

Fear sensitive bank run players may experience a welfare loss mea-
sured in material payoffs. Moreover, this welfare loss is also imposed
on their fear insensitive co-players. The social welfare maximizing
strategy profile that fear sensitive players can coordinate on is to not
withdraw in stage 1 and withdraw in stage 2 conditional on one player
being forced to withdraw in stage 1. This strategy profile is an SE
for ε ≤ 0.422. In this SE no player is fearful on the equilibrium path.
The players coordinate on withdrawing conditional on observing one
withdrawal in stage 1, and withdrawing is not a negative outcome. In
addition, when the exogenous probability of withdrawal is sufficiently
high, the game has a unique equilibrium in which all players chooses
k and no money is invested. When the players may transition to the
fearful state of mind, the exogenous probability for this equilibrium to
be unique is smaller than for players with standard preferences. Since
fear sensitive players cannot commit to r conditional on observing an-
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other player withdrawing, they are less willing to choose d to begin
with.

Fear can spread in a population of players with different fear
thresholds. Consider the game between three players, but only i has
τi ≤ (1 − ε)ε(1 − (3(1 − ε)3 + 1)ε. Assume that the players use the
good strategy profile, but player j �= i is forced to withdraw in the first
stage. This causes player i to transition to the fearful state of mind.
The third player, player k, knows the value of τi and correctly antici-
pates that player i will withdraw in the next stage. Consequently, his
or her peril increases further and may reach τk, causing player k to
transition to the fearful state as well.

Proposition 5. A player with τi > τ may transition to the fearful
state of mind after observing one withdrawal in stage 1 if he or she
knows that the other remaining player will transition to the fearful
state.

1.3.3 Public Health Intervention

As a final application, consider a simple example of a public health
authority who wants to inform the public about accurate estimates of
the probability or cost of contracting a disease. This example stems
from the observation that in many cases beliefs over the probability
or cost of a negative outcome are mistaken.20

Consider a decision maker, player 1, who contemplates whether
to take a vaccine against a disease. Player 1 becomes immune to
the disease if he or she takes the vaccine. Otherwise player 1 faces a
positive probability of contracting it.

Player 1 holds correct beliefs over the probability of contracting

20Or they may be correct but still possible to influence.
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the disease and the cost of vaccination. However, he or she has un-
derestimated the cost of the disease.21 Recognizing this, the public
health authority launches an information campaign to inform player
1 about the true cost. Note that the public health authority is not
considered a player in this scenario.

The probability of contracting the disease (if not vaccinated) is
denoted by ε > 0, and the cost of vaccination is denoted by v, 0 <

v < 1. Player 1’s prior belief over the cost of the disease is denoted by
d, and his or her updated belief is denoted by d′, where d′ > d > 1.

The payoffs are normalized such that the only negative outcome
is to contract the disease. The normalized payoff from not taking the
vaccine and not contracting the disease is 1. The normalized payoff
from taking the vaccine is 1 − v. Finally, the normalized expected
payoff of contracting the disease is 1− d and 1− d′, when player 1 is
uninformed and informed, respectively. Player 1’s maximin action is
to take the vaccine.

First consider a player 1 who initially plans to take the vaccine.
Player 1 is risk neutral in the neutral state of mind and takes the
vaccine if v ≤ εd. Because the only negative outcome is contracting
the disease, player 1’s initial peril is zero, P1(h

0;α1) = 0. He or she
will take the vaccine and become immune to the disease. The public
health authority informs player 1 about the correct cost of the disease.
However, since player 1 plans to take the vaccine, the updated peril
is zero. There is no change in peril and, since v ≤ εd < εd′, player 1
is unaffected by the information.

Next consider a player 1 who initially plans not to take the vaccine.

21A related situation is the more ethically dubious case when the authority wants
to scare people into a certain behavior by overstating the cost.
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That is, v ≥ εd. Player 1’s initial peril is

P1(h
0;α1) = ε× d. (1.22)

The public health authority informs player 1 about the correct cost of
the disease. As in traditional theory, player 1 changes his or her plan
of taking the vaccine if v ≤ εd′. In addition, a fear sensitive player
may transition to the fearful state of mind if the information causes a
sufficiently large increase in peril.

Player 1’s increase in peril after receiving the information is

P ′
1(info;α1) = ε(d′ − d). (1.23)

Player 1 transitions to the fearful state of mind if the increase in the
cost of the disease is sufficiently large such that τ1 is reached. In
the fearful state of mind, player 1 maximizes minimum payoff by also
taking the vaccine when v > εd′. In other words, a fearful player 1
will take the vaccine when the cost outweighs the benefits.

Proposition 6. Fear sensitivity can strengthen the behavioral re-
sponse to information that increases the expected cost of negative
outcomes.

As in traditional theory, if v ∈ (εd, εd′], then information alters
behavior. A player who remains in the neutral state of mind after
receiving the information also takes the vaccine when εd < v ≤ εd′.
However, a player who transitions to the fearful state of mind after
receiving the information takes the vaccine regardless of the value of
v. Fear sensitive players with a high cost of vaccination may overcon-
sume the vaccine.22 On the other hand, vaccines often have a positive

22The cost of vaccination may for example include expected side effects that
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externality. Consider for example, a case in which a disease is highly
transmissible, but the players fail to take the positive externality into
account. In such a situation, a fear response may increase social wel-
fare.

1.4 Discussion

This paper presents a model of players who can transition from a
neutral to a fearful state of mind. In the neutral state of mind, the
players maximize own expected material payoff. In the fearful state of
mind, they maximize own minimum material payoff. The players are
in the neutral state of mind when the game begins and transition to
the fearful state after a sufficiently large increase in the expected cost
of negative outcomes, where outcomes are bad enough to potentially
instill fear when anticipated.

The focus of this paper is on how fear affects behavior through
its effect on a player’s risk aversion, but fear is also an unpleasant
emotion. While the disutility of experiencing fear is an incentive for
players to avoid fearful situations, this paper abstract from this to
focus on how behavior is affected once a fearful state is reached.

The interactions studied in this paper are assumed to be suffi-
ciently fast such that there is no time to transition back to the neutral
state of mind. However, in reality many interactions are slower and
allow for fear to fade away. Sometimes the notion of time needs to
be considered more carefully when emotions are modeled. Psycho-
logical game theory allows time to be explicitly modeled (Battigalli,
Corrao & Dufwenberg, 2019). The passing of a time period may allow
a player to transition back to the neutral state of mind. Such a model

may vary between players with different health statuses.
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requires an assumption regarding a fearful player’s degree of sophisti-
cation which is not necessarily the same as the degree of sophistication
in the neutral state of mind.

The transition from the neutral to the fearful state of mind is
determined by beliefs over outcomes. This means that transitions
cannot be explicitly caused by a player’s beliefs over others’ beliefs.
For example, someone might become fearful if he or she believes that
their boss believes that he or she has low productivity. However, one
can model this situation as a player with the negative outcome of
losing his or her job. An increase in the person’s belief that the boss
believes that he or she has low productivity causes an increase in the
probability that he or she will lose the job, which may trigger fear.

Players’ increased concern with risk in the fearful state of mind
causes a strengthened change in behavior that may appear as an over-
reaction. This observation is in line with empirical and experimental
research that finds a ’residual’ change in behavior after bad news or
adverse events (Guerrero et al., 2012; Guiso et al., 2018; Piccoli et
al., 2017; Wang & Young, 2020). In other words, the behavioral re-
sponse is stronger than what can be explained by traditional factors
alone. The residual change in behavior is however consistent with an
emotion-based change of the utility function.

This paper studies sophisticated players who can perfectly predict
own and others’ transitions between their states of mind, and the be-
havioral consequences thereof. In the sequential equilibrium for psy-
chological games, the players are certain about own and others’ plans,
and never change their minds about them. Any deviations from the
plans are interpreted as mistakes. This is a strong assumption, es-
pecially since the players’ decision utility may depend on both own
and others’ plans. However, the analysis shows that fear is of impor-
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its effect on a player’s risk aversion, but fear is also an unpleasant
emotion. While the disutility of experiencing fear is an incentive for
players to avoid fearful situations, this paper abstract from this to
focus on how behavior is affected once a fearful state is reached.

The interactions studied in this paper are assumed to be suffi-
ciently fast such that there is no time to transition back to the neutral
state of mind. However, in reality many interactions are slower and
allow for fear to fade away. Sometimes the notion of time needs to
be considered more carefully when emotions are modeled. Psycho-
logical game theory allows time to be explicitly modeled (Battigalli,
Corrao & Dufwenberg, 2019). The passing of a time period may allow
a player to transition back to the neutral state of mind. Such a model

may vary between players with different health statuses.
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requires an assumption regarding a fearful player’s degree of sophisti-
cation which is not necessarily the same as the degree of sophistication
in the neutral state of mind.

The transition from the neutral to the fearful state of mind is
determined by beliefs over outcomes. This means that transitions
cannot be explicitly caused by a player’s beliefs over others’ beliefs.
For example, someone might become fearful if he or she believes that
their boss believes that he or she has low productivity. However, one
can model this situation as a player with the negative outcome of
losing his or her job. An increase in the person’s belief that the boss
believes that he or she has low productivity causes an increase in the
probability that he or she will lose the job, which may trigger fear.

Players’ increased concern with risk in the fearful state of mind
causes a strengthened change in behavior that may appear as an over-
reaction. This observation is in line with empirical and experimental
research that finds a ’residual’ change in behavior after bad news or
adverse events (Guerrero et al., 2012; Guiso et al., 2018; Piccoli et
al., 2017; Wang & Young, 2020). In other words, the behavioral re-
sponse is stronger than what can be explained by traditional factors
alone. The residual change in behavior is however consistent with an
emotion-based change of the utility function.

This paper studies sophisticated players who can perfectly predict
own and others’ transitions between their states of mind, and the be-
havioral consequences thereof. In the sequential equilibrium for psy-
chological games, the players are certain about own and others’ plans,
and never change their minds about them. Any deviations from the
plans are interpreted as mistakes. This is a strong assumption, es-
pecially since the players’ decision utility may depend on both own
and others’ plans. However, the analysis shows that fear is of impor-
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tance even when players can perfectly predict own and others’ state
transitions. Whereas the study of naïve players who cannot perfectly
predict own emotional response is outside the scope of this paper, it
is an interesting avenue for future research.

It is natural to ask whether fear, modeled as belief-dependent risk
aversion, makes sense from an evolutionary perspective. Aumann
(2019) argues that people use rules to guide their behavior and that
these behavioral rules are the product of evolutionary forces. Rather
than maximizing utility over actions, people adopt rules of behavior
that do well in usual, naturally occurring situations. A simple exam-
ple of such a rule related to fear could be ‘maximize expected utility
when in a safe environment and minimize the worst losses when in
peril’.

Besides the scenarios studied in this paper–robberies, bank runs,
and public health policy–fear may be an important factor in under-
standing behavior in other situations, such as conflict; environmental
dangers and climate risk; and financial decision making. These appli-
cations are potentially of great importance and are potential areas of
future research.
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both facilitate and obstruct cooperation in a repeated prisoners’ dilemma

game. In finitely repeated games a player who cares only for own material
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2.1 Introduction

The multitude of repeated interactions in everyday life are often mod-
eled as repeated games. However, a crucial assumption of a repeated
game is that the stage game is identical for each period. This is a
strong assumption even when the material consequences of the inter-
action remain the same. For one thing, emotions are likely both to
be affected by the outcomes of earlier periods and to influence prefer-
ences. Consequently, the stage games differ and the interaction cannot
properly be modelled as a repeated game. While conditional prefer-
ences have been studied before (Levine, 1998; Cox, 2007, 2008), this
paper is the first to study preferences conditional on emotional states
of mind in repeated interactions.

This paper proposes a model of players with emotionally driven so-
cial preferences in repeated interactions. The assumption of a unique
stage game is relaxed through use of the stochastic games framework.
Stochastic games, first introduced by Shapley (Shapley, 1953), are a
generalization of repeated games, in which the stage game can change
between periods. Stochastic games have been frequently used in mod-
els of oligopoly and competition, e.g. to model endogenous demand.
This paper is, to my knowledge, the first to apply the stochastic games
framework to a model of social preferences. In this model, the play-
ers can react emotionally to the actions of other players, and, as a
response, transition between different states of mind. A cooperative
act by another player may induce a player to become friendly and
value the other player’s material payoff positively, whereas a hurt-
ful act may induce the player to become hostile and value the other
player’s material payoff negatively.1 Each state of mind defines a vec-

1Recent experimental findings highlight the relationship between emotions and
social preferences (Drouvelis, 2016; Capra, 2004; Ben-Shakhar, 2007; Kirchsteiger,
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tor with stage game utilities. The players’ type defines a transition
matrix which, given a current state and an action profile, defines a
probability distribution over next period’s states of mind.

Focus is on a set of relatively simple player types whose state tran-
sitions are solely determined by the last observed action of the other
player. The traditionally studied Homo oeconomicus corresponds to a
type who cannot transition from the neutral state of mind. The Homo
oeconomicus is contrasted to an emotional type which transitions be-
tween three states of mind, a friendly, a neutral, and a hostile.

The model is applied to a repeated prisoners’ dilemma game form
with fixed material payoffs, but where the players’ preferences over
outcomes evolve with the history of play. Both the finite and the
infinite interaction is studied. In the infinitely repeated interaction
focus is on the Grim Trigger and a mutual minmax strategy profiles
and the conditions required for them to be subgame perfect Nash
equilibria.

The paper shows how a history-sensitive concern for the other
player’s material payoffs can be beneficial for cooperation. A positive
concern, for example after a good history of play, can encourage fur-
ther cooperation. Likewise, a negative concern, after a bad history
of play, can make threats of punishment more credible than in the
standard model. Moreover, a Homo oeconomicus can have an incen-
tive to manipulate the other player for future gains. The two main
contributions of this paper are (i) the framework for modeling emo-
tions in a repeated interaction using stochastic games and (ii) a better
understanding of how emotions can affect cooperation.

The observation that altruistic preferences can be conditional has
been made before. In the model by Levine (Levine, 1998), altruistic

2006).
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and the conditions required for them to be subgame perfect Nash
equilibria.

The paper shows how a history-sensitive concern for the other
player’s material payoffs can be beneficial for cooperation. A positive
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standard model. Moreover, a Homo oeconomicus can have an incen-
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preferences are conditional upon the degree of altruism of the other
player. Altruistic individuals want to be altruistic toward other al-
truistic individuals, but not toward those who only care for their own
well-being. Cox et al. (Cox, 2007) and Cox et al. (Cox, 2008) model
reciprocity in extensive form games. That is, the players can become
more or less altruistic toward someone depending on how altruistically
the other player has acted. In the model proposed in this paper, the
altruistic preferences are conditional on the players’ emotional state of
mind, which is affected by the history of play. Related is also Oechssler
(Oechssler, 2013). Oechssler shows that when players in a repeated
interaction have social preferences, utility may not be separable across
periods since outcomes in earlier periods may affect the utility from
choices in the last period.

This paper is outlined as follows. Section 2 presents the model
of a stochastic prisoners’ dilemma game with emotional players. Sec-
tion 3 analyzes the finitely and infinitely repeated interaction between
(potentially) emotional players. Section 4 concludes and relates the
model to earlier literature.

2.2 Model

This paper studies repeated interactions between players with emo-
tionally driven social preferences. The assumption is that two play-
ers who have never met before, and who are in the initial state of a
repeated interaction, care only for own material payoff. As the inter-
action progresses the players become more friendly, or more hostile,
toward each other depending on the other’s behavior.

Focus is on two-player games, I = {1, 2}, and more precisely on a
repeated prisoners’ dilemma game (form) with fixed material payoffs,
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as illustrated in Table 2.1. Each player has two actions, cooperate (C)
and defect (D). If both players choose C, they each receive a material
payoff of c; if both choose D, they each receive a material payoff of d.
If one of them chooses C while the other chooses D, the first player
receives a material payoff of 0 and the second player receives a material
payoff of b. With b > c > d > 0 each player has a dominant action,
D, but the associated payoff vector is Pareto dominated by the payoff
vector received if they both choose C.

Table 2.1: Material payoffs.

C D

C c, c 0, b
D b, 0 d, d

Let A = {C,D} denote the set of available actions. An action
profile, a = (a1, a2) ∈ A2, is a pair of actions.

Both players have the same finite set of states of mind, M . When
the players’ preferences over own and other’s material payoffs depend
on their current state of mind, the repeated interaction can be modeled
as a stochastic game. Stochastic games generalize repeated games by
allowing the stage game, or state, to change between periods and were
first introduced by Shapley Shapley (1953). In this model the state
space corresponds to the cartesian product of the two players’ states
of mind, S = M2.

Each player i has transition probabilities Pi(m|s, a) that, given
an action profile, a ∈ A2, and the current state, s ∈ S, specifies the
probability of transitioning to m ∈ M , a state of mind. Attention is
restricted to players whose state of mind is only affected by the last
observed action of the other player, and not by any action further
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back in the history of play. Given the interaction’s material payoffs,
each state of mind defines a vector of corresponding utilities.

The stage payoff function for player i is denoted ui : S ×A2 → R:

ui(s, a) = πi(a) + φ(mi)πj(a). (2.1)

The first term is utility derived from a material payoff, πi. The second
term is utility derived from a psychological payoff, φ(mi)πj . That is,
utility derived from a positive or negative concern for the other player’s
material payoff. This paper considers three states of mind: friendly
(F), neutral (N), and hostile (H). In the friendly state of mind, the
player cares positively for the other player’s material payoff, φ(F ) =

α ∈ R+. In the neutral state of mind, the player only cares for own
material payoff, φ(N) = 0. In the hostile state of mind the player cares
negatively for the other player’s material payoff, φ(H) = −γ ∈ R−.

Focus is on two types of players, traditional and emotional. The
player types differ in their transition probabilities. The traditional
player, or Homo oeconomicus, starts in the neutral state of mind and
cannot transition to any other state (such transitions have a zero
probability). The emotional player starts in the neutral state of mind
and can transition between all states of mind.

The game is finitely or infinitely repeated. The players’ common
discount factor is denoted δ ∈ (0, 1). In real life, the material and
psychological discount factors most likely differ. However, for sim-
plicity of analysis, I assume that material and psychological payoffs
are discounted identically.

The game is of perfect monitoring. In each period a simultaneous-
move game of complete information is played. Before the players
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choose their actions the state is drawn and revealed to them. The
interpretation is that the players are able to recognize their own state
of mind and identify the other player’s state of mind from their fa-
cial expression.2 This is a strong assumption, made to simplify the
analysis. The model is however not restricted to games of complete
information and uncertainty over others’ state of mind can be modeled
using a stochastic game of incomplete information Sorin (2003).

The set of period-t ex ante histories, denoted H̃ t, is the set (S ×
A2)t for each t > 0, which identifies the state and action profile in each
period. The set of ex post histories also specifies the current state of
the game, (S × A)t × S, and is denoted byH t. Let H = ∪∞

t=0H
t,

with H̃ 0 = {∅}, so that H 0 = S.
A pure behavior strategy profile, σ : H → A, defines an action for

each player and each ex post history. Given a strategy profile σ ∈ Σ,
the stochastic game defines a Markov chain on the finite state space
S.

The normalized expected present value for player i is3

Ui(σ) = (1− δ)E

[
T∑
t=1

δt−1ui(st, at)

]
, (2.2)

where T is a positive integer or infinity.
A strategy profile σ constitutes a Nash equilibrium of the stochas-

tic game if Ui(σ) ≥ Ui(σ
′
i, σ−i) for all i ∈ I and all σ′

i ∈ Σi. A strategy
profile is a subgame perfect equilibrium of the stochastic game if, for

2There is a rich literature on the identification of emotions in facial expressions
Ekman (1971); Izard (1971). The basic emotions - happy, sad, angry, fearful,
disgusted, and surprised - can be identified across all cultures.

3Multiplying by (1 − δ) as in (2.2) is a non-essential normalization, made to
simplify calculations.
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any ex post history h ∈ H , the continuation strategy profile σ|h is a
Nash equilibrium of the continuation game.

2.3 Analysis

The focus of this analysis is on repeated interactions between two
pairs of player types. The first pair consists of one Homo oeconomicus
and one emotional player, and the second of two identical emotional
players. Further, each pair is compared to the benchmark case of
play between two Homo oeconomicus. For the infinitely repeated in-
teraction, two subgame perfect strategy profiles, Grim Trigger and a
mutual minmax, are compared.

The emotional player type has deterministic state transitions as
illustrated in Figure 2.1.4 The player starts in the neutral state of
mind and transitions to the friendly state of mind if the other player
chooses C, and to the hostile if the other player chooses D. In the
friendly state of mind the player transitions to the hostile if the other
player chooses D, and stays if the other player chooses C.5 Finally,
in the hostile state of mind the player transitions to the neutral if the
other player chooses C, and stays if the other player chooses D.

2.3.1 The finitely repeated interaction

Consider the finitely repeated interaction between one Homo oeco-
nomicus, player 1, and one emotional player, player 2, with three
states of mind, M = {F,N,H}. The corresponding stochastic game
has nine states, S = M2. Only three are reachable from the initial

4The transitions are initially assumed to be deterministic. An analysis of play-
ers with stochastic state transitions can be found in the Appendix

5An alternative is to let the player transition to the neutral state rather than
to the hostile state. This would however not affect the analysis of the game.
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Figure 2.1: State transitions. The emotional player can transition between
three states of mind and the transitions depend deterministically on the
observed actions of the other player.

state since by definition the Homo oeconomicus never leaves the neu-
tral state of mind: {NF,NN,NH} ⊂ S. The utility matrices are
illustrated in Table 2.2. Player 1 is the row player and player 2 is the
column player.

Table 2.2: Utility matrices.

C D

C c, c+ αc 0, b
D b, αb d, d+ αd

(a) s = NF

C D

C c, c 0, b
D b, 0 d, d

(b) s = NN

C D

C c, c− γc 0, b
D b,−γb d, d− γd

(c) s = NH

Player 2’s utility from choosing D in the friendly state of mind is
higher compared to in the neutral state of mind. However, so is the
utility from choosing C, and the increase in utility from choosing C is
larger than the increase in utility from choosing D. Suppose player 2
is in the friendly state of mind and believes that player 1 will choose
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C with probability p. Then player 2’s expected utility from choosing
C is: p(c+αc) + (1− p)αb. Likewise, player 2’s expected utility from
choosing D is: pb + (1 − p)(d + αd). Thus, given p, an increase in α

increases player 2’s utility from choosing C more than it increases the
utility from choosing D.

For (D,D) to be a Nash equilibrium in the stage game in the
friendly state, α has to be sufficiently small.6 If αb > d + αd, then
(D,C) is the unique Nash equilibrium in that stage game, and if
c+αc > b, then C is the emotional players best response to the other
player choosing C.7

Consider the finitely repeated game with a payoff structure that
satisfies the above conditions, and let T = 2. In the last period, the
players have to play the Nash equilibrium of that stage game: if they
are in the friendly state, player 1 chooses D, and player 2 chooses
C. In the first period, player 1 has to choose C for the players to
transition to the friendly state. Player 2 best responds by choosing
D. Player 1 uses the first period to manipulate player 2 into the
friendly state of mind. Player 1 is willing to do so given sufficient
patience, δ > d/(b− d).

Let Σ∗ be the set of subgame perfect equilibria of the finitely
repeated interaction.

Proposition 7. Suppose that T = 2. If c+αc > b, αb > d+αd, and
δ > d/(b−d) hold, then there exists σ∗ ∈ Σ∗, such that ai(t, s|σ∗) =

{C} for some t ≤ T and s ∈ S.

6The stage game is thus not a prisoner’s dilemma in the state s = NF .
7The action profile (D,C) is an unintuitive Nash equilibrium. It is an equilib-

rium because the players first receive their payoffs, both material and psychologi-
cal, and then transition to the other state of mind. If the players would transition
before receiving their payoffs, and thus evaluate the payoffs according to their new
state, (D,C) would not be an equilibrium.
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Consider next the case of T = 3. Player 1 still has to be sufficiently
patient to choose C in the first period. Further, in the second period,
if the players are in the friendly state, then player 2 chooses C, player
2’s dominant action, whereas player 1 chooses between C and D. By
choosing C, player 1 postpones the higher utility until the last period,
and receives a total utility of δc + δ2b. By choosing D, player 1
receives the higher utility in this period, but receives a lower utility
in the last period, δb+ δ2d. Player 1 chooses C in the second period
given sufficient patience, δ > (b − c)/(b − d) ∈ (0, 1). Finally, in the
last period, the players play the Nash equilibrium of that stage game.

Hence for T > 2, player 1 has more opportunities to benefit from
player 2’s friendly state of mind. Player 1 will take these opportu-
nities given sufficient patience. The patience required for player 1 to
manipulate player 2 into the friendly state of mind in the first period
is then decreasing in T .

For each finite time horizon T , there is a minimal discount fac-
tor, δ◦(T ), required for the action profile (C,C) to be played on the
equilibrium path of the finitely repeated game.

Proposition 8. Suppose that T > 2. If c+αc > b and αb > d+αd

hold, then δ◦(T ) > δ◦(T ′) if T < T ′.

Finally, consider the finitely repeated interaction between two
emotional players. The corresponding stochastic game has nine states,
S = M2, all reachable from the initial state.8 Note that a player’s
transitions are independent of the other player’s state of mind. One
player can be in the neutral state of mind while the other is in the

8The observant reader may note that the state s = FF , with two emotional
players, also transforms the stage game. In short, the stage game of s = FF is a
prisoner’s delight if c+αc > b > d+αd, a stag hunt if c+αc > b and d+αd > b,
and a hawk-dove game if c+ αc < b and αb > d+ αd.
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hostile state of mind. If α is sufficiently large, c+αc > b, then the play-
ers can sustain cooperation by strategically manipulating each other´s
states of mind. Notice that once both players are in the friendly state
of mind the unique stage game Nash equilibrium is for both to choose
C.

Let Σ∗ be defined as before.

Proposition 9. Suppose that T ≥ 2. If c+αc > b then there exists
σ∗ ∈ Σ∗, such that for all t ∈ T and s ∈ S, ai(t, s|σ∗) = {C}.

To summarize, in the finitely repeated prisoner’s dilemma game
between a Homo oeconomicus and an emotional player, the Homo oe-
conomicus may cooperate initially to manipulate the emotional player
into a friendly state of mind. Similarly, two emotional players may
strategically manipulate each other’s state of mind. If their friendly
emotion is sufficiently strong, they will end up cooperating for the full
duration of the game.

2.3.2 The infinitely repeated interaction

Consider the infinitely repeated interaction between a Homo oeco-
nomicus, player 1, and an emotional player, player 2.9 The set of
feasible payoff vectors (utility vectors) in a stochastic game is the con-
vex hull of the range of the present values from the pure stationary
Markov strategy profiles.10 The two players have eight pure station-
ary Markov strategies each: choose C regardless of state; choose C

in the friendly and neutral states and D in the hostile; choose C in
the friendly state and D in the neutral and hostile states; choose C in

9The following analysis relies on the folk theorem for stochastic games proved
by Dutta Dutta (1995).

10The values of γ, and b, c, d determines which present values that are vertices
in the convex hull.
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the friendly and hostile states and D in the neutral; choose D in the
friendly state and C in the neutral and hostile states; choose D in the
friendly and neutral state and C in the hostile state; choose D in the
friendly and hostile states and C in the neutral state; and choose D

regardless of state.
Player 1’s utilities are state independent, and the minmax utility

is v1(s) = d. Since both players start in the neutral state of mind
s0 = NN , player 2’s minmax utility is v2(δ, s0) = d− γd.

(c, c+ αc)b

(b,−γb)

d− γd

d

U1

U2

Figure 2.2: The set of feasible and individually rational utility vectors. One
emotional player with three states of mind and one Homo oeconomicus play
the game.

Figure 2.2 illustrates the set of feasible and individually rational
payoff vectors. The shaded areas mark the differences to the bench-
mark case of play between two Homo oeconomicus. Player 2 can
achieve a higher utility compared to a Homo oeconomicus given that
sufficient time is spent in the friendly state of mind. Player 2 can also
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10The values of γ, and b, c, d determines which present values that are vertices
in the convex hull.
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achieve a lower utility compared to a Homo oeconomicus given that
sufficient time is spent in the hostile state of mind. Note also that
a Homo oeconomicus can receive a higher utility in a game with an
emotional player compared to the benchmark case. This is because
player 2 can have a negative concern for player 1’s material utility and
thus has a lower minmax payoff. In other words, a Homo oeconomi-
cus can bring about a higher payoff for him- or herself by using the
emotional player’s self-knowledge of own hostile state of mind.

In addition, there is a subset of feasible and individually rational
utility vectors in which both players receive a higher utility than what
is possible for two Homo oeconomicus. This is because player 2’s posi-
tive concern for the material payoff of player 1 increases the maximum
utility that can be received in each period. If b = 4, c = 3, d = 2, then
the maximum utility for any player in the benchmark case is 3.29, and
the cooperative utility vector is (3, 3). If, in addition, γ = α = 0.2,
the maximum utility player 1 can receive from the interaction with
the emotional player is 3.45, and the maximum utility the emotional
player can receive is 3.74. The maximum symmetric utility vector is
(3.11, 3.11).

The cooperative utility vector, (c, c + αc), belongs to the set of
feasible and individually rational utility vectors. Moreover, as we will
see, both the Grim Trigger and mutual minmax strategy profiles can
sustain this outcome as a subgame perfect Nash equilibrium, given
that the players are sufficiently patient.

Grim trigger

In a standard repeated game the one-shot deviation principle is used
to verify that a strategy profile is a subgame perfect equilibrium. In a
stochastic game the players have two reasons to deviate from a strat-
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egy. As in the repeated game they may do so for the immediate payoff,
but there is also an incentive to deviate in order to influence future
state transitions. As the players become more patient the second in-
centive becomes more important. In a stochastic game with either a
finite set of states or a deterministic transition function, a strategy σ̂i

is a one-shot deviation for player i, from strategy σi, if there is only
one history at which the strategies disagree. A strategy profile σ in
such a game is subgame perfect if, and only if, there are no profitable
one-shot deviations Mailath (2006).

First consider the game between one Homo oeconomicus, player 1,
and one emotional player, player 2. The Grim Trigger strategy profile
is subgame perfect if neither of the two players has a profitable one-
shot deviation. Player 1 has no incentive to deviate if the normalized
discounted utility from using the strategy, c, is higher than the sum
of the normalized discounted utilities from player 1’s best one-shot
deviation, (1− δ)b, and from continued play of the Nash equilibrium,
δd.

Player 1 has no incentive to deviate iff

c ≥ (1− δ)b+ δd. (2.3)

This condition is identical to the corresponding one in the benchmark
case. Note that player 2 cannot hurt player 1 more than by choosing
D, and since player 1 only cares for own material payoff, player 1 is
unaffected by player 2’s state of mind.

Now turn to the emotional player, player 2. Assume that player 2
uses the strategy. In the first period player 2 is in the neutral state of
mind and receives a normalized discounted utility of (1 − δ)c before
transitioning to the friendly state of mind and remaining there for
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the rest of the interaction, receiving a normalized discounted utility
of δ(c+ αc).

Player 2 can deviate either in the neutral or in the friendly state of
mind. It is most profitable for player 2 to deviate already in the first
period because the immediate benefit from cooperation is lower in the
neutral state. The normalized discounted utility in the first period
is then (1 − δ)b. In the second period the Nash equilibrium action
profile (D,D) is played. Player 2 is in the friendly state of mind since
player 1 choose C in the first period,. Player 2’s normalized discounted
utility in that period is (1 − δ)δ(d + αd). In the third period, player
2 has transitioned to the hostile state of mind and will stay there for
the remaining interaction, receiving a normalized discounted utility of
δ2(d− γd).

If s = NN , then player 2 has no profitable one-shot deviation from
the Grim Trigger strategy profile iff

(1− δ)c+ δ(c+αc) ≥ (1− δ)b+(1− δ)δ(d+αd)+ δ2(d− γd). (2.4)

When α = γ = 0, (2.4) is identical to (2.3). An increase in either α

or γ decreases player 2’s profitability of deviating. Player 2’s positive
concern for the other player’s material utility increases the benefit
from cooperation, and the negative concern increases the cost of devi-
ating. Player 2 requires less patience than player 1 not to deviate, and
the common discount factor required for Grim Trigger to be subgame
perfect is determined by the condition for player 1.

Let δGT
H and δGT be the minimal discount factors required for the

Grim Trigger strategy profile to be subgame perfect in the case of play
between one Homo oeconomicus and one emotional player, and in the
benchmark case respectively.
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Proposition 10. Suppose that both players use the Grim Trigger
strategy. Then δGT

H = δGT .

Next consider the game between two emotional players. Note that
an emotional player receives no utility from the state of mind of the
other player, only from their material payoff. Therefore the condition
for an emotional player not to deviate from a strategy profile does not
depend on the type of the other player.

Thus, in the infinitely repeated interaction between two identical
emotional players, the Grim Trigger strategy profile is subgame perfect
iff (2.4) holds. An increase in either α or γ decreases the patience
required not to deviate; both states of mind facilitate cooperation
when the Grim Trigger strategy is used.

Let δGT be defined as before and let δGT
E be the minimal discount

factor required for the Grim Trigger strategy profile to be subgame
perfect in the game between two emotional players.

Proposition 11. Suppose that both players use the Grim Trigger
strategy. Then δGT

E < δGT , and δGT
E is decreasing in α and γ.

To summarize, two emotional players can sustain cooperation eas-
ier than two Homo oeconomicus if they use the Grim Trigger strategy.
With that strategy, both the friendly and the hostile state of mind fa-
cilitate cooperation.

Mutual minmax

Consider next the mutual minmax strategy profile in which the players
choose C as long as both have always chosen C; they choose C also
if the history contains L consecutive periods of mutual play of D

after which only C has been played; they play the mutual minmax
action, D, for L consecutive periods after all other histories. Let any
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history after which the players choose C be denoted the cooperative
phase, and any history after which the players choose D be denoted
the punishment phase.

A noteworthy implication of the transition probabilities in Figure
2.1 is that two players who punish each other by choosing D will both
transition to the hostile state of mind. When the punishment period
is over, the players are still in a hostile state of mind.11

In the benchmark case the players may have an incentive to deviate
either during the cooperative phase or during the punishment phase.
The players have no incentive to deviate during the punishment phase
since the mutual minmax action profile, (D,D), coincides with the
unique Nash equilibrium. In the cooperative phase the players have
no incentive to deviate iff

c ≥ (1− δ)b+ (1− δ)δd+ ...+ (1− δ)δLd+ δL+1c. (2.5)

The normalized discounted utility from deviating is the sum of three
terms: the one-shot deviation utility of (1 − δ)b, the utility received
during the punishment phase of L periods, (1− δ)(δ + ...+ δL)d, and
the utility received from returning to choosing C after the punishment
period, δL+1c.

The above condition can also be presented as a cost-benefit cal-
culation. The benefit of deviating is the utility from the one-period
deviation, b, minus the one-period utility from using the strategy, c.

11This may seem unintuitive, but consider for example a husband and wife’s
cooperation over household work. One of them fails to do the dishes, and they
punish each other by letting the dishes pile up. After three days they are supposed
to return to cooperation. However, at this point the punishment may even have
exacerbated the hostile emotions.
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The cost of deviating is the utility received if no one had deviated, c,
minus the utility received during the punishment phase, d, for the L

consecutive periods of punishment. Thus (2.5) can be rewritten as

b− c ≤ (c− d)(δ + δ2 + ...+ δL). (2.6)

Now consider the case of one Homo oeconomicus and one emo-
tional player. The condition required for the Homo oeconomicus not
to deviate is the same as the condition in the benchmark case. The
reasoning is similar to the case of the Grim Trigger strategy profile.

Now turn to player 2, the emotional player. Player 2 can either
deviate during the cooperative phase or during the punishment phase.
Moreover, the incentives to deviate are affected by player 2’s states of
mind.

First consider the equilibrium path history, in which no player thus
far has chosen D. Start with assuming a punishment phase of length
one, L = 1. On the equilibrium path, player 2 can either deviate in
the neutral or in the friendly state of mind, and it is most profitable to
deviate in the neutral state. Player 2’s benefit from the best one-shot
deviation is b−c. After the deviation the players punish each other for
L periods. In the first punishment period, however, player 2 is in the
friendly state of mind since player 1 cooperated in the previous period,
and incurs a normalized discounted cost of (1 + α)(c − d)δ. Player 2
then transitions to the hostile state of mind, and therefore receives
a smaller utility from choosing C during the two periods required to
transition to the friendly state of mind. This implies a additional cost
of δ2(α+ γ)c+ δ3αc.
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Suppose that L = 1 and s = NN , then player 2 has no profitable
one-shot deviation in the cooperative phase iff

b− c ≥ (1 + α)(c− d)δ + δ2(α+ γ)c+ δ3αc. (2.7)

When α = γ = 0, (2.7) is identical to (2.6). When α, γ > 0, player 2
has a higher cost of deviating than player 1.

Now assume L = 2. Player 2’s one-period benefit from deviating
is as before, and so is the cost in the first punishment period. In the
second period of the punishment phase, player 2 has transitioned to
the hostile state of mind, and incurs a normalized discounted cost of
((1 + α)c− (1− γ) d) δ2. In addition, player 2 also incurs the cost pf
transitioning back to the friendly state of mind once the players return
to cooperation.

Suppose that L = 2 and s = NN , then player 2 has no profitable
one-shot deviation in the cooperative phase iff

b−c ≤ (1+α)(c−d)δ+((1+α)c−(1−γ)d)(δ2)+δL+1(α+γ)c+δL+2αc.

(2.8)

For punishment phases of length L > 2, the above condition can be
generalized to

b− c ≤ (1 + α)(c− d)δ + ((1 + α)c− (1− γ)d)(δ2 + δ3 + ...+ δL)

+ δL+1(α+ γ)c+ δL+2αc.

(2.9)

When α = γ = 0, (2.9) is identical to (2.6). An increase in either α

or γ increases the cost of deviation and thus decreases the patience
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required to use this strategy.
Player 2’s states of mind have three effects on the profitability of

deviating in the neutral state of mind. First, the utility from continued
cooperation is larger because of the, in the friendly state of mind,
positive concern for the other player’s material payoff. Second, the
utility during the punishment phase is smaller if L > 1, due to the
negative concern for the other players material payoff. Third, it takes
time for player 2 to calm down and transition back to a friendly state
of mind once the players have returned to cooperation.

Next consider the off the equilibrium path histories. If one player
deviated in the previous period, the players are supposed to play the
mutual minmax action profile, (D,D), for L consecutive periods. If
player 1 deviated then player 2 is in the hostile state of mind and
has no incentive to deviate from the punishment. However, if player
2 deviated and player 1 cooperated, player 2 has transitioned to the
friendly state of mind and might be less inclined to punish the other
player. If player 2 deviates from punishment, the immediate benefit
is: αb − (1 + α)d. After this deviation, the players are supposed to
restart the punishment phase, and now player 2 has transitioned to
the hostile state of mind. The normalized discounted utility from the
extra period of punishment is δL+1(d − γd). Player 2 would have
received δL+1(c − γc) from using the strategy. In addition, player 2
also faces the delayed cost of transitioning back to the friendly state
of mind.

If s = NF , then player 2 has no profitable one-shot deviation from
punishment iff

αb− (1 + α)d ≤ δL+1(1− γ)(c− d) + δL+2γc+ δL+3αc. (2.10)
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The friendly state of mind has two effects on the profitability of devi-
ating during the punishment phase. It increases the cost of punishing
the other player due to the positive concern for the other player’s ma-
terial payoff, but also increases the cost of deviating due to the cost
of transitioning back to the friendly state of mind after the punish-
ment phase. When δL+3 > (b− d)/c the first effect dominates and an
increase in α increases the cost of punishing the other player.

Further, the hostile state of mind also has two effects on the cost
of punishing the other player. It increases the cost of deviating from
punishment by increasing the cost of remaining in the hostile state,
but also decreases the cost of deviating by decreasing the difference in
utility between cooperation and punishment. If player 2 is sufficiently
patient, δ > (c − d)/c, the first effect dominates, and an increase in
γ increases the cost of deviating from the punishment. Thus, while
player 2’s positive concern for the other player’s material payoff can
make threats of punishment less credible, the possibility of transition-
ing to the hostile state of mind offsets this effect.

Finally, after a punishment phase the players are supposed to re-
turn to cooperation, but once in the hostile state of mind, player 2
may require more patience to do so.

First suppose L = 1, and that player 2 is in the hostile state
of mind. Player 2’s immediate benefit from deviating is b − c + γc.
Since player 1 cooperated player 2 transitions to the neutral state
of mind, and the cost of the single punishment period is (c − d)δ.
Following the punishment period player 2 transitions to the hostile
state of mind. Once cooperation is resumed, player 2 also faces the
cost of transitioning from the hostile to the friendly state of mind.

If L = 1, and s = NH, then player 2 has no profitable one-shot
deviation from cooperation iff
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b− (1 + γ)c ≤ (c− d)δ + δL+1(α+ γ)c+ δL+2αc. (2.11)

When α = γ = 0, (2.11) is identical to (2.6). An increase in α

increases player 2’s cost of deviating, and an increase in γ increases
player 2’s benefit from deviating. Player 2 might thus require more
patience than player 1 for the strategy profile to be subgame perfect.

Now suppose L = 2. Then player 2’s one-period benefit from
deviating is as before, and so is the cost in the first period of the
punishment phase. In the second period of the punishment phase,
player 2 has transitioned to the hostile state of mind. In the hostile
state of mind player 2 receives a lower utility, d − γd, than in the
friendly state of mind. After the punishment phase has ended, player
2 faces the cost associated with transitioning back to the friendly state
of mind.

For punishment phases of length L > 1, the condition in (2.11)
can be generalized to

b− (1− γ)c ≤ (c− d)δ + ((1 + α)c− (1− γ)d)(δ2 + δ3 + ...+ δL)

+ δL+1(α+ γ)c+ δL+2αc.

(2.12)

When α = γ = 0, (2.12) is identical to (2.6). An increase in α in-
creases player 2’s cost of deviating, whereas an increase in γ now
increases both the benefit and the cost of deviating. The cost increase
dominates if

c/d < δ2(1− δL−1)/(1− δL+1). (2.13)
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If this inequality holds, then the Homo oeconomicus has the binding
restriction on the minimal discount factor required for the mutual
minmax strategy profile to be subgame perfect.

Given that α is sufficiently small, such that player 2 has no incen-
tive to deviate during the punishment phase, and that (2.13) holds,
player 2 requires less patience than player 1 not to deviate from the
mutual minmax strategy profile. The minimal discount factor required
is therefore determined by the condition for player 1.

Let δMM
H and δMM be the minimal discount factors required for

the mutual minmax strategy profile to be subgame perfect in the case
of play between one Homo oeconomicus and one emotional player, and
in the benchmark case resepectively.

Proposition 12. Suppose that both players use the mutual minmax
strategy with a punishment length L > 1. If αb < (1 + α)d, and
(2.13) does not hold, then δMM

H > δMM .

Next consider the case of two emotional players. Both the posi-
tive and the negative concern for the other player’s material payoff has
conflicting effects on cooperation. The friendly state of mind makes
it more costly to deviate from cooperation, but also more costly to
punish the other player for deviating. The hostile state of mind can
obstruct cooperation by making it more difficult to return to cooper-
ation after a punishment phase, but can at the same time facilitate
cooperation by making threats of punishment more credible. When
L = 1, the mutual minmax strategy profile is subgame perfect iff (2.7),
(2.10), and (2.11) hold. When L > 1, it is subgame perfect iff (2.9),
(2.10), and (2.12) hold.

Only if α is sufficiently small, such that the players have no in-
centive to deviate during the punishment phase, and the players are

74

sufficiently patient, such that (2.13) holds, can two emotional players
sustain cooperation easier than in the benchmark case when using the
mutual minmax strategy.

Let δMM be defined as before and let δMM
E be the minimal discount

factor required for the mutual minmax strategy profile to be subgame
perfect in the game between two emotional players.

Proposition 13. Suppose that both players use the mutual minmax
strategy with a punishment length L > 1. If αb < (1 + α)d, and
(2.13) hold, then δMM

E < δMM , and δMM
E is decreasing in γ. If (2.13)

does not hold, then δMM
E > δMM .

To summarize, two emotional players who use the mutual min-
max strategy may find it either easier or more difficult to sustain
cooperation than two Homo oeconomicus. Both states of mind have
conflicting effects on cooperation.

2.4 Discussion

This paper has proposed a model of repeated interactions between
players who react emotionally to the history of play, and who can
become friendly if the other player cooperates, and hostile if the other
player defects. Focus is on players who transition between two or
three states of mind as a response to the last observed action of the
other player. A player in a friendly (hostile) state of mind values
the other player’s material payoff positively (negatively), and a player
in a neutral state of mind only cares for own material payoffs. The
traditionally studied Homo oeconomicus corresponds to a player who
never leaves the neutral state of mind.

Cooperation in the infinitely repeated prisoners’ game is facili-
tated by the possibility that a player’s concern for the other player’s
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material payoff changes, given that the players use the Grim Trigger
strategy profile. A player in the friendly state of mind finds it less
profitable to deviate from cooperation. If the other player deviates,
the player transitions to a hostile state of mind in which it is less prof-
itable to deviate from punishing the player. The finding that emotions
can help sustain cooperation is in line with the reasoning by Frank
Frank (1988) who proposes that emotions have evolved to help sustain
cooperation and that cooperative individuals experience strong emo-
tions. However, if the players use the mutual minmax strategy profile
then emotions can obstruct cooperation. A player who is in the hostile
state of mind after a punishment phase finds it less profitable to return
to cooperation. These results highlight the importance for emotional
players to be able to commit to a Grim Trigger strategy profile.

An assumption of the proposed model is that the players discount
their material and psychological payoffs identically. In reality, the
discount factors are likely to differ. Suppose for example that the
discount factor is higher for the psychological payoff than for the ma-
terial payoff. This would imply that the psychological payoff receives
a higher weight in the repeated game, further decreasing the patience
required to sustain cooperation for players using the Grim Trigger
strategy profile.

Another assumption of the model is that the players only care
about, or remember, the last observed action of the other player.
This is admittedly a simplification. Several other factors affect an
individual’s state of mind. Consider for example the case with a single
player who is affected by his or her own actions. The player could then
potentially choose actions such that he or she transitions to the state
of mind with the most beneficial preferences. The player could then
choose his or her preferences Bernheim (2019). To which degree this
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is a real phenomenon is an empirical question.
The assumption of a one-period memory can be relaxed. The

effect of a longer memory depends on how the players reason about,
and justify, their own actions. If the players remember the last two
periods, they may not only react to the last two observed actions of
the other player, but also take into account how their own action in
the second to last period affected the other player’s choice of action
in the last period. To what extent individuals take responsibility for
how their own actions affect the outcome is an empirical question,
but the growing literature on motivated beliefs in both economics
and psychology suggests that individuals have a remarkable ability to
justify their own behavior Steele (1988); Kunda (1990); Epley (2016);
Gino (2016). An interesting avenue for further research is to study
the difference in cooperative outcomes between individuals who justify
their behavior, and individuals who acknowledgs the consequences of
their behavior.

A limitation of the model is that the players receive their payoffs,
both material and psychological, before transitioning to another state.
In real life, the state transitioning is likely to occur before the evalu-
ation of the psychological payoff. For example, take the player in the
friendly state of mind who observes the other player choosing D. This
player receives a payoff of αb before transitioning to the hostile state
of mind. If the transition had occurred first, the payoff had been −γb,
a notable difference. This assumption does not substantially affect
the analysis of the infinitely repeated game. However, the analysis of
the finitely repeated game between one Homo oeconomicus and one
emotional player is more sensitive since it relies on the equilibrium
(D,C) to be played in the last period.

The strategic consequences of a player’s state of mind depend
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on the structure of the game. In the infinitely repeated prisoner’s
dilemma game, the players need only concern themselves with their
own state of mind. The emotional player can neither hurt nor reward
the other player more than a Homo oeconomicus would. In other
games, for example a game where two players cooperate to produce
a public good by supplying complementary inputs, emotional players
can both hurt and reward the other player. In such games the players
also need to consider the other player’s state of mind.

The model proposed in this paper share similarities with the liter-
ature that models bounded rationality using finite automata. A finite
automaton consists of a finite set of states, a transition function, and
an output function. The output function determines the one-shot
game strategy to be played in that state Aumann (1981); Rubinstein
(1986). An emotional player does not have determined one-shot game
strategies for each state of mind, but a state dependent utility function
which puts restrictions on the strategies for the repeated game.

Traditionally in game theory, and in this paper as well, utility
depends solely on actions. Utility can also depend directly on the
players’ beliefs, and it is common for emotions to depend on the indi-
vidual’s beliefs or expectations Elster (1998). Emotions modeled us-
ing Psychological game theory Geanakoplos (1989); Battigalli (2009)
can depend on the players’ expectations and beliefs about intentions
Charness (2006); Battigalli (2007, 2019).

A related concern is that of social norms. When games are played
in a historical and cultural context the players know how similar games
have been played in the past, and as a consequence social norms spec-
ifying which actions the players are expected to consider usually de-
velops Myerson (2015). If the social norm is for everyone to defect
in the prisoners’ dilemma game, the emotional reaction is most likely
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not the same as if the social norm is for everyone to cooperate. The
social norm affects the players’ expectations which in turn affect the
players’ transition probabilities. This is left as an avenue for future
work.
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2.5 Appendix

Consider the case of two emotional players with stochastic transition
state transitions. The transition probabilities are presented in Figure
2.3, where P |C denotes the probability, conditional on observing ac-
tion C, of transitioning from the current state to the neutral or friendly
state, and P |D denotes the probability, conditional on observing ac-
tion D, of transitioning from the current to the hostile state. The
corresponding stochastic game has nine states, S = M2, all reachable
from the initial state.

F N H
P |C = p

P |D = q

P |C = r

P |D = z

P |C = v
P |D = w

Figure 2.3: State transitions. The emotional players can transition between
three states of mind and the transitions depend stochastically on the ob-
served actions of the other player.

Consider for example the specific case where the players have p =

q = w = 1 and v < 1. In this case the players remain longer in the
hostile state of mind before transitioning to the neutral state of mind
after observing C. This allows for more or less resentful players, where
a player is less resentful the larger v is.

Let the punishment phase be of length L > 1. If no player so
far has deviated, the players can either deviate in the first period,
s = NN , or any subsequent period, s = FF . The players find it most
profitable to deviate in the neutral state due to the lower utility from
cooperation.

If L > 1, and s = NN , then the players have no profitable one-shot
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deviation from cooperation iff

b− c ≤ (1 + α)(c− d)δ + ((1 + α)c− (1− γ)d)(δ2 + δ3 + ...+ δL)

+ (δL+1(α+ γ)c)/(1− (1− v)δ) + δL+1+1/vαc.

(2.14)

When v = 1, (2.14) is identical to (2.9). A decrease in v increases
the players’ cost of deviating by increasing the number of periods they
spend in the hostile state of mind.

After a deviation, the players are supposed to choose their mutual
minmax action for L consecutive periods. However, if they care suf-
ficiently for the other player, they may have an incentive to deviate
from punishment.

αb− (1 + α)d ≤ δL+1(1− γ)(c− d) + (δL+1(α+ γ)c)/(1− (1− v)δ)

+ δL+1+1/vαc.

(2.15)

When v = 1, (2.15) is identical to (2.10), and an increase in v

increases the cost of deviating from punishment by increasing the
time spent in the hostile state of mind.

After a punishment phase the players should return to cooperation,
but once they are in the hostile state of mind they might be less
inclined to do so.

If L > 1, and s = HH, then the players have no profitable one-shot
deviation from cooperation iff
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b− (1− γ)c ≤ [(1− (1− v)γ)(c− d)] · δ

+ [((1 + α)− v(1− v)α− (1− v)2(α+ γ))c− (1− γ)d] · δ2

+ [((1 + α)− v(1− v)2α− (1− v)3(α+ γ))c− (1− γ)d] · δ3

+ ...

+ [((1 + α)− v(1− v)L−1α− (1− v)L(α+ γ))c− (1− γ)d] · δL

+ ((1− (1− v)L+1)(α+ γ)c · δL+1)/(1− (1− v)δ)

+ ((δ − (1− v)L)vα · δL+1/(1− (1− v)δ).

(2.16)

When v = 1, (2.16) is identical to (2.12). The cost of the punish-
ment phase is lower in the hostile state of mind than in the neutral.
A decrease in v decreases the cost of punishment and makes it more
profitable for the players to deviate. The players also face the cost
of remaining in the hostile state of mind even after cooperation is re-
sumed. The probability is decreasing in v and makes it less profitable
for the players to deviate. The first effect dominates, and a decrease
in v increases the players’ cost of deviating also in the hostile state of
mind.

Let δMM
EES be the minimal discount factor required for the mutual

minmax strategy profile to be subgame perfect between the two emo-
tional players with stochastic state transitions.

Proposition 14. Suppose that both players use the mutual minmax
strategy with a punishment length L. If αb < (1 + α)d holds, then
δMM
EES is decreasing in v.

In other words, more resentful players require more patience to
sustain cooperation in the prisoners’ dilemma game when they use
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the mutual minmax strategy due to their difficulty of returning to
cooperation after a punishment phase.
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Chapter 3

Information Sharing
between Buyers

Abstract: This paper studies the effect of buyer information sharing on

market outcomes when the buyers are emotionally motivated to share infor-

mation about the quality of an experience good. The game has one seller

and two buyers. The seller has two units of a product to sell and privately

knows the product’s quality. The seller has an incentive to “overcharge”

the buyers by choosing a price above the buyers’ valuation of the quality.

The buyers learn the quality after purchase and decide whether to share

their knowledge with any subsequent buyer. It is costly for the buyers to

share information, but that they may be emotionally motivated to do so.

In a benchmark case without information sharing, the buyers expect to be

overcharged and may therefore refrain from buying. Emotionally motivated

information sharing can be Pareto improving by reducing overcharging and

increasing the probability of trade.
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3.1 Introduction

The consequences of asymmetric information and quality uncertainty
has been studied among economists since Akerlof (1978). Online com-
merce is growing quickly, in 2021 retail e-commerce sales amounted
to approximately 4.9 trillion U.S. dollars (Chevalier, 2022) or 19.6%
of total retail (Coppola, 2022). Online purchases can be considered
experience goods since the quality is revealed only after the purchase.
Almost all consumers consult online reviews before making an online
purchase (Murphy, 2020), and online reviews have been found to aid
consumer decision making.1 However, less is known about the effect
of online reviews on consumer welfare.

The aim of this paper is to study the effect of consumer information
sharing on the seller’s profit and the buyers’ utility when information
sharing is costly and motivated by emotions. I study a game between
one seller and two buyers. The seller has two identical units of a
product for sale and privately knows their quality (high or low). The
seller chooses a price (high or low). The buyers, in a given sequence,
observe the price and decide whether to buy a unit. Conditional on
buying a unit, the buyers learn the quality and choose whether to, at
some cost, write an online review. The cost is interpreted as the time
and effort spent to write the review. Since the interaction between the
seller and a buyer is a one-shot interaction, a buyer who cares only
for own material payoffs has no incentive to write a review.2

People write reviews for many reasons. A common motivation is
the desire to have one’s voice heard or to share an experience (Cheng et

1See e.g. De Maeyer (2012); Mayzlin (2006); Kohli et al. (2004)
2This is neatly illustrated by Avery et al. (1999), who study the market for

product reviews as public goods. Avery et al. show that there is an under provision
of reviews when consumers have standard preferences.
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al., 2006; Hennig-Thurau, 2004; Ledesma , 2020).3 I model emotional
buyers who are in either a neutral or a hostile state of mind. An
emotional buyer is in the neutral state of mind when the game begins
and may transition to the hostile state of mind if he or she paid
above his or her valuation for a unit. The buyer’s utility function
is determined by his or her emotional state of mind. In the neutral
state of mind, the buyer cares only for own material payoff. In the
hostile state of mind, the buyer experiences an emotional disutility.
The buyer can relieve the emotional disutility –let off steam– and
transition back to the neutral state, by writing an online review.4

This paper contributes to the review generation literature. The
focus of the review generation literature has thus far mostly been
on the prevalence of fake reviews and review manipulation (see e.g.
Anderson & Simester, 2014; Dellarocas, 2000, 2006; He et al., 2021;
Mayzlin, 2006; Mayzlin et al., 2014). In this paper, I restrict attention
to consumer generated reviews. The most closely related paper is that
of Lafky (2014), who studies the conditions required for consumers
to write reviews. He proposes a model with two sellers and a set
of buyers. The sellers privately know their quality and the price is
normalized to zero. The buyers interact with the sellers in a given
order. The first buyer chooses which seller to buy from and learns the
quality after purchase. The first buyer then decides whether to, at
some cost, write a review. If the first buyer writes a review, then all
subsequent buyers observe it before their purchasing decision. Lafky
assumes that the first buyer has a regard for others, such that he or

3Evolutionary research emphasize the benefits to expressing negative emo-
tions (Cosmides & Tooby, 2000; Darwin, 1998), such as to help one feel better
(Pennbaker, 1997; Kennedy-Moore & Watson, 2001).

4There are many reasons people write reviews. Refer to Section 5 for a discus-
sion of alternative ways to model the buyers’ motivations.
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she is altruistic toward other buyers and reciprocal toward the sellers.
He finds that buyers write reviews only when the quality is sufficiently
high or low. The model proposed in this paper has similar predictions.
The buyers write reviews only when their emotional disutility exceeds
the review writing cost. However, the model proposed in this paper
can also explain the multitude, sometimes thousands, of reviews that
a model focused on reciprocity or altruism cannot.

This paper also contributes to the quality-signaling literature. The
firm, or seller, privately knows the quality of its product. Quality sig-
nals can be transmitted in many forms, including reputation (Shapiro,
1983), price (Bagwell & Riordan, 1991), advertising (Kihlstrom &
Riordan, 1984; Milgrom & Roberts, 1986; Bagwell & Ramey, 1988),
brand names (Wernerfelt, 1988), and guarantees and warranties (Moor-
thy & Srinivasan, 1995; Balachander, 2001). More recently, Jiang &
Yang (2019) examined price as a signal of quality when consumers
can share information. They study a monopolist firm that faces new
consumers in two distinct selling periods. The firm invests in quality
and chooses a price. The first-period consumers observe the price and
decide whether to buy. If they buy the product, they then learn the
true quality and reveal it to later consumers for example by writing
an online review. However, the first-period consumers can reveal the
quality without cost. Jiang and Yang focus on how firm efficiency
–that is, how costly it is for the firm to invest in quality– affects con-
sumer surplus when consumers share information.

This paper is also related to the literature on reputations in re-
peated games of incomplete information (see e.g. Mailath & Samuel-
son, 2001; Fudenberg & Levine, 2009). In these games, the firm’s
quality is unobserved by the consumer in any period, but the firm’s
actions can build its reputation and affect the consumer’s future ex-
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pectations of actions via beliefs about qualities. The consumer can
be modeled as a sequence of consumers who each exists only in one
period. These short-run consumers can learn about a firm’s quality
from the action profiles of past transactions (Celetani et al., 1996; Fu-
denberg et al., 1990; Kreps & Wilson, 1982a; Milgrom and Roberts,
1982). A standard assumption is that the short-run players have ac-
cess to the entire history of past action profiles. More recent research
relax this assumption and let earlier actions be costly to observe (Liu,
2011), only let the last few periods of play be observed (Liu & Skrzy-
pacz, 2014), or let the information observed by the short-run players
be determined by a mechanism (Ekmekci, 2011). By contrast, in the
model in this paper, the seller chooses price once and for all and the
buyers’ information sharing may fully reveal the product’s quality in
the second period.

Finally, this paper also adds to the growing literature on the
role of emotions in strategic interactions. Emotions are commonly
modeled using psychological game theory (Battigalli & Dufwenberg,
2009; Battigalli, Corrao & Dufwenberg, 2019).5 Two emotions re-
lated to the model proposed in this paper are reciprocity (Dufwenberg
& Kirchsteiger, 2004) and anger (Battigalli, Dufwenberg & Smith,
2019). Dufwenberg & Kirchsteiger (2004) model players who have a
belief-dependent utility function that assigns a weight to other play-
ers’ material payoffs. The sign of the weight depends on the player’s
beliefs over the other player’s chosen actions. The sign is positive if
the player believes that the other player was kind, and negative if the
player believes that the other player was unkind. Similarly, Battigalli,
Dufwenberg & Smith (2019) model a belief-dependent utility function

5See Battigalli & Dufwenberg (forthcoming) for an overview of psychological
game theory and its applications.
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that assigns a weight to others’s material payoff. In the absence of
frustration, the weight on others’s material payoff is zero. However,
as a player’s expected material payoff decreases, his or her frustration
increases and with it the player’s negative concern for others’ material
payoffs.

This paper proceeds as follows. The model is presented in Sec-
tion 2. The equilibrium analysis is presented in Section 3. Section 4
discusses market outcomes and welfare effects. Section 5 summarizes
and discusses the results.

3.2 Model

This paper studies an extensive-form game between one seller and
two buyers. The seller is player 0 and the buyers are players 1 and 2.
The seller receives two units of a product when the game begins. The
units are of identical quality, q ∈ Q = {qL, qH}, such that qL < qH .
The quality is randomly drawn from a probability distribution. Let λ
denote the probability of qH . The seller observes quality and chooses
a price p ∈ P = {pL, pH}, where pL < pH .6 The seller chooses the
price once and for all; the price is the same for both buyers.

The buyers, in a given order known to the seller and the buyers,
choose whether to buy a unit of the product. First, buyer 1 (she)
observes the price and decides whether to buy a unit. She learns the
quality if she buys, and then decides whether to write a review stating
the quality of the product at cost c. The cost is interpreted as the time
and effort required to write the review. Reviews are required to be
truthful. Next, buyer 2 (he) observes the price and a review if buyer

6For ease of analysis I assume that the prices are exogenously given. For a brief
discussion of continuous prices see Section 5.
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1 wrote one, then decides whether to buy a unit. Let the buyers’
purchasing decision be denoted by bi ∈ {0, 1}, such that bi = 1 if
buyer i buys a unit, and bi = 0 if buyer i does not buy. Conditional
on buying, buyer 2 learns the quality and decides whether to write
a review at cost c. Let the buyers’ review decision be denoted by
ri ∈ {0, 1}, such that ri = 0 if buyer i does not write a review, and
ri = 1 if he or she does.

The interaction between the seller and buyer 1 is illustrated in
Figure (3.1). Buyer 1 has two information sets when deciding whether
to buy, and four information sets when deciding whether to write a
review. Buyer 2’s decisions follow after the hollow nodes and are not
included in the figure. Buyer 2 has four information sets when deciding
whether to buy, one for each combination of price and review. Note
that buyer 2 does not know whether buyer 1 purchased a unit. If buyer
2 does not observe a review, then buyer 1 either did not purchase a
unit or she purchased one but did not write a review.

A unit’s value to the seller and the buyers depends on its quality.
The value to the seller is w ∈ {wL, wH}, where the value of a low-
quality unit is wL, and the value of a high-quality unit is wH , such
that wL < wH . The value to the buyers is v ∈ {vL, vH}, such that
vL < vH . I assume there are gains from trade for both high- and
low-quality units, vH > wH and vL > wL. Specifically,

vH > pH > vL > pL (3.1)

and
pH > wH > pL > wL. (3.2)

In other words, a buyer is willing to buy a unit of the high-quality
product at both the low and the high prices, but a unit of the low-
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6For ease of analysis I assume that the prices are exogenously given. For a brief
discussion of continuous prices see Section 5.
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Figure 3.1: The interaction between the seller and buyer 1. Buyer 2’s deci-
sions follow after the hollow nodes.

quality product only at the low price. Likewise, the seller is willing
to sell a unit of the low-quality product at both the low and the high
prices, but a unit of the high-quality product only at the high price.

3.2.1 Strategies

A strategy for the seller is a function σ0 : Q → P , which prescribes
a price p for each quality q. The buyers’ strategies, σ1 and σ2, are
pairs of choices σi = (σi1, σi2), where σi1 : P → {0, 1} prescribes a
purchasing decision bi for each price p. The buyers’ second choice, σi2
prescribes a review decision ri for each price p and quality q in case
buyer i has made a purchase.

Let σ = (σ0, σ1, σ2) denote a strategy profile.
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3.2.2 Payoff Functions

The seller chooses price to maximize profit

π(σ) = (b1 + b2)(p− w), (3.3)

for each valuation w, where p = σ0(q), b1 = σ11(p), b2 = σ2(p, r1),
and r1 = σ12(p, q).

The seller’s profit from the interaction with each buyer i is the price
p net of the seller’s valuation w if buyer i buys, and zero otherwise.

The buyers’ motivation are richer. The buyers’ review motivation
is modeled as their desire to alleviate their emotions by expressing
them and letting the seller know how they feel.7 This paper follows
the framework of Andersson (2020) to model buyers who can be in
any one of a finite set of emotional states of mind.

The buyers are emotional and can be in either a neutral (m = N)
or a hostile (m = A) state of mind. The buyers are in the neutral
state of mind when the game begins. A buyer cannot control his
or her transitions from the neutral to the hostile state of mind, but
transitions with probability ϕ ∈ (0, 1) if he or she buys a unit and it
turns out that his or her valuation is lower than the price paid for the
unit, v < p.8 Once in the hostile state of mind, the buyer can control
his or her transition back to the neutral state of mind. The buyer
transitions back if he or she writes a review to “blow off steam”, at

7While it is common to model emotions using psychological game theory, for the
analysis in this paper it is sufficient with a simpler model of the buyers’ emotions.
In the model proposed in this paper, the buyers are concerned only with the
outcome, and not with their own initial expectations or beliefs about the seller’s
intentions.

8A buyer’s stochastic transition can be interpreted as his or her state of mind
being influenced by a variety of factors. He or she might be having a good or a bad
day, which affects his or her emotional reaction to receiving a low-quality product.
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cost c.9

In the hostile state of mind, the buyers’ experience an emotional
disutility, γ(A)(p−v) > 0, proportional to their loss from the trade.10

The parameter γ(A) > 0 is a sensitivity parameter describing a buyers’
individual sensitivity to negative emotions. For simplicity I assume
that the buyers are equally sensitive to negative emotions. In the
neutral state of mind, the emotional disutility is zero, γ(N) = 0.11

The buyers strive to maximize their expected utility. If the price
is p and their valuation of a purchased unit is v, then their (realized)
utility depends on their state of mind and on the strategy profile as
follows:

Ui(σ) = bi[v − p+ γ(m)(p− v)− ric] (3.4)

The buyers’ utilities are thus additively separable and consists of one
material and one emotional part.

The buyers have two choices to make. Their decision-making pro-
cesses and corresponding states of mind are illustrated in Figure (3.2).
Each buyer is in the neutral state of mind when they make the first
choice at time t. He or she observes a price p, and decides whether to
buy a unit of the product. Conditional on buying, the buyer learns
the quality and receives a material payoff from the purchase equal to
his or her valuation of the unit, v, net of the price paid, p. When the
buyer learns the quality he or she either transitions to the hostile state
of mind or remains in the neutral state, depending on the quality, q,
the price, p, and the transition probability, ϕ. Figure (3.2) illustrates
the case in which he or she transitions to the hostile state. In the hos-

9For simplicity, I assume the cost is deterministic. In real life, it is likely that
the cost is a random variable.

10With exogenously given low and high prices, γ(A)(p− v) is a constant.
11While both γ and ϕ describes the buyers’ emotionality, ϕ can be interpreted

as how prone buyer 1 is to hostility, and γ(A) as the intensity of her emotions.
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tile state, the buyer experiences an emotional disutility stream with
present value γ(A)(pH − vL) should he or she not transition back to
the neutral state, as illustrated by the lightly shaded area.

Assume that the buyer makes the second choice at time t + ∆.
The buyer is either in the neutral or in the hostile state and decides
whether to write a review. Writing a review is costly, but if the buyer
writes a review in the hostile state, then he or she transitions back
to the neutral state of mind and does not experience the emotional
disutility, γ(N) = 0. The buyer’s time spent in the hostile state
of mind before writing a review equals ∆. For simplicity, I assume
that ∆ is sufficiently small such that his or her experienced disutility
can be approximated to zero. Finally, each buyer’s utility from not
purchasing a unit is normalized to zero.

N

A

Purchase
t

Review
t + ∆

No review sent

∆
Review sent

Time

State of mind

Figure 3.2: A buyer’s states of mind during the decision-making process.
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3.3 Analysis

The game is a finite extensive-form game with perfect recall. Since
the Nash equilibrium concept in such games allows players to take
suboptimal actions at information sets not reached on the equilibrium
path, the sequential equilibrium concept (Kreps and Wilson, 1982b)
is used to derive predictions.

In a sequential equilibrium, the players hold conditional beliefs
over which node in an information set they are at for all information
sets of the game, on and off the equilibrium path. A belief system µ

in a finite-extensive form game is a function that assigns a number
in [0, 1] to each nonterminal node in the game tree, such that these
numbers add up to one within each information set. A behavior-
strategy profile σ is sequentially rational under a belief system µ if it
prescribes a best reply for each player at each information set given µ.
A belief system µ is consistent with a behavior-strategy profile if µ is
derived using Baye’s rule on the path, and if µ can be approximated
arbitrarily well using Baye’s rule applied to a perturbed behavior-
strategy profile in which a player deviates with probability ε → 0

such that the information set is reached with positive probability. A
sequential equilibrium is a behavior-strategy profile that prescribes a
best reply against itself at all information sets of the game, not just
those on its path, under some belief system that is consistent with
the behavior-strategy profile. With some abuse of notation, let σ0

denote the seller’s behavior strategy, and let σ1 and σ2, which are two
pairs of local strategies σi1 and σi2, denote buyer 1 and 2’s behavior
strategies.

The seller and the buyers have different amounts of information
regarding the quality of the product. This asymmetric information
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leads the buyers to make inferences about the quality from the seller’s
choice of price, and this inference formation affects the seller’s choice
of price. In this paper, the seller can signal the product’s quality
through price while taking into account the risk of a negative review.
Signaling games usually have three kinds of sequential equilibria (Fu-
denberg & Tirole, 1991) which are distinguished by the seller’s strat-
egy. A pooling equilibrium is one in which the seller chooses the same
price for each quality. A separating equilibrium is one in which the
seller chooses different prices for different qualities. Finally, a semi-
separating equilibrium is one in which the seller chooses the high price
for high-quality products and randomizes between the high and the
low price for low-quality products.

I compare sequential equilibrium outcomes in the game in which
the buyers are emotionally motivated to write reviews with a bench-
mark case in which the buyers cannot write reviews or where the cost
of writing a review is high enough such that no reviews are written.

3.3.1 Benchmark Case: Without reviews

First, consider the benchmark case in which the buyers cannot write
reviews. Because the buyers cannnot exchange information, the game
can be reduced to two one-shot interactions between the seller and
each buyer.

In the benchmark case, either a pooling or a semi-separating equi-
librium exists, depending on the probability of high quality, λ.

Pooling equilibrium

A pooling equilibrium exists when the probability of high quality is
sufficiently high such that the buyers’ expected utility from buying at
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the high price is greater than the utility from not buying at the high
price, λ(vH −pH)+(1−λ)(vL−γ(A)(pH −vL)ϕ−pH) ≥ 0. Note that
the probability of high quality must be high enough to compensate the
buyer for the possibility that the buyer transitions to the hostile state
of mind.12 Let λS denote the threshold probability in the benchmark
case,

λB ≥ pH − vL + γ(A)(pH − vL)ϕ

vH − vL + γ(A)(pH − vL)ϕ
. (3.5)

Let σ∗ be the strategy profile in which the seller chooses the high
price for each quality and each buyer i buys at each price.

Proposition 15. If λ ≥ λB, then σ∗ is a sequential equilibrium.

The proof can be found in the Appendix.
In the pooling equilibrium, the seller’s expected profit is

π(σ∗) = 2(λ(pH − wH) + (1− λ)(pH − wL)), (3.6)

and each buyer’s expected utility is

Ui(σ
∗) = λ(vH − pH) + (1− λ)(vL − γ(A)(pH − vL)ϕ− pH). (3.7)

In the pooling equilibrium, the seller maximizes profit by choosing the
high price for both high- and low-quality products, and each buyer
buys a unit of the product for an expected weakly positive utility.

Semi-separating equilibrium

A semi-separating equilibrium exists when the probability of high
quality is lower. In the semi-separating equilibrium, the seller is indif-

12For simplicity, I assume that without reviews, the buyers have no other ways
to blow off steam and that their emotional disutility should they transition to the
hostile state of mind equals γ(A)(pH − vL).
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ferent between the high and the low prices for the low-quality prod-
uct, and the buyers are indifferent between buying and not at the
high price. The semi-separating equilibrium is inefficient because the
buyers do not always buy.

Let σ̂ be the strategy profile in which the seller chooses the high
price with probability 1 for high quality, and for low quality with
probability

σ0(qL) =
λ(vH − pH)

(1− λ)(pH + γ(A)(pH − vL)ϕ− vL)
. (3.8)

Each buyer buys at the low price with probability 1, and at the high
price with probability

σi(pH , ·) =
pL − wL

pH − wL
. (3.9)

Proposition 16. If λ < λB, then σ̂ is a sequential equilibrium.

The proof can be found in the Appendix.
In the semi-separating equilibrium, the seller’s expected profit is

π(σ̂) = 2

(
λ
(pH − wH)(pL − wL)

pH − wL
+ (1− λ)(pL − wL)

)
(3.10)

and each buyer’s expected utility is

Ui(σ̂) =

[
(1− λ)− λ(vH − pH)

(pH + γ(A)(pH − vL)ϕ− vL)

]
·(vL−pL). (3.11)

In the semi-separating equilibrium, the seller is indifferent between
choosing the low and the high prices for the low-quality product. The
buyers’ expected utility from buying at the high price is zero. The
buyers’ expected utility comes from buying a low-priced low-quality
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product.

Separating equilibrium

A separating equilibrium does not exist in the benchmark case. Too
see this, assume it does. Then the seller would choose the high (low)
price for the high (low) quality. Buyer i would buy at the high price,
given consistent belief on the path µi(qH |pH , ·) = 1. Then the seller
would maximize profit by deviating to the high price for the low-
quality product, contradicting the assumption.

3.3.2 Main Case: With reviews

Now consider the main case of a game in which reviews can be writ-
ten. If buyer 1 writes a review, then buyer 2 observes it prior to his
purchasing decision. In addition, assume

γ(A)(pH − vL) > c, (3.12)

as otherwise writing a review is strictly dominated for the buyers.
The game may have a pooling, semi-separating, or separating equi-

librium. The kind of equilibrium depends on the probability of high
quality, λ, and on the buyers’ transition probability, ϕ.

Pooling equilibrium

For a pooling equilibrium to exist in the game with reviews, the prob-
ability of high quality must be sufficiently high. However, the proba-
bility can be lower than in the benchmark case. Without reviews, the
probability of high quality must offset the buyers’ emotional disutility
in case of a high-priced low-quality product. When the buyers can
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relieve their emotional disutility by writing a review, the probability
of high quality has to offset the cost of writing a review.

Let λR denote the threshold probability for the main case,

λR ≥ pH − vL + cϕ

vH − vL + cϕ
. (3.13)

In addition, the seller must prefer to sell (2− ϕ) low-quality units at
the high price rather than two low-quality units at the low price,

(2− ϕ)(pH − wL) ≥ 2(pL − wL). (3.14)

Buyer 1 transitions to the hostile state and writes a review with prob-
ability ϕ after buying a high-priced low-quality product, and buyer 2
conditions his purchase at the high price on the absence of a review.

Let σ∗
R denote the strategy profile in which the seller chooses the

high price for each quality, buyer 1 buys at each price and writes a
review if she transitions to the hostile state of mind, and buyer 2
buys at the low price regardless of whether a review exists and at the
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product.

Separating equilibrium

A separating equilibrium does not exist in the benchmark case. Too
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Now consider the main case of a game in which reviews can be writ-
ten. If buyer 1 writes a review, then buyer 2 observes it prior to his
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as otherwise writing a review is strictly dominated for the buyers.
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pose the seller is at history (qL). Then, by assumption,

π(σ∗
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Suppose the seller is at history (qH). Then,

π(σ∗
R) = 2(pH − wH) > 2(pL − wH).

Next, consider buyer 1. Suppose buyer 1 is at history (pH). Then,

U1(σ
∗
R) = µ1(qH |pH)vH + (1− µ1(qH |pH))(vL − cϕ)− pH ≥ 0,

given belief
µ1(qH |pH) ≥ pH − vL + cϕ

vH − vL + cϕ
.

Suppose buyer 1 is at history (pL). Then,

U1(σ
∗
R) = µ1(qH |pL)vH + (1− µ1(qH |pL))vL − pL > 0

for any belief µ1(qH |pL). Suppose buyer 1 is at history (pH , qL) and
in the hostile state. Then,

U1(σ
∗
R) = vL − pH − c ≥ vL − pH − γ(A)(pH − vL).

Suppose buyer 1 is at history(p, q) and in the neutral state. Then,

U1(σ
∗
R) = v − p > v − p− c,

for any v ∈ {vL, vH} and p ∈ {pL, pH}.
Finally, consider buyer 2. Suppose buyer 2 is at history (pH , 0).

Then,

U2(σ
∗
R) = µ2(qH |pH , 0)vH + (1− µ2(qH |pH , 0))(vL − cϕ)− pH ≥ 0,
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given belief
µ2(qH |pH , 0) ≥ pH − vL + cϕ

vH − vL + cϕ
.

Suppose buyer 2 is at history (pH , 1). Then,

U2(σ
∗
E) = 0 > µ2(qH |pH , 1)vH + (1− µ2(qH |pH , 1))vL − pH

given belief
µ2(qH |pH , 1) <

pH − vL + cϕ

vH − vL + cϕ
.

. Suppose buyer 2 is at history (pL, ·). Then,

U2(σ
∗
E) = µ2(qH |pL, ·)vH + (1− µ2(qH |pL, ·))vL − pL > 0,

for any belief µ2(qH |pL, ·). Suppose buyer 2 is at history (pH , qL) and
in the hostile state. Then

U2(σ
∗
R) = vL − pH − c ≥ vL − pH − γ(A)(pH − vL).

Suppose buyer 2 is at history(p, q) and in the neutral state. Then,

U2(σ
∗
R) = v − p > v − p− c,

for any v ∈ {vL, vH} and p ∈ {pL, pH}.
Now consider consistency of the belief system. Buyer 1’s on-the-

path belief, µ1(qH |pH) = λ, is consistent, and her strategy is sequen-
tially rational for any off-the-path belief µ1(qH |pL).

Buyer 2’s on-the-path beliefs,

µ2(qH |pH , 0) =
λ

λ+ (1− λ)ϕ
> λ >

pH − vL + cϕ

vH − vL + cϕ
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Suppose the seller is at history (qH). Then,

π(σ∗
R) = 2(pH − wH) > 2(pL − wH).

Next, consider buyer 1. Suppose buyer 1 is at history (pH). Then,

U1(σ
∗
R) = µ1(qH |pH)vH + (1− µ1(qH |pH))(vL − cϕ)− pH ≥ 0,

given belief
µ1(qH |pH) ≥ pH − vL + cϕ

vH − vL + cϕ
.

Suppose buyer 1 is at history (pL). Then,

U1(σ
∗
R) = µ1(qH |pL)vH + (1− µ1(qH |pL))vL − pL > 0

for any belief µ1(qH |pL). Suppose buyer 1 is at history (pH , qL) and
in the hostile state. Then,

U1(σ
∗
R) = vL − pH − c ≥ vL − pH − γ(A)(pH − vL).

Suppose buyer 1 is at history(p, q) and in the neutral state. Then,

U1(σ
∗
R) = v − p > v − p− c,

for any v ∈ {vL, vH} and p ∈ {pL, pH}.
Finally, consider buyer 2. Suppose buyer 2 is at history (pH , 0).

Then,

U2(σ
∗
R) = µ2(qH |pH , 0)vH + (1− µ2(qH |pH , 0))(vL − cϕ)− pH ≥ 0,

106

given belief
µ2(qH |pH , 0) ≥ pH − vL + cϕ

vH − vL + cϕ
.

Suppose buyer 2 is at history (pH , 1). Then,

U2(σ
∗
E) = 0 > µ2(qH |pH , 1)vH + (1− µ2(qH |pH , 1))vL − pH

given belief
µ2(qH |pH , 1) <

pH − vL + cϕ

vH − vL + cϕ
.

. Suppose buyer 2 is at history (pL, ·). Then,
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in the hostile state. Then

U2(σ
∗
R) = vL − pH − c ≥ vL − pH − γ(A)(pH − vL).
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∗
R) = v − p > v − p− c,
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Now consider consistency of the belief system. Buyer 1’s on-the-

path belief, µ1(qH |pH) = λ, is consistent, and her strategy is sequen-
tially rational for any off-the-path belief µ1(qH |pL).
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and
µ2(qH |pH , 1) =

0

1− λ
= 0,

are consistent. Moreover, buyer 2’s strategy is sequentially rational
for any off-the-path belief µ2(qH |pL, r).

It follows that the seller’s expected profit is

π(σ∗
E) = 2λ(pH − wH) + (2− ϕ)(1− λ)(pH − wL), (3.15)

that buyer 1’s expected utility is

U1(σ
∗
E) = λ(vH − pH) + (1− λ)(vL − pH − ϕc), (3.16)

and that buyer 2’s expected utility is

U2(σ
∗
E) = λ(vH − pH) + (1− ϕ)(1− λ)(vL − pH − ϕc). (3.17)

To summarize, in the pooling equilibrium, the seller chooses the high
price for both high- and low-quality products and either sells two high-
quality units or one low-quality unit to buyer 1 and, if buyer 1 does
not write a review, one to buyer 2. The seller’s expected profit is
decreasing in ϕ, the probability that buyer 1 transitions to the hostile
state if she pays the high price for a low-quality product.

Buyer 1 buys at each price and writes a review if she transitions
to the hostile state. Her expected utility is weakly positive and de-
creasing in the transition probability, ϕ.

Buyer 2 buys at the low price, and buys at the high price only in
the absence of a review. His expected utility is positive and increasing
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in ϕ.

Semi-separating equilibrium

A semi-separating equilibrium exists when the probability of high
quality is lower. In the semi-separating equilibrium, the seller is indif-
ferent between the high and the low prices for the low-quality product,
and the buyers are indifferent between buying and not at the high
price.

Let σ̂R denote the strategy profile in which the seller chooses the
high price with probability 1 for high quality, and for low quality with
probability

σ0 =
λ(vH − pH)

(1− λ)(pH + cϕ− vL)
. (3.18)

Buyer 1 buys at the low price with probability 1, and at the high with
probability

σ1 =
2pL − pH − wL)

(1− ϕ)(pH − wL)
, (3.19)

and writes a review if she transitions to the hostile state of mind.
Buyer 2 buys at the low price regardless of whether a review exists,
and at the high price only in the absence of a review.

Proposition 18. If γ(A)(pH − vL) ≥ c and λ < λE , then σ̂R is an
equilibrium.

Proof. Start with sequential rationality and consider the seller. Sup-
pose the seller is at history (qL). Then, by assumption,

π(σ̂R) =
2pL − pH − wL)

(1− ϕ)(pH − wL)
· (pH − wL) = 2(pL − wL)
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and
µ2(qH |pH , 1) =

0

1− λ
= 0,

are consistent. Moreover, buyer 2’s strategy is sequentially rational
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that buyer 1’s expected utility is

U1(σ
∗
E) = λ(vH − pH) + (1− λ)(vL − pH − ϕc), (3.16)
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∗
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price for both high- and low-quality products and either sells two high-
quality units or one low-quality unit to buyer 1 and, if buyer 1 does
not write a review, one to buyer 2. The seller’s expected profit is
decreasing in ϕ, the probability that buyer 1 transitions to the hostile
state if she pays the high price for a low-quality product.

Buyer 1 buys at each price and writes a review if she transitions
to the hostile state. Her expected utility is weakly positive and de-
creasing in the transition probability, ϕ.

Buyer 2 buys at the low price, and buys at the high price only in
the absence of a review. His expected utility is positive and increasing
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in ϕ.

Semi-separating equilibrium

A semi-separating equilibrium exists when the probability of high
quality is lower. In the semi-separating equilibrium, the seller is indif-
ferent between the high and the low prices for the low-quality product,
and the buyers are indifferent between buying and not at the high
price.

Let σ̂R denote the strategy profile in which the seller chooses the
high price with probability 1 for high quality, and for low quality with
probability

σ0 =
λ(vH − pH)

(1− λ)(pH + cϕ− vL)
. (3.18)

Buyer 1 buys at the low price with probability 1, and at the high with
probability

σ1 =
2pL − pH − wL)
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, (3.19)

and writes a review if she transitions to the hostile state of mind.
Buyer 2 buys at the low price regardless of whether a review exists,
and at the high price only in the absence of a review.

Proposition 18. If γ(A)(pH − vL) ≥ c and λ < λE , then σ̂R is an
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Proof. Start with sequential rationality and consider the seller. Sup-
pose the seller is at history (qL). Then, by assumption,

π(σ̂R) =
2pL − pH − wL)

(1− ϕ)(pH − wL)
· (pH − wL) = 2(pL − wL)
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Suppose the seller is at history (qH). Then,

π(σ̂R) =
2pL − pH − wL)

(1− ϕ)(pH − wL)
· (pH − wH) > 2(pL − wH).

Next, consider buyer 1. Suppose buyer 1 is at history (pH). Then,

U1(σ̂R) = µ1(qH |pH)vH + (1− µ1(qH |pH))(vL − cϕ)− pH ≥ 0,

given belief
µ1(qH |pH) ≥ pH − vL + cϕ

vH − vL + cϕ
.

Suppose buyer 1 is at history (pL). Then,

U1(σ̂R) = µ1(qH |pL)vH + (1− µ1(qH |pL))vL − pL > 0

for any belief µ1(qH |pL). Suppose buyer 1 is at history (pH , qL) and
in the hostile state. Then,

U1(σ̂R) = vL − pH − c ≥ vL − pH − γ(A)(pH − vL).

Suppose buyer 1 is at history (p, q) and in the neutral state. Then,

U1(σ̂R) = v − p > v − p− c,

for any v ∈ {vL, vH} and p ∈ {pL, pH}.
Finally, consider buyer 2. Suppose buyer 2 is at history (pH , 0).

Then,

U2(σ̂R) = µ2(qH |pH , 0)vH + (1− µ2(qH |pH , 0)(vL − cϕ)− pH ≥ 0
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given belief
µ2(qH |pH) ≥ pH − vL + cϕ

vH − vL + cϕ
.

Suppose buyer 2 is at history (pH , 1). Then,

U2(σ̂R) = 0 ≥ µ2(qH |pH , 1)vH + (1− µ2(qH |pH , 1))vL − pH ,

given belief
µ2(qH |pH) ≤ pH − vL + cϕ

vH − vL + cϕ
.

Suppose buyer 2 is at history (pL, ·). Then,

U2(σ̂R) = µ2(qH |pL, ·)vH + (1− µ2(qH |pL, ·))vL − pL > 0,

for any belief µ2(qH |pL, ·). Suppose buyer 2 is at history (pH , qL) and
in the hostile state. Then,

U2(σ̂R) = vL − pH − c ≥ vL − pH − γ(A)(pH − vL).

Suppose buyer 2 is at history (p, q) and in the neutral state. Then,

U2(σ̂R) = v − p > v − p− c,

for any v ∈ {vL, vH} and p ∈ {pL, pH}.
Now consider consistency of the belief system. Buyer 1’s on-the-

path belief,

µ1(qH |pH) =
λ

λ+ λ(vH−pH)
pH−vL+cϕ

=
vH − pL + cϕ

pH − vL + cϕ

is consistent, and her strategy is sequentially rational for any belief
µ1(qH |pL).
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is consistent, and her strategy is sequentially rational for any belief
µ1(qH |pL).

111



Buyer 2’s on-the-path beliefs,

µ2(qH |pH , 0) =
λ

λ+
[
λ(vH−pH)
pH−vL+cϕ

]
·
[
(1−ϕ)(pH−wL)−ϕ(2pL−pH−wL)

(1−ϕ)(pH−wL)

]

> λ >
pH − vL + cϕ

vH − vL + cϕ
,

µ2(qH |pH , 1) = 0,

and
µ2(qH |pL, 0) = 0,

are consistent. Moreover, buyer 2’s strategy is sequentially rational
for any belief µ2(qH |pL, 1).

It follows that the seller’s expected profit is

π(σ̂R) = 2

[
λ
2(pL − wL) + ϕ(pH − wL)

pH − wL
· (pH − wH)

+(1− λ)(pL − wL)] ,

(3.20)

that buyer 1’s expected utility is

U1(σ̂R) = (1− λ)(1− σ0)(vL − pL), (3.21)
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and that buyer 2’s expected utility is

U2(σ̂R) = λ(vH − pH)

+ (1− λ) [(1− σ0)(vL − pL)

+σ0
(1 + ϕ+ ϕ2)(pH − wL)− 2ϕ(pL − wL)

pH − wL
(vL − cϕ− pH)

]
.

(3.22)

To summarize, the seller chooses the high price for the high-quality
product and is indifferent between choosing the high and the low prices
for the low-quality product. The seller chooses the high price for the
low-quality product with probability σ0. The seller with high quality
sells one unit to buyer 1 with positive probability and sells one unit to
buyer 2 with certainty. Buyer 2 buys with certainty in the absence of
a review because he knows buyer 1 would have written a review had
she bought and learnt that the quality was low. The seller with low
quality sells one unit to buyer 1 with positive probability, and one to
buyer 2 if buyer 1 either did not buy or did not write a review.

Buyer 1 buys at the low price and is indifferent between buying and
not at the high. She buys at the high price with positive probability
and writes a review if she transitions to the hostile state. Her expected
utility coincides with her utility from buying a low-priced low-quality
product.

Buyer 2’s expected utility comes from buying a high-quality unit
at the high price, buying a low-quality unit at the low price, and
(negatively) from buying a low-quality unit at the high price.
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Buyer 2’s on-the-path beliefs,
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]
·
[
(1−ϕ)(pH−wL)−ϕ(2pL−pH−wL)

(1−ϕ)(pH−wL)

]

> λ >
pH − vL + cϕ

vH − vL + cϕ
,

µ2(qH |pH , 1) = 0,

and
µ2(qH |pL, 0) = 0,

are consistent. Moreover, buyer 2’s strategy is sequentially rational
for any belief µ2(qH |pL, 1).

It follows that the seller’s expected profit is

π(σ̂R) = 2

[
λ
2(pL − wL) + ϕ(pH − wL)

pH − wL
· (pH − wH)

+(1− λ)(pL − wL)] ,

(3.20)

that buyer 1’s expected utility is

U1(σ̂R) = (1− λ)(1− σ0)(vL − pL), (3.21)

112

and that buyer 2’s expected utility is

U2(σ̂R) = λ(vH − pH)

+ (1− λ) [(1− σ0)(vL − pL)

+σ0
(1 + ϕ+ ϕ2)(pH − wL)− 2ϕ(pL − wL)

pH − wL
(vL − cϕ− pH)

]
.

(3.22)

To summarize, the seller chooses the high price for the high-quality
product and is indifferent between choosing the high and the low prices
for the low-quality product. The seller chooses the high price for the
low-quality product with probability σ0. The seller with high quality
sells one unit to buyer 1 with positive probability and sells one unit to
buyer 2 with certainty. Buyer 2 buys with certainty in the absence of
a review because he knows buyer 1 would have written a review had
she bought and learnt that the quality was low. The seller with low
quality sells one unit to buyer 1 with positive probability, and one to
buyer 2 if buyer 1 either did not buy or did not write a review.

Buyer 1 buys at the low price and is indifferent between buying and
not at the high. She buys at the high price with positive probability
and writes a review if she transitions to the hostile state. Her expected
utility coincides with her utility from buying a low-priced low-quality
product.

Buyer 2’s expected utility comes from buying a high-quality unit
at the high price, buying a low-quality unit at the low price, and
(negatively) from buying a low-quality unit at the high price.

113



Separating equilibrium

A separating equilibrium exists when the seller prefers to sell two low-
quality units at the low price rather than selling one low-quality unit
at the high price to buyer 1, and one to buyer 2 only if buyer 1 does
not write a review. That is, when the condition in Equation (3.14)
does not hold.

Let σ̃R denote the strategy profile in which the seller chooses the
high (low) price for the high (low) quality. Buyer 1 buys at each price
and writes a review if she transitions to the hostile state. Buyer 2
buys at the low price regardless of whether a review exists and at the
high price only in the absence of a review, and writes a review if he
transitions to the hostile state.

Proposition 19. If γ(A)(pH − vL) ≥ c and 2(pL − wL) ≥ (2 −
ϕ)(pH − wL), then σ̃R is a sequential equilibrium.

Proof. Start with sequential rationality and consider the seller. Sup-
pose the seller is at history (qL). Then, by assumption,

π(σ̃R) = 2(pL − wL) ≥ (2− ϕ)(pH − wL).

Suppose the seller is at history (qH). Then,

π(σ̃R) = 2(pH − wH) > 2(pL − wH).

Next, consider buyer 1. Suppose buyer 1 is at history (pH). Then,

U1(σ̃R) = µ1(qH |pH)vH + (1− µ1(qH |pH))(vL − cϕ)− pH ≥ 0,

given belief
µ1(qH |pH) ≥ pH − vL + cϕ

vH − vL + cϕ
.
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Suppose buyer 1 is at history (pL). Then,

U1(σ̃R) = µ1(qH |pL)vH + (1− µ1(qH |pL))vL − pL > 0

for any belief µ1(qH |pL). Suppose buyer 1 is at history (pH , qL) and
in the hostile state. Then,

U1(σ̃R) = vL − pH − c ≥ vL − pH − γ(A)(pH − vL).

Suppose buyer 1 is at history (p, q) and in the neutral state. Then,

U1(σ̃R) = v − p > v − p− c.

for any v ∈ {vL, vH} and p ∈ {pL, pH}.
Finally, consider buyer 2. Suppose buyer 2 is at history (pH , 0).

Then,

U2(σ̃R) = µ2(qH |pH , 0)vH + (1− µ2(qH |pH , 0))(vL − cϕ)− pH ≥ 0,

given belief
µ2(qH |pH , 0) ≥ pH − vL + cϕ

vH − vL + cϕ
.

Suppose buyer 2 is at history (pH , 1). Then,

U2(σ̃R) = 0 ≥ µ2(qH |pH , 1)vH + (1− µ2(qH |pH , 1))(vL − cϕ)− pH
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vH − vL + cϕ
.
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Separating equilibrium
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for any belief µ2(qH |pL, ·). Suppose buyer 2 is at history (pH , qL) and
in the hostile state. Then,

U2(σ̃R) = vL − pH − c ≥ vL − pH − γ(A)(pH − vL).

Suppose buyer 2 is at history (p, q) and in the neutral state. Then,

U2(σ̃R) = v − p > v − p− c.

for any v ∈ {vL, vH} and p ∈ {pL, pH}.
Now consider consistency of the belief system. Buyer 1’s on the

path beliefs, µ2(qH |pH) = 1 and µ1(qH |pL) = 0 are consistent. Buyer
2’s on the path belief, µ2(qH |pH , 0) = 1 and µ2(qH |pL, 0) = 0 are
consistent. Suppose the seller trembles with probability ε at history
(qL) and chooses pH , then µ2(qH |pH , 1) = 0, is consistent. Finally,
buyer 2’s strategy is sequentially rational for any belief µ2(qH |pL, 1).

It follows that the seller’s expected profit is

π(σ̃R) = 2(λ(pH − wH) + (1− λ)(pL − wL)), (3.23)

and that each buyer’s expected utility is

Ui(σ̃R) = λ(vH − pH) + (1− λ)(vL − pL). (3.24)

To summarize, the seller sells two high-quality units at the high price,
or two low-quality units at the low price. The buyers buy at each
price for a positive expected utility. Moreover, the buyers do not
write reviews on the equilibrium path. Buyer 1’s threat of writing a
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review in the hostile state of mind is sufficient for the seller to choose
the low price for the low-quality product.

3.4 Welfare Analysis

In this welfare analysis I compare the seller’s profit and the buyers’
utilities in the main case with reviews with their profit and utilities
in the benchmark case without reviews.

A welfare analysis of emotionally motivated buyers is not a straight-
forward task. It is not self-evident whether, and how, an emotional
payoff should be included in a welfare function. One way, the neoclas-
sical or “welfarist” approach, is to fully respect all aspects of a con-
sumer’s preferences. According to the welfarist approach, the buyers’
material and emotional payoffs should both be included in the welfare
function.

When an individual’s preferences can be represented by an additive
utility function and one term can be interpreted as the “personal”
utility, and the other as a “moral” (or emotional) one, another way is
to define welfare as the sum of all personal utilities (Harsanyi, 1980).
Following Harsanyi’s approach, only the buyers’ material utilities from
purchasing the product and writing a review should be included in the
welfare function, and not their emotional disutility.

A well known problem with the welfarist approach is how it treats
a population with both selfish and altruistic individuals. According
to the welfarist approach, to maximize welfare the selfish individuals
should receive a larger share of a material, or personal, utility than the
altruistic individuals. However, the buyers in this paper do not get
pleasure from retaliation, but writes a review to relieve an emotional
pain from being disappointed with a unit.
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As the problem of selfish and altruistic individuals does not arise
here, I use the welfarist approach and fully respects all aspects of the
buyers’ preferences.

Thus total welfare is defined as the sum of the seller’s profit and
buyers’ utilities, given strategy profile σ:

W (σ) = π(σ) + U1(σ) + U2(σ). (3.25)

The standard case, with buyers without emotions and no reviews, has
a pooling equilibrium if the probability of high quality is sufficiently
high, and a semi-separating equilibrium otherwise. The pooling equi-
librium is efficient. The seller chooses the high price for both the low
and the high qualities, and each buyer buys at both the low and the
high prices. The semi-separating equilibrium is inefficient. The seller
randomizes between the low and the high prices for low quality, and
each buyer randomizes between buying and not at the high price.

In the case in which the buyers are emotional, but cannot write
reviews, the game still has either a pooling or a semi-separating equi-
librium depending on the probability of high quality. However, in the
pooling equilibrium with emotional buyers, the probability of high
quality must be sufficiently high to, in expectation, compensate the
buyers for the probability of emotional disutility. Likewise, in the
semi-separating equilibrium, the seller’s randomization between the
high and low prices for low quality must assign a higher probability to
the low price such that the buyers are compensated for the emotional
disutility.

When the buyers are emotional and can write reviews, a separating
equilibrium can also exist if the buyers’ threat of writing a review
is sufficient for the seller to choose the low price for the low-quality
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product. In addition, emotional buyers who can write reviews decrease
the probability of trade in the pooling equilibrium as buyer 1 warns
buyer 2 away from high-priced low-quality products but increase the
probability of trade in the semi-separating equilibrium as buyer 2
prefers to buy also at the high price in the absence of a review.

3.4.1 High probability of high quality

Consider the case in which the probability of high quality is sufficiently
high, such that a pooling equilibrium exists. A pooling equilibrium
exists in the game without reviews if λ ≥ λB, and in the game with
reviews if λ ≥ λR. Because the buyers can write a review if they
transition to the hostile state, λB > λR if γ(A)(pH − vL) > c.

In addition, the game with reviews has a separating equilibrium if
the seller prefers to sell two low-quality units at the low price, rather
than (2− ϕ) low-quality units at the high price.

Pooling equilibrium

First, compare the pooling equilibrium in the game without reviews
with the pooling equilibrium with reviews.

The probability of trade is higher without reviews. In the bench-
mark case, both buyers buy a high-priced unit. In the main case, buyer
2 buys at the high price only in the absence of a review. Similarly, the
seller’s expected profit is higher without reviews. Buyer 1’s expected
utility depend on γ(A)(pH−vL) and c. When γ(A)(pH−vL) > c, her
expected utility is higher when she can relieve her emotional disutility
by writing a review. Buyer 2’s expected utility is higher when buyer 1
can write a review, as he is warned away from high-priced low-quality
products.
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For ease of comparison, let γ(A)(pH − vL) = c, such that the
buyers are indifferent between the emotional disutility and writing
a review, and assume vH − ϕγ(A)(pH − vL) < wL. Let σ∗ denote
the pooling equilibrium in the benchmark case, and σ∗

R the pooling
equilibrium in the main case.

Proposition 20. If γ(A)(pH − vL) = c and vH −ϕγ(A)(pH − vL) <

wL, then W (σ∗
R) < W (σ∗).

To summarize, when γ(A)(pH − vL) = c, and the buyers’ total
utility from purchasing a high-priced low-quality unit is lower than
the seller’s valuation of the unit, total expected welfare is higher in
the pooling equilibrium in the game with reviews than in the game
without them. The seller’s expected profit is higher without reviews,
buyer 1’s expected utility is the same, and buyer 2’s expected utility
is lower in the game without reviews.

Separating equilibrium

Next, compare the pooling equilibrium in the game with reviews with
the separating equilibrium without reviews.

The seller’s expected profit is higher in the pooling equilibrium
in the game without reviews. In the pooling equilibrium, the seller
chooses the high price for each quality and sells both units. The
buyers’ expected utilities are higher in the separating equilibrium.
In the separating equilibrium, they buy the low-quality product at
the low price rather than at the high and does not experience any
emotional disutility.

Total welfare is higher in the separating equilibrium. While trade
occurs for each price in both equilibria, the buyers face a positive
probability of experiencing an emotional disutility in the pooling equi-
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librium but not in the separating.
Let σ∗ denote the pooling equilibrium in the benchmark case, and

σ̃R the separating equilibrium in the main case.

Proposition 21. W (σ̃R) > W (σ∗).

To summarize, total welfare is higher in the separating equilib-
rium, as the buyers do not experience any emotional disutility on the
equilibrium path. In addition, while all units are sold in both equi-
libria, the seller’s and buyers’ shares of the surplus from trade differ.
The seller receives a larger share in the pooling equilibrium and the
buyers in the separating one.

3.4.2 Low probability of high quality

When the probability of high quality is lower, a semi-separating equi-
librium exists. As in the previous case, the main case can also have a
separating equilibrium.

Semi-separating equilibrium

First, compare the semi-separating equilibrium in the main case to
the semi-separating equilibrium in the benchmark case.

The seller’s expected profit is higher when the buyers can write
reviews. In both equilibria, the seller is indifferent between the high
and the low prices for the low-quality product. The seller who chooses
the high price for the high-quality product sells more units when buyer
1 can write a review since then buyer 2 buys at the high price in the
absence of a review.

Buyer 1’s expected utility is weakly higher in the game without
reviews. In both equilibria, buyer 1 is indifferent between buying and
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not at the high price. Her expected utility comes from buying a low-
priced low-quality product. The probability that the seller chooses the
low price for the low-quality product is weakly higher when γ(A) ≥ c.

Buyer 2’s expected utility is higher when buyer 1 can write a review
since the probability that he buys a high-priced low-quality product
is smaller.

For ease of comparison, let γ(A)(pH − vL) = c. Let σ̂ denote the
semi-separating equilibrium in the game without reviews, and σ̂R the
semi-separating equilibrium with reviews.

Proposition 22. W (σ̂R) > W (σ̂).

To summarize, when γ(A)(pH − vL) = c, no player is worse off in
the semi-separating equilibrium in the main case compared with the
benchmark case. The seller’s expected profit is higher with reviews
because then the seller can expect to sell more units of the high-quality
product. Buyer 1 is indifferent between the two equilibria. Buyer 2
has a positive expected utility from buying at both the low and the
high prices.

Separating equilibrium

Next, compare the semi-separating equilibrium in the main case with
the separating equilibrium in the benchmark case.

The seller’s expected profit is higher in the separating equilibrium.
In the separating equilibrium, the seller sells two high- (low-) quality
units at the high (low) price. In the semi-separating equilibrium, the
seller is indifferent between the high and the low prices for the low-
quality product, and the seller with the high-quality product does not
sell two units with certainty.

Both buyers’ expected utilities are higher in the separating equi-
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librium. The buyers do not buy high-priced low-quality products, do
not experience any emotional disutility, and always buy a unit of the
high-quality product.

Let σ̂ denote the semi-separating equilibrium in the game without
reviews, and σ̃R the separating equilibrium with reviews.

Proposition 23. W (σ̃R) > W (σ̂).

To summarize, total welfare is higher in the separating equilibrium
than in the semi-separating equilibrium. Moreover, both the seller
and buyers are better off in the separating equilibrium than in the
semi-separating.

3.5 Discussion

This paper shows that when buyers are emotional, the introduction
of a review system is in general welfare improving and is a Pareto im-
provement when the probability of low-quality products is sufficiently
high. When the probability of high quality is higher, the introduc-
tion of a review system decreases welfare only if the buyers’ utility
from purchasing a high-priced low-quality product, including their
emotional disutility, is above the seller’s valuation of the low-quality
product.

The welfare maximizing equilibrium in the game with reviews is
the separating one. In the separating equilibrium all units are traded
and neither buyer experiences any emotional disutility. By compari-
son, in the pooling equilibrium without reviews, all units are traded
but each buyer transitions to the hostile state of mind with positive
probability.

An assumption of this paper is that the time the buyers spend in
the hostile state of mind before writing a review is sufficiently short,
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such that their emotional disutility before transitioning back to the
neutral state is negligible. If that were not the case, then their welfare
would be lower in the equilibria in which they transition to the hostile
state of mind with positive probability but, once there, write a review
to blow off steam.

Similarly, this paper assumes that in the absence of a review sys-
tem the buyers cannot blow off steam. In real life there are many ways
to blow off steam. A related one is to complain to one’s family and
friends. When comparing the situation with and without reviews, this
paper assumes that the cost of writing a review equals the emotional
disutility experienced in the absence of a review system.

One limitation of this paper is the exogenously given prices. More
realistically, the seller chooses a price from a continuum of prices.
The main insights hold. The introduction of a review system can
be Pareto improving if the probability of high quality is low and a
separating equilibrium exists. However, in the pooling equilibrium,
the seller may choose an intermediate price to overcharge just enough
such that the buyers do not become sufficiently upset to write a review.
This pooling equilibrium is efficient and has less overcharging than
a pooling equilibrium without a review system. In contrast, with
continuous prices, the condition under which a separating equilibrium
exists is stricter. Rather than choosing between selling two low-quality
units at the low price or (2−ϕ) at the high, the seller may instead pool
on a lower price such that the buyers’ do not become sufficiently upset.
Similar to the pooling equilibrium, in the semi-separating equilibrium
with continuous prices the seller may choose to overcharge just enough
to avoid reviews.

Related limitations are the exogenously given qualities and the
single seller. Many cases of experience goods, such as restaurants or
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hairdressers, are services and the seller, or firm, invests in the quality
of the service. In addition, there are often more than one seller or
firm to buy from. The study of multiple sellers who choose both the
price and the quality of the product are however left as an avenue for
future research.

In the model in this paper, the buyers are motivated to write a
review by the emotional disutility they experience in the hostile state
of mind. The higher the review cost, the stronger their degree of emo-
tionality needs to be for them to write a review. This paper proceeds
to examine the welfare effects of an introduction of the possibility of
writing reviews. By comparison, Lafky (2014) models buyers who have
a desire to punish or reward the seller based on what the buyer be-
lieves is a fair quality level, and who are altruistic toward subsequent
buyers. Lafky finds that, when review writing is costly, buyers write
reviews only for sufficiently high or low quality or when sufficiently
altruistic. The findings are verified in a laboratory experiment.

This paper has modelled the buyers’ review motivation as their
desire to express her emotions. Another approach to model review
motivation is for example reciprocity, the desire to reward kindness
and to punish unkindness. Dufwenberg & Kirchsteiger (2004) use psy-
chological game theory to model reciprocity in strategic interactions.

There are three main differences between reciprocity and the emo-
tional motivation to write reviews proposed in this paper. First, if the
buyers were motivated by reciprocity, then their utility function would
depend on their beliefs about the seller’s kindness or unkindness. By
contrast, in the model in this paper, the buyers care only about their
realized outcome from the trade. Second, the buyer’s degree of reci-
procity is increasing in the seller’s kindness or unkindness whereas the
emotional disutility experienced in the hostile state of mind is deter-
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mined by the buyer’s individual sensitivity and his or her loss from
the trade. Third, with reciprocity, the buyers’ utility functions would
assign a weight, positive or negative, to the seller’s profit and their
review decision would depend on the subsequent buyer’s purchasing
decision. In contrast, when buyers write reviews to express their emo-
tions, their review decisions are independent of subsequent buyers’
strategies.

Reviews may also be motivated by anger and a desire to punish
the seller. Battigalli, Dufwenberg & Smith (2019) use psychological
game theory to propose a model of frustration anger in which a player
becomes frustrated if her currently best expected payoff is smaller than
her initially expected payoff. A frustrated player’s utility function
assigns a negative weight to other players’ material utility.

There are two main differences between the emotions modelled
in this paper and the frustration and anger modelled by Battigalli,
Dufwenberg & Smith (2019). First, a buyer motivated by frustration
and anger becomes frustrated in proportion to how much lower their
realized utility is compared with the utility they initially expected.
In the model proposed in this paper, the buyer’s emotional disutility
is determined by his or her individual sensitivity and his or her loss.
Second, like negative reciprocity, a frustrated buyer’s utility function
assigns a negative weight to the seller’s profit and his or her review
decision depends the subsequent buyer’s purchasing decision.

Consumers may also be motivated by other-regarding preferences
toward other buyers. Buyers may for example be morally motivated
to inform other consumers of the quality such that they know what
they are paying for. Morality as a motivation for writing reviews is
however left as an avenue for future research.

Emotions may influence information sharing beyond the scope of
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buyers’ desire to punish sellers. Information sharing among individ-
uals has been found to affect public health during the COVID-19
pandemic (Gallotti et al., 2020), and negative emotions seems to be a
major motivation (Laato et al., 2020; Lu et al., 2021). Other promising
avenues for future research include emotionally motivated information
sharing about conflicts and about environmental issues.
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3.6 Appendix

Proof of Proposition 1.

Proof. Assume λ ≥ λB. Start with sequential rationality and consider
the seller. By assumption, for each w,

π(σ∗) = 2(pH − w) > 2(pL − w).

Next, consider buyer i. Suppose buyer i is at history (pH). Then,

Ui(σ
∗) = µi(qH |pH , ·)vH + (1− µi(qH |pH , ·))(vL − ϕγ(A)(pH − vL))

− pH ≥ 0

given belief µi(qH |pH , ·) ≥ (pH − vL + ϕγ(A)(pH − vL))/(vH − vL −
ϕγ(A)(pH − vL)). Suppose buyer i is at history (pL). Then,

Ui(σ
∗) = µi(qH |pL, ·)vH + (1− µi(qH |pL, ·))vL − pL > 0

for any belief µi(qH |pL, r).
Now consider consistency of the belief system. Buyer i’s on the

path belief, µi(qH |pH , 0) = λ, is consistent. Suppose buyer 1 deviates
to r = 1 with probability ε at history (p, q). Then,

Pr(q = qH |p = pH , r = 1, ε) =
λε

λε+ (1− λ)ε
= λ,

showing that µ2(qH |pH , 1) = λ is consistent with σ∗. Finally, σ∗
i is

sequentially rational for any belief µi(qH |pL, ·).

Proof of Proposition 2.
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Pr(q = qH |p = pH , r = 1, ε) =
λε

λε+ (1− λ)ε
= λ,

showing that µ2(qH |pH , 1) = λ is consistent with σ∗. Finally, σ∗
i is

sequentially rational for any belief µi(qH |pL, ·).

Proof of Proposition 2.

135



Proof. Assume λ < λB. Start with sequential rationality and consider
the seller. Suppose the seller is at history (qL). Then,

π(σ̂) = 2
pL − wL

pH − wL
· (pH − wL) = 2(pL − wL).

Suppose the seller is at history (qH). Then,
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pL − wL

pH − wL
· (pH − wH) > 2(pL − wH).
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µi(qH |pH , 0) =
λ

λ+ λ(vH−ϕγ(A)(pH−vL)−pH)
(pH+ϕγ(A)(pH−vL)−vL)

=
pH + ϕγ(A)(pH − vL)− vL
vH + ϕγ(A)(pH − vL)− vL

,

are consistent. Suppose buyer 1 deviates to r = 1 with probability ε
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at history (pH , q). Then,

Pr(qH |pH , 1, ε) =
λε

λε+ λ(vH−pH)
pH−vL

ε
=

vH − vL
pH − vL

.

As ε → 0, Pr(qH |pH , 1, ε) → (vH − vL)/(pH − vL), showing that
µi(qH |pH , 1) = (vH−vL)/(pH−vL) is consistent with σ̂. Finally, buyer
i’s strategy is sequentially rational for any belief µi(qH |pL, ·).
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