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Abstract

We study the effect of communication on beliefs, behavior, and efficiency in the
context of hold-up problems with a punishment option. We apply a novel behavioral
motivation, frustration-dependent anger, that links unmet payoff expectations with the
willingness to forgo material payoffs to punish others, and we conjecture that commu-
nication works through this mechanism to raise expectations about the likelihood of
belief-dependent costly punishment and to increase trust, cooperation, and efficiency.
In an experiment we allow communication in the form of a single pre-play message.
We measure beliefs and our design permits the observation of promises and deception.
The results are consistent with the theory that costly punishment results from belief-
dependent anger and frustration. Promises drive the effect of communication on beliefs
and broken promises lead to higher rates of costly punishment.
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1 Introduction

Communication can foster trust and cooperation. A recent literature explores why people
keep their promises, focusing on the motivation of the promisor.1 We explore a new and
complementary explanation, whereby it is the promisee that is affected. If a promise is
broken this induces dashed hopes and frustration, which triggers anger and aggression.2 If
anticipated, this creates an incentive for promisors not to renege.

We develop this idea for environments which augment a simple trust game with a punish-
ment stage. The resulting structures may be viewed as particular forms of hold-up problems,
where relationship-specific investments and incomplete contracts expose one party to oppor-
tunistic renegotiation, potentially resulting in underinvestment.3 We explore such settings
both theoretically and experimentally:

First, we apply the model of frustration and anger from Battigalli, Dufwenberg, and Smith
(2015; 2019) (BDS) to a three-stage hold-up problem, allowing us to examine the impact of
communication in general and promises in particular. The basic ideas are: 1) decision-makers
experience anger when they are frustrated; 2) frustration results when material payoffs are
less than expected; and 3) anger leads to aggression and the urge to retaliate; 4) promises
may enhance the just-mentioned effects, by shaping expectations such that promise-keeping
is expected; 5) if these effects are anticipated, trust and cooperation ensues. The approach
requires a formulation of utility where a player’s preferences depend both on material payoffs
and on beliefs about his own and others’ behavior.4 Messages become relevant to the extent
that they influence expectations about payoffs, thus linking communication, beliefs, and the
willingness to forgo material payoffs to punish others.

Second, we design an experiment to test the predictions of the theory.5 We allow pre-play
communication as a treatment in order to study whether promises are sent and whether their

1Charness and Dufwenberg (2006) develop a theoretical argument based on “guilt aversion” and Vanberg
(2008) similarly explores “a preference for keeping one’s word.” Some of the large subsequent literature is
surveyed by Cartwright (2019).

2Psychologists associate frustration with aggression; see e.g. Dollard et al. (1939); Berkowitz (1989).
3See Williamson (1971); Klein et al. (1978); Grout (1984); Grossman and Hart (1986); Tirole (1986);

North and Weingast (1989); and Hart and Moore (1990); compare e.g. Ellingsen and Johannesson (2004a),
Ellingsen and Johannesson (2004b), Che and Sákovics (2008), and Dufwenberg et al. (2013) who explain
how the setup we consider involves the sub-class of hold-up problems with a punishment option.

4The approach involves belief-dependent utilities and draws on the framework of psychological game
theory (Geanakoplos et al., 1989; Battigalli and Dufwenberg, 2009, 2022).

5BDS (2019, pp. 17, 29, 31) discuss previous attempts by economists to address frustration and anger,
either theoretically or experimentally. Two of the experimental studies - Persson (2018) and Aina et al.
(2020) - relate directly to BDS, although unlike us these authors do not explore issues of communication.
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effect on beliefs and behavior is as we predicted. A key contribution of our paper is that,
in addition to recording messages and behavior, we elicit the beliefs of both players before
messages are sent and after they are received. We measure beliefs about co-player choices,
and also, in a novel contribution, about players’ own behavior at subsequent stages of the
game. These measures allow us to carefully examine the relationship between communica-
tion, beliefs, and behavior. In particular, we measure how promises change beliefs and how
expectations about behavior influence the decision to engage in costly punishment.

Ellingsen and Johannesson (2004a,b), who also study communication and hold-up in an
experiment, are important precursors to our study. However, since they did not conduct
their exercise with BDS’ theory in mind, they did not measure the beliefs which are central
to our tests.6 Less closely related are several experimental studies of hold-up games that do
not focus on the impact of communication. See Yang (2021) for a recent review.

Section 2 presents theory. We describe the games we study, apply BDS’ model of belief-
dependent anger, and discuss the extension needed to incorporate the ideas we have regarding
the effect of promises on trust, credibility, and costly punishment. Section 3 presents details
of the experimental design and implementation, and states hypotheses to be tested. Section
4 reports summary statistics, main results regards hypotheses, and additional observations.
In Section 5 we discuss alternative motivations, and Section 6 concludes.

2 Theory

2.1 A hold-up game with costly punishment

We study a class of 2-player, 3-stage games, as shown in Figure 1, where the numbers and
variables at end nodes represent monetary payoffs. The game may be interpreted as a mini-
trust game with an added (subsequent) punishment option, an ultimatum mini-game with an
added (preceding) entry decision, or as a hold-up game where sellers can destroy the proceeds
of a relationship-specific investment.7 In the first stage, Player 1 can choose In to make an

6Ellingsen and Johannesson suggest that their data is consistent with Fehr and Schmidt’s (1999) model
of inequality aversion combined with a preference for consistency, and that communication serves to change
beliefs about co-player types. This interpretation is quite different from the theory that we test. Later on,
we address how models of inequity aversion relate to our data.

7In general, hold-up may occur in environments with or without the opportunity for punishment or
“vengeance” (Dufwenberg et al., 2013). In order to study of the effect of broken promises we focus on a
hold-up environment that allows for costly punishment after opportunistic behavior.
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investment of her entire endowment of $5, or Out to not invest and walk away with her initial
endowment. If Player 1 invests, the endowments of both players double, and Player 2 can
then propose how to divide the proceeds. To make the problem simple, Player 2 can propose
one of two possible splits. One option is to choose Share, which is monetarily favorable (or
at least as good as the other option) for Player 1. The other is to choose Take, which is
monetarily favorable for Player 2. If Player 2 Takes, Player 1 can then Reject, in which
case both players receive 0, or Accept to settle with a less favorable offer in the third stage.
The parameters a and b reflect the payoffs to Player 1 after, respectively, (In, Share) and
(In,Accept), Take). We impose the following parameter restrictions: 20 > a ≥ 5 ≥ b > 0,
and a 6= b. When players care only for monetary payoffs and b < 5, the unique subgame
perfect equilibrium (SPE) is ((Out,Accept);Take); when b = 5 and players care only for
monetary payoffs, there are two SPEs: ((Out,Accept);Take) and ((In,Accept);Take).

1

(5, 5)

Out

2

(a, 20-a)

Share

1

(0, 0)

Reject

(b, 20-b)

Accept

Take

In

Figure 1. A hold-up game with punishment.

2.2 Frustration and anger

We apply the frustration and anger model of Battigalli et al. (2019).8 In this model,
anger is motivated by frustration, and the tendency to hurt others is proportional to frustra-

8Battigalli et al. (2019) model three versions of belief-dependent frustration and anger: 1) Simple anger
(SA), 2) Anger from blaming behavior (ABB), and 3) Anger from blaming intentions (ABI). In the hold-up
environment studied here, the predictions of all three models coincide (although the math below reflects the
SA-formulation). Battigalli et al. (2019) focus on two-stage “leader-follower” games; an earlier working paper
(Battigalli et al., 2015, Section 6) develops an extension to general multi-stage games.

3



tion, following the frustration-aggression hypothesis from psychology (Dollard et al., 1939;
Berkowitz, 1989). In general, one feels frustrated if one’s initial expectation is not met.
Frustration is modeled as the gap (if positive) between one’s initial expected payoff and the
current best possible outcome. At any history h, Player i’s frustration is

Fi(h;αi) = max

{
π̄i(h0)− max

ai∈Ai(h)
E[πi|h;αi], 0

}
, (1)

where π̄i(h0) = E[πi|h0;αi] denotes Player i’s expected payoff at the initial history h0 given
his first-order belief αi about Player j’s behavior, ai ∈ Ai(h) denotes Player i’s action
choice at the history h, so maxai∈Ai(h) E[πi|h;αi] gives the maximum possible expected payoff
available to Player i at the history h.

Player i’s utility from action ai at history h is

uSAi (h, ai;αi) = E[πi|(h, ai);αi]− θiFi(h;αi)E[πj|(h, ai);αi], (2)

where θi ≥ 0 is Player i’s sensitivity to anger. A frustrated individual tends to blame and
hurt the other player if the cost is low enough. Frustration increases the negative weight
placed on the Player j’s material payoff, and motivates aggression.

In the game forms defined in Figure 1, Player 1 is the party who might get frustrated so
we apply Equation (1) and (2) with i = 1, j = 2. Let the probability that Player 1 assigns to
choosing Out be p1 = α1(Out|h0) ∈ [0, 1]. Let q1 ∈ [0, 1] denote the probability that Player
1 assigns to Player 2 choosing Share if stage 2 is realized, i.e. q1 = α1(Share|In) and let
r1 = α1(Reject|In, Take) ∈ [0, 1] denote the probability that Player 1 assigns to choosing
Reject conditional on the 3rd stage being reached. We can also define analogously a similar
belief system (p2, q2, r2) for Player 2. We further assume that higher order beliefs are correct
in the sense that the marginals of the higher order beliefs are equal to the lower order beliefs.
In equilibrium, the belief systems of both players coincide, so we may drop the subscripts
and generically refer to beliefs p, q, and r.

If Player 1’s sensitivity to anger θ1 is sufficiently large, this (psychological) game has a
unique sequential equilibrium (SE) ((In,Reject);Share) where Player 1 chooses In, Player
2 chooses Share, and if Player 2 instead chooses Take then Player 1 chooses Reject. For
((In,Reject);Share) to be an SE, the correct beliefs system is p = 0, q = 1, r = 1 for both
players. Player 1’s initial expected material payoff is 5p + a(1 − p)q + b(1 − p)(1 − q)(1 −
r) = a, and at the history (In, Take) Player 1’s frustration equals a − b. If he gets the
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Figure 2. Sequential Equilibria as a Function of the Anger Sensitivity θ1 of Player 1.

move after Take, Player 1 then compares the payoff of 0 from choosing Reject to the payoff
u1 = b − θ1(a − b)(20 − b) from Accept. Given equilibrium beliefs, Player 1 will Reject if
θ1 >

b
(a−b)(20−b) , demonstrating the uniqueness of the efficient equilibrium for large θ1.

If θ1 is small, then the unique SE coincides with the subgame perfect Nash equilibrium
for self-interested players ((Out,Accept);Take), with beliefs p = 1, q = 0, r = 0 for both
players. Player 1’s initial expected material payoff is 5p+a(1−p)q+ b(1−p)(1− q)(1− r) =

5. Experienced frustration equals to 5 − b if stage 3 is realized. Player 1 compares 0 to
u1 = b− θ1(5− b)(20− b), and chooses Accept if θ < b

(5−b)(20−b) .

For intermediate values of θ1 there are two SE in pure strategies, the efficient one and
the inefficient one. Figure 2 shows the SE as a function of the anger sensitivity of Player 1.

The anger sensitivity θ2 of Player 2 plays no role in the analysis. If Player 2 gets the move,
then her maximal payoff is still available and according to the model, she cannot be frus-
trated (F2(·) = 0) and her behavior is indistinguishable from material payoff maximization.
Therefore we focus our analysis on the beliefs and behavior of Player 1.

2.3 Communication and Promises

If the players are selfish (θ1 = 0) the game has a unique backward induction solution:
((Out,Accept);Take). The logic of that prediction is not affected by whether or not there
is an opportunity for pre-play communication and promises.
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By contrast, if θ1 > 0, promises may plausibly affect behavior and beliefs. We predict
that a promise-to-Share will (i) increase the likelihood of choices In, Share, and Reject, and
(ii) that pi will decrease while qi and ri will increase, for i = 1, 2.

A special case is an instance of equilibrium selection, if b
(5−b)(20−b) < θ1 <

b
(a−b)(20−b) (com-

pare Figure 2). Recall that there are two SE, ((Out,Accept);Take) and ((In,Reject);Share).
Assume that absent communication players play ((Out,Accept);Take). Assume that follow-
ing a promise-to-Share players play ((In,Reject);Share). In this case a promise-to-Share
allows the players to coordinate on the Pareto-efficient equilibrium.9

Predictions (i) and (ii) are not limited to equilibria though. Rather, the idea is that
messages feed self-fulfilling chains of beliefs that better choices will be made more frequently.
In particular, suppose Player 2 issues a promise-to-Share:

− If 1 attaches credibility to Player 2’s promise, then q1 rises.

− With a higher q1, Player 1’s frustration following (In, Take) increases (see Equation
(1)).

− Player 1’s increased frustration makes Reject a better choice for Player 1, suggesting
an increased frequency of Reject as well as higher ri’s.

− The increased r2 makes Share a better choice for Player 2, suggesting an increased
frequency of Share as well as higher q2.

− When q1 and r1, as long as the increase in q1 is large enough, this makes In a better
choice for Player 1, suggesting an increase in pi.

To sum it up, under the assumption that certain messages influence beliefs, the belief-
dependent frustration-anger model implies that, with promises, Player 1 is more likely to
trust Player 2 (choose In), Player 2 is more likely to keep her promises (to Share), and Player
1 is more likely to punish broken promises (by Reject ing).

9See Crawford (2016) for a broad discussion of how there is some empirical support for communication to
have such efficiency-enhancing effects, as well as a nuanced critical discussion of the difficulty in establishing
clear game-theoretic underpinnings.
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3 Experiment

To study the effect of promises on trust and punishment we implemented a laboratory
experiment with the class of games depicted in Figure 1. We employed a within-subject
design where subjects played variations of the game over multiple rounds, with fixed roles,
paired with anonymous partners with random rematching each round. Each session included
a communication and a no-communication block, with the order counterbalanced across
sessions.

3.1 Procedures

The experiment was programed using z-Tree (Fischbacher, 2007) and conducted at the
Virginia Tech Economics Laboratory. A sample of the experiment instructions is reproduced
in the Appendix. We conducted a total of 11 sessions, with 200 total participants.10 Each
session included 14-20 participants with an average of 18.4 per session. Sessions took about
1.75 hours to complete.

At the beginning of each session, participants were randomly assigned to the role of either
Player 1 or Player 2, which remained fixed throughout the experiment. Before each round,
participants were randomly and anonymously matched with a partner of the opposite role
(i.e., we used stranger matching). After the experiment, participants were paid according
to the outcome of one randomly selected round. Excluding the show-up fee, participants
earned an average of $12.24.11

Each session consisted of 20 rounds separated into two blocks: 10 rounds of communica-
tion, and 10 rounds where no communication was allowed. After each round both players
were informed of the outcome. We counterbalanced the order of the communication block
across sessions, so that in 5 of the 11 sessions the first 10 rounds involved pre-play messages
from Player 2 to Player 1, and the no-message block followed; the other 6 sessions experi-
enced the no-message block first. The only restrictions on message sending were that the
message had to be less than 140 characters long, and to retain confidentiality, individuals
were not allowed to reveal their identity in the message.

In each block, participants played 10 different variations on the game in Figure 1, in
10We dropped the data from one additional session that was interrupted by a software malfunction.
11After Session 4, we increased the show-up fee from $5 to $10 to improve turnout.
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random order. The game variations are shown in Table 1, where all the numbers are in US
dollars. A change of the parameter b (Payoff from Accept) indicates changing the cost of
punishment, and we vary the cost of punishment from 1 to 5. The difference a− b indicates
the “Take amount”: either a− b = 4 to indicate a low Take amount, or a− b = 10 to indicate
a high Take amount. The payoff splits in Stage 2 and Stage 3 are asymmetric, such that
a 6= 10, to reduce the saliency of an equal split.

Table 1. Experiment Design – Game Structure.

Game a Cost of Punishment (b) Take Amount (a− b)
LT1 5 1 4
LT2 6 2 4
LT3 7 3 4
LT4 8 4 4
LT5 9 5 4
HT1 11 1 10
HT2 12 2 10
HT3 13 3 10
HT4 14 4 10
HT5 15 5 10

It is common in experiment designs to make use of the “strategy method”, where players
make conditional choices before the game is played. However, the BDS model implies that
players experience zero frustration in this set-up, as frustration can only arise in the course
of play. Consistent with our motivation, Aina et al. (2020) demonstrate experimentally that
frustration and anger are more relevant with direct response method than with strategy
method, and costly punishment exhibits greater belief-dependence in sequential decisions.
In addition, Brandts and Charness (2011) show that costly punishment is more frequently
observed with the direct response method, compared to strategy method. Therefore, we
used a direct response design, such that players move sequentially.

3.2 Belief Elicitation

During the experiment we elicited participant’s probabilistic beliefs about their co-player’s
actions, conditional upon future play. We also asked participants to report the probability
with which they expect to take an action conditional upon future play in the game. In each
round, we measured the first-order beliefs that participants held about their own (in the case
of first movers) and their co-players’ behavior. We elicited Player 1’s beliefs regarding the
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likelihood of choosing Out (p1), Player 1’s conditional first order beliefs of Player 2’s prob-
ability of choosing Share (q1), and Player 1’s own plan of choosing Reject (r1) conditional
on entering the 3rd stage. To examine how messages influence beliefs, in the communication
treatment we measure Player 1’s beliefs both before and after messages are received. If
Player 1 chose In, we elicited Player 2’s second order belief about Share (q2) and first order
belief about the conditional probability that Player 1 will choose Reject (r2) after Player 2
made a decision on the 2nd stage.

When combining the direct response method with belief elicitation, as we do, there is
a potential conflict between incentives for behavior and for reporting truthful beliefs (e.g.
Rutström and Wilcox, 2009; Blanco et al., 2010).12 In sequential play designs, incentivizing
truthful belief reports by e.g. a scoring method can create a spillover effect where players
have incentives to continue the game in order to receive payment for a reported belief in
a future stage, or to choose actions that are consistent with a previously reported belief.
The problem is exacerbated when eliciting beliefs about a player’s own future behavior.13

Trautmann and Kuilen (2015) find that flat fee incentives perform almost as well as more
complicated methods for eliciting beliefs such as proper scoring rules. We therefore eschew
the use of a scoring rule for payment, instead incentivizing belief reports with a flat fee
payment of $5. In addition, we asked participants to pledge to answer these questions “to
the best of my knowledge,” in an attempt to trigger a desire for honest response (see the
instructions in the Appendix).

3.3 Hypotheses

Our hypotheses are based upon two main assumptions. First, participants in the exper-
iment are motivated by belief-dependent anger. Second, messages are informative.

With regard to belief-dependent anger, the model implies that unmet expectations re-
garding material payoffs will increase the disutility from a co-player’s payoff. Hypothesis 1 is
motivated by the theoretical assumption that diminished payoff expectations make aggres-
sion and costly punishment more attractive (Section 2.2).

Hypothesis 1. Player 1’s higher 1st order belief about Player 2’s probability of cooperation
12See also Schotter and Trevino (2014) for a review of the methodology of eliciting beliefs.
13See also the discussion of incentivizing own beliefs in Toussaert (2018), who addresses this issue by

eliciting beliefs about a “similar other.” Because we are interested in own beliefs as the relevant variable for
anger and costly punishment, we also do not employ methods that involve proxies such as similar others or
the average belief in the room (as in Charness and Dufwenberg, 2006).
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leads to higher rates of Reject choices.

Besides beliefs, game structure can influence Player 1’s behavior as predicted by the belief-
dependent anger theory, referring to Section 2.2. A unique efficient sequential equilibrium
((In,Reject);Share) can be achieved when anger sensitivity parameter θ1 > b

(a−b)(20−b) .
Therefore, as the Take amount (a − b) increases, it is easier for Player 1 to reach to the
threshold for θ1 to Reject. Similarly, as the cost of punishment (b) increases, it is harder for
Player 1 to reach to the threshold for θ1 to Reject.

Hypothesis 2. Player 1 is more likely to Reject when the Take amount (a-b) is high; Player
1 is less likely to Reject as the cost of punishment (b) increases.

We next turn to the effect of communication. With reference to the arguments made
in Section 2.3, we expect that communication will increase the frequency of cooperative
outcomes and improve efficiency. This is furthermore consistent with a number of studies of
communication and cooperation (Charness and Dufwenberg, 2006; Balliet, 2010; Battigalli
et al., 2013), and studies of communication and efficiency (Blume and Ortmann, 2007; Avoyan
and Ramos, 2020; Fehr and Sutter, 2019).

Hypothesis 3. Communication increases the frequency of cooperative outcomes and im-
proves efficiency.

Motivated by theoretical description in Section 2.3 and the results of Charness and
Dufwenberg (2006) and the subsequent literature, we hypothesized that the content of the
free-form messages would play an important role in connecting communication with behav-
ior via beliefs. In particular, we predicted that promises would change beliefs and plans in
the direction of increased investment, cooperation, and punishment. Hypotheses 4 and 5
connect communication and costly punishment via the effect of communication on beliefs.
With regard to message content, we hypothesize:

Hypothesis 4. Communication influences beliefs via promises, such that promises shift
Player 1’s reported beliefs in the direction of increased likelihood of investment, cooperation,
and costly punishment; but non-promises have no impact over beliefs.

We predicted that the effect of promises on beliefs would carry through to behavior,
through the mechanism of belief-dependent anger as described in Section 2. In particular, an
implication of the frustration-anger model is that if promises are believed and then broken,
the higher initial expectation of cooperation generates greater frustration and leads to a
higher likelihood of rejection in the 3rd stage:

Hypothesis 5. Broken promises lead to a higher rejection rate, and promises lead to a
higher cooperation rate relative to non-promise
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4 Results

We begin our examination of the results by reporting summary statistics in Section 4.1,
and then present our main results following the order of our proposed hypotheses (Section
4.2). At the end, we report additional observations beyond the preconceived hypotheses in
Section 4.3.

4.1 Summary Statistics

Each experimental session included both no-communication and communication blocks.
In the latter, Player 2 was given the opportunity to send a pre-play free-form message to
Player 1. We first investigate how the communication treatment affects game outcomes, and
the result is shown in Table 2.

Table 2. The Effect of Communication.

Out Cooperation Rejection Acceptance Total
(Out) (In,Share) ((In,Reject);Take) ((In, Accept);Take)

No Communication
263 467 97 173 1000

26.30% 46.70% 9.70% 17.30% 100.00%
35.93% 64.07% 100.00%

Communication
195 601 82 122 1000

19.50% 60.10% 8.20% 12.20% 100.00%
40.20% 59.80% 100.00%

Total
458 1068 179 295 2000

22.90% 53.40% 8.95% 14.75% 100.00%
37.76% 62.24% 100.00%

Note: Row 1: number of observations; row 2: percent of total observations; row 3: percent of
observations that reach the third stage.

The cooperative outcome (In,Share) is more prevalent in the communication treatment
(60.10% vs. 46.70%). A 1-sided Fisher’s exact test confirms that the cooperation rate is
higher in the communication treatment (p-value < 0.001). This result is consistent with the
belief dependent models of frustrated anger and guilt aversion and with Hypothesis 3, that
communication will increase cooperation. A chi-squared test shows that allowing communi-
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cation has a significant effect on the distribution of outcomes (terminal histories) (p-value <
0.001). The conditional Reject rate is also higher in the communication treatment (40.20%
vs. 35.93%), but this difference is not significant (1-sided Fisher’s exact test: p-value =
0.197).

Communication also affects reported beliefs. Figure 3 presents histograms of Player 1’s
self-reported plans for choosing Out and Reject and beliefs that player 2 will choose Share, in
the communication and the no-communication treatments. In the communication treatment
we measured beliefs both before and after messages were received; unless otherwise noted
the belief data we report for the communication treatment were recorded after messages
were received. Epps-Singleton tests confirm that the distributions of reported beliefs are
significantly different in the communication vs. the no-communication treatment (plan for
Out : p-value < 0.001; belief for Share: p-value < 0.001; plan for Reject : p-value < 0.001).
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(a) P1’s Out Plan.

0
10

0
20

0
30

0
40

0

0 .5 1 0 .5 1

No Communication Communication
Fr

eq
ue

nc
y

Player 1's Plan about Share

(b) P1’s Share Belief.
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(c) P1’s Reject Plan.

Figure 3. Histograms of P1’s Expectations.
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4.2 Main Results

In this section we report results, following the order of our preconceived hypotheses. We
start by evaluating the relationship between Player 1’s self-reported beliefs and behavior
(Hypothesis 1) and the relationship between game structure and behavior (Hypothesis 2).
Next, we measure the effectiveness of communication on behavior and welfare (Hypothesis
3). We then investigate how message content in the form of promises influences beliefs and
behavior (Hypothesis 4 and 5).

4.2.1 First-Order Beliefs Affect Behavior

We first evaluate the correlations between self-reported beliefs and subjects’ choices (Hy-
pothesis 1). Spearman’s rho shows a positive correlation between Player 1’s Reject choice
and belief about Player 2’s Share (rho = 0.222, p-value < 0.001) and a positive correlation
between Player 2’s Share decision and belief about Player 1’s Reject (rho = 0.212, p-value
< 0.001). Figure 4 further demonstrates that players’ behavior is consistent with belief-
dependent anger. Figure 4(a) shows that Player 1 who chooses Reject over Accept reports
a higher 1st order belief about Player 2’s Share (rank sum test: p-value = 0.002). Figure
4(b) shows that Player 2 who believes that Player 1 is more likely to Reject is more likely
to choose Share (rank sum test: p-value < 0.001). The above results are consistent with
Hypotheses 1.

To study the role of beliefs in driving costly punishment, in Table 3, Columns A-B, we
report the results of fixed-effect logistic regressions, with the dependent variable (P1’s Reject
Choice) equal to 1 if Player 1 Rejects the offer in stage 3, and equal to 0 if Player 1 Accepts
the offer in stage 3. A key test for belief-dependent motivation is to investigate how beliefs
about Share influence Reject behavior (Hypothesis 1), since models of self interest and of
distributional preferences imply that these beliefs should have no impact on behavior in
the 3rd stage of the game, after controlling for the cost of punishment (b), the high Take
condition (Take amount a−b = 10), the communication treatment, and the Period. We find,
in Column B, a significant relationship between Player 1’s first order belief about Share and
decision to Reject the offer after Take. A 10% increase in the probability of Share increases
Player 1’s chance of rejecting by 2.488%, which is consistent with Hypothesis 1.

As reported in Table 3, only 474 out of 2000 games played reached the third stage.
Therefore, we use Player 1’s Reject plan (Player 1’s reported belief about Reject at the start
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(b) P2’s Reject Belief vs. Share Choice.

Figure 4. Relationship Between Beliefs and Behavior.

of the game, corresponding to r1 in Section 2.2) as a proxy for Player 1’s actual behavior
in the 3rd stage. Spearman’s rho shows significant correlations between plans and choices
(Player 1’s Out : rho = 0.617, p-value < 0.001; Player 2’s Share: rho = 0.430, p-value <
0.001; Player 1’s Reject : rho = 0.598, p-value < 0.001). Supplementary Figure 1 shows
Receiver Operating Characteristic (ROC) curves relating plans with behavior. The reported
plans are good predictors of subsequent decisions, with Area Under the Curve (AUC) greater
than 0.8 for each measure.

In Table 3 Columns C-D, we employ fixed effects linear regressions to study the deter-
minants of Player 1’s reported Reject plan (divided by 100, to scale between 0 and 1). We
observe that in Column D, with subject level control, Player 1’s first order belief about Share
is significantly infleuncing Player 1’s Reject plan. Since the Reject plan serves as a high qual-
ity proxy of Reject choice, we find strong evidence that Player 1’s behavior is consistant with
belief-dependent anger (Hypothesis 1).
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Table 3. The Effect of Belief about Share on P1’s Reject Choice and Plan.

P1’s Reject Choice P1’s Reject Plan

A B C D
mfx / se mfx / se mfx / se mfx / se

Cost of Punishment -0.1985*** -0.1814*** -0.0736*** -0.0677***
(0.0219) (0.0245) (0.0077) (0.0069)

High Take 0.0442 0.0769 0.0087 0.0272***
(0.0584) (0.0606) (0.0078) (0.0082)

Communication 0.0174 0.0111 0.0552*** 0.0449***
(0.0494) (0.0483) (0.0170) (0.0167)

Period 0.0137*** 0.0129*** 0.0122*** 0.0118***
(0.0044) (0.0045) (0.0014) (0.0017)

Belief about Share 0.2488** 0.1230***
(0.1173) (0.0360)

Observations 474 474 2000 2000
BIC 560.4 558.9 589.4 571.6
Subject controls No No Yes Yes

* p < 0.1, ** p < 0.05, *** p < 0.01. Standard errors in parentheses.
Note: mfx: marginal effect. Marginal effects for continuous variables are evaluated at means, and for bi-
nary variables are evaluated as the discrete change from 0 to 1. se: standard error. Standard errors are
bootstrapped at the session level. Fixed effect logistic regressions are employed for P1’s Reject Choice,
and fixed effect linear regressions are employed for P1’s Reject Plan.

4.2.2 High Take Amount Reduces Reject Choice

Our experimental design varied both the Take amount (a − b, the difference between
Player 1’s payoffs from Share and from Accept, which is either 4 or 10) and the cost of
punishment (b). Figure 5(a) shows that Player 1 is more likely to Reject in the third stage
when the Take amount is high (1-sided Fisher’s exact test: p-value = 0.033; rank sum test:
p-value = 0.054; 1-sided t test: p-value = 0.027), consistent with Hypothesis 2. This suggests
that participants are motivated by more than distributional preferences, as the Take amount
is not instrumental to Player 1’s decision after the history (In, Take). Figure 5(b) shows
that as the cost of punishment increases, Player 1 is less likely to Reject (Fisher’s exact test:
p-value < 0.001; Spearman’s rho = -0.413, p-value < 0.001), confirming that participants
are also sensitive to the cost of punishment (Hypothesis 2).

After including controls for communication, round number, and Player 1’s belief about
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Figure 5. Reject Rate by Game Structure.

Share, with subject level controls, our fixed-effects linear regression analyses shows that
both the cost of punishment and the high Take condition predict Player 1’s Reject plan in
Table 3 Column D. In the regression, as predicted by Hypothesis 2, an increase in the cost
of punishment is associated with a significant decrease in reported plans to choose Reject.
Consistent with Hypothesis 2, after controlling for the cost of punishment, participants
indicate a greater likelihood of choosing Reject in the High Take condition.

4.2.3 Communication Increases Cooperation

As predicted by Hypothesis 3, communication has a strong effect on efficiency and co-
operation. Figure 6(a) compares Share outcomes from the no-message and message blocks,
pooling the data from all sessions, with number of observations labeled on the bars. We
observe significantly higher cooperation rate with communication on a subject level (1-sided
t-test: p-value < 0.001).

To test whether communication improves efficiency, we first compare welfare in both
treatments (Figure 6(b)). The combined welfare is significantly higher in the communication
treatment ($16.41 vs. $15.43, rank sum test: p-value = 0.014). Next, we look into Player 1
and Player 2’s payoffs separately.

Figure 7 shows that Player 2’s average payoffs are insignificantly higher in the com-
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(b) P1 and P2’s Combined Welfare.

Figure 6. Communication Improves Cooperation and Welfare.

munication treatment; whereas, Player 1’s average payoffs significantly increase $0.68 from
no-communication to communication treatment (rank sum test: p-value < 0.001). This sug-
gests that social welfare or efficiency increases if communication is allowed. This result is
consistent with our Hypothesis 3, that communication improves efficiency.

Figure 7. The Effect of Communication on Payoffs by Player Role.
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4.2.4 Communication Shifts Beliefs through Promises

We now consider the effect of communication on beliefs (measured after the message
was received in the communication treatment). Figure 8 shows that communication affects
Player 1’s reported beliefs, and this result is consistent with our Hypothesis 4. Player 1’s
report a higher likelihiood that Player 2 will cooperate (1st order belief about Share, q1)
when communication is allowed. Communication affects Player 1’s own plans as well. With
communication, Player 1 believes that she is less likely to play Out but more likely to Reject
if 3rd stage is reached. 1-sided t-tests confirm that Player 1’s beliefs are significantly different
in the communication treatment and the no-communication treatment (plan for Out : p-value
= 0.009; 1st order belief about Share: p-value < 0.001; plan for Reject : p-value = 0.069).
In addition, we observe that the direction of how communication influences expectations is
consistent with belief-dependent anger.
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Figure 8. Communication Influences P1’s Reported Beliefs.

To examine the relationship among message content, beliefs, and behavior, we manually
coded messages as promises if they follow the pattern of “If you choose In, I will choose
Share."14 Using this approach, we identify 32% of messages as promises, and the median
number of promises per session was 32.2%. Sample messages and their categories are pre-
sented in Supplementary Table 2.

As noted above, in the communication treatment, we measured beliefs both before and
after receiving a message. Figure 9 shows that promises have a strong effect on Player 1’s

14As a reminder, we used neutral action labels in the actual experiment.
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Figure 9. Belief Change After Receiving a Message.

reported beliefs. Promises increase Player 1’s belief about Player 2’s cooperative behavior
(1st order belief about Share). Promises also influence Player 1’s beliefs about their own
actions (plan for Out and Reject). After receiving a promises message, Player 1s report that
they will be less likely to choose Out, but will be more likely to punish Player 2. 1-sided
t-tests show a significant difference in the change in Player 1’s reported beliefs after receiving
a promise, compared to receiving a message that did not involve a promise (plan for Out :
p-value < 0.001; 1st order belief about Share: p-value < 0.001; plan for Reject : p-value =
0.011). In addition, two-sided t-tests confirm that the change in Player 1’s reported beliefs
after non-promise messages is not significantly different from 0 (plan for Out : p-value =
0.779; 1st order belief about Share: p-value = 0.343; plan for Reject : p-value = 0.390).
Promises have a significant effect upon beliefs, while non-promises have an insignificant
effect, consistent with Hypothesis 4.

4.2.5 Promises Influences Behavior

To further demonstrate the effect of promises on behavior as prediced in Hypothesis 5,
we look at beahvior differences under promises and non-promises. Supplementary Table
1 shows the outcome distribution with respect to promises and non-promises is consistent
with belief-dependent anger. A chi-squared test shows that the distribution of outcomes is
significantly different with and without promises (p-value < 0.001). Figure 10 shows that
the proportion of both Share and Reject choices is higher when a promise is made. This
result is consistent with Hypothesis 5: promises foster cooperation, but broken promises
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lead to higher rates of punishment. The effect of promises is greater than the effect of
communication, and messages other than promises have no effect on behavior.
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(b) P1’s Reject Rate with Broken Promises.

Figure 10. Kept and Broken Promises.

The result shown in Figure 10(a) is consistent with the frustration-anger model, in that
if Player 2 anticipates the change in Player 1’s beliefs following a promise, Player 2 will have
increased motivation to choose Share in order to avoid punishment from a Reject choice
after Take. When we compare Player 2’s behavior after non-promises vs. after promises, the
Share rate is significantly higher following promises (1-sided Fisher’s exact test: p-value <
0.001). A rank sum test confirms that subject level Share rate is also higher with promises
(p-value < 0.001). This result holds on the level of each of the 10 different games as well.
Supplementary Figure 2(b) shows that the Share rate for promises is higher across all 10
games. Promises affect not only cooperative behavior but also rejection. As predicted by the
frustration-anger model, Player 1’s beliefs change following promises, and Player 1 is more
likely to punish with broken promises. Figure 10(b) shows that the Reject rate is higher with
broken promises compared to non-promises, consistent with Hypothesis 5 (1-sided Fisher’s
exact test: p-value = 0.030). A rank sum test confirms that subject level Reject rate is also
higher with broken promises (p-value = 0.068).
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4.3 Additional Observations

This section reports additional observations regarding our data. We first discuss the
observed persistent effect of communication, then we present evidence for gender differences.

4.3.1 Persistent Communication Effect

There is a significant difference between the experimental sessions with communication
first and the sessions with communication second. Figure 11 shows that in the communication-
first sesssions, there is a persistent effect of communication: the higher rate of cooperation
(Share outcomes) is sustained in the subsequent no-communication periods. Restricting
attention to the first 10 rounds of each treatment, there is a significantly higher coopera-
tion rate in the communication-first sessions than in the communication-second treatment
(58.86% vs. 35.18%, 1-sided Fisher’s exact test: p-value < 0.001). This difference disap-
pears in rounds 11-20 (61.36% vs. 61.07%, 2-sided Fisher’s exact test: p-value = 0.948).
This suggests that the communication effect is so strong that after being exposed to the
communication environment, participants behave as if they are still sending and receiving
messages in the second, no-communication, block.
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Figure 11. Persistent Communication Effect.

Because of this persistent effect of communication, we examine the distribution of out-
comes after restricting the sample to include only the first 10 rounds. Figure 12 compares
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the effects of communication on the distribution of outcomes with all 20 rounds and with the
first 10 rounds only, when the no-communication group has no experience with messages.
The contrast of communication vs. no communication is stronger when we look at the first
10 rounds only. The mean fraction of Share outcomes in the communication treatment in the
first 10 rounds is 58.86%, which is close to the overall mean for 20 rounds (60.10%, see also in
Table 2), but the cooperation rate without communication in the first 10 rounds decreases to
35.18%. A chi-squared test shows that the communication treatment has a significant effect
on the distribution of outcomes for the first 10 rounds of the experiment (p-value < 0.001).
These results demonstrate that communication has a strongly positive and persistent effect
on cooperation.
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Figure 12. Outcomes Compare All 20 vs. 1st 10 Rounds.

4.3.2 Gender Differences

We started this project with BDS’ theory in mind and the intention to test hypotheses
1-5. We recorded subjects’ genders without any preconceived conjectures as regards whether
results would differ between women and men. Aina et al. (2020), however, report that men
are more affected by anger than women. As it turns out, we have comparable findings.
Females and males’ behavior are relatively similar, except that when promises are made,
males tend to Reject more often (Reject rate 70% vs. 30%, rank sum test: p-value = 0.077).
We ran the fixed effects linear regressions for Reject plans separately for females and males
and report the results in Table 4. The effect of communication survives with females, but
disappears with males. Whereas, beliefs about Share are significantly positively associated
with planning to reject for males, but not for females. Consistent with Aina et al. (2020), the
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coefficient estimates for “High Take” and “Belief about Share” are positive and statistically
significant predictors of Player 1’s Reject plan in the regression for males, but not in the
female-only analysis. In our data as well, men’s beliefs and choices are more consistent with
the frustration-anger model.

Table 4. Linear Regressions – Gender Effect of P1’s Reject Plan.

Females Males

A B C D
mfx / se mfx / se mfx / se mfx / se

Cost of Punishment -0.0744*** -0.0703*** -0.0732*** -0.0668***
(0.0144) (0.0135) (0.0083) (0.0087)

High Take -0.0027 0.0104 0.0165 0.0365**
(0.0138) (0.0148) (0.0161) (0.0157)

Period 0.0110*** 0.0107*** 0.0130*** 0.0126***
(0.0029) (0.0031) (0.0030) (0.0030)

Communication 0.0592* 0.0539 0.0543* 0.0397
(0.0333) (0.0351) (0.0319) (0.0318)

Belief about Share 0.0734 0.1539***
(0.0714) (0.0308)

Observations 880 880 1100 1100
BIC 154.8 157.5 451.8 437.6
Subject controls Yes Yes Yes Yes

* p < 0.1, ** p < 0.05, *** p < 0.01. Standard errors in parentheses.
Note: mfx: marginal effect. Marginal effects for continuous variables are evaluated at means, and
for binary variables are evaluated as the discrete change from 0 to 1. se: standard error. Stan-
dard errors are bootstrapped at the session level. Fixed effect linear regressions are employed
for P1’s Reject Plan.

5 Alternative Theories of Motivation

Experimental and behavioral economists have convincingly argued that models of social
preferences are needed to explain human behavior, but little of such work factors in anger
and frustration. One may wonder if doing so is necessary. For example, can models of
inequity aversion (e.g. Fehr and Schmidt, 1999; Bolton and Ockenfels, 2000) explain our
data? One implication of inequity aversion is that if player 1 ever Rejects a high offer in
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the 3rd stage, then she/he would never Accept a lower offer, regardless of communication
or beliefs. Using this idea we can classify subjects into four categories, shown in Table
5. “IA Violation” represents subjects whose behavior is inconsistent with inequity aversion:
they either Reject a higher and Accept a lower offer, or they both Reject and Accept the
same offer (e.g. rejecting an offer of 3 in one round and accepting 3 in another). “Inequity
Averse” subjects’ behavior is always consistent with inequity aversion, “Self-interest” refers
to players who always Accept any offer, and “Unclassified” are subjects that faced fewer than
two different offers.

Table 5. Classification of Player 1 behavior.

IA violation Inequality averse (IA) Self-interest Unclassified
# of Subjects 36 28 33 3
# of 3rd Stage Decisions 5.42 4.79 4.27 1.33

Table 5 indicates that 36% of subjects are inconsistent with either self-interest or inequity
aversion, 28% of subjects demonstrate behavior consistent with inequity aversion, while 33%
of subjects behave as if they care only for material self-interest. Moreover, the number of
subjects whose behavior is inconsistent with inequity aversion or self-interest increases when
subjects have more decisions in the 3rd stage. This suggest that inequity aversion cannot
explain the behavior of at least one-third of our participants, and models that allow for non-
consequential behavior such as BDS may be needed to fully capture the range of behavior
demonstrated.

Another strand of models addresses subjects’ tendency to honor promises, whether they
be motivated by belief-dependent guilt aversion (see Charness and Dufwenberg (2006) and
Battigalli and Dufwenberg (2007)) or the direct preference to honor a promise (e.g. Vanberg,
2008). These approaches help explain why communication increases the frequency of Share
choices, but our results indicate that (the avoidance of) frustration, anger, and costly punish-
ment in our game has additional effects. First, models of a tendency to honor promises and
belief-dependent guilt aversion cannot explain the behavioral results we observe in the third
stage of the games, regarding increased rates of punishment when promises are breached.
Second, after promises, participants in our study choose to Share a striking 95% of the
time. This amount of promise-keeping is much higher than in comparable studies without a
punishment stage (e.g. Charness and Dufwenberg, 2006).
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An alternative motivation for punishing broken promises might involve reciprocity, in
which individuals are motivated to reward kindness and punish hostility through beliefs.
However, sequential reciprocity (Dufwenberg and Kirchsteiger, 2004) allows for the possibility
that players engage in mutual unkindness on the equilibrium path. In our setting, this would
imply that a Player 1 whose assigned a low probability to Player 2 choosing Share could also
report plans (beliefs about her own subsequent actions) that involve a high probability of
choosing out Out, and a low probability of choosing Reject. This pattern of beliefs is ruled
out by the frustration and anger model, and in fact, we do not observe it in our data. Player
1s’ reported beliefs about the likelihood of Share are negatively associated with self-reported
plans to choose Out, and positively associated with plans to choose Reject (Figure 13). This
observation does not constitute a refutation of reciprocity theory, as it may be possible to
observe such mutual unkindness in other settings (e.g. feuds), but it does suggest that the
beliefs and plans we elicit are consistent with the frustration-anger model.
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Figure 13. Player 1’s self reported plans vs. beliefs about Share.

Another potential motivation is the desire to conform to social norms. Many individuals
are willing to pay a cost to punish norm violators (Fehr and Gächter, 2000; Xiao and Houser,
2011). In our setting, Player 1 might regard Player 2’s decision to Take as a violation of
fairness norms. Player 1 can then choose to punish this norm violation. The frustration-anger
explanation and the punishing-norm-violators are not mutually exclusive, as frustration is
likely to result from the violation of the fairness norm. Krupka et al. (2017) show that social
(in)appropriateness ratings (norms) and second-order beliefs (guilt aversion) are both good
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predictors of behavior involving informal agreements. This suggests that further work is
necessary to separately identify the motivations of belief-dependent anger from the desire to
punish norm violators in the context of broken promises.

6 Conclusion

We study the effect of communication on strategic behavior in environments that allow
for trust, promises, deception, and punishment. Communication increases cooperation and
impacts beliefs. Beliefs are shaped by promises, and punishment increases with broken
promises. The results support the idea that communication, beliefs, and costly punishment
are linked through the mechanism of belief-dependent frustration and anger.

The hold-up problem arises from relationship-specific investments and the lack of verifia-
bility of contracts. It is a central challenge in the economics of contracting and organizations.
While other studies of hold-up focus on incomplete information and aspects of the bargaining
process, our simple model emphasizes that hold-up problems arise when it is not possible to
fully commit to uphold a contract. We show how the hold-up problem can be resolved at
least in part by modeling emotional agents who are prone to anger.

Communication from the second-mover to the first mover may be beneficial in our setting
for two reasons. First, there are two sequential equilibria of the hold-up game with angry
second movers, and communication may help players coordinate on equilibria. Second, com-
munication may influence players’ beliefs. We show that promises have a strong impact
on player’s belief that their co-players will share. An increase in the probability of sharing
raises players’ expected payoff, resulting in greater frustration and an increased propensity
to engage in costly punishment when promises are broken.

Our analysis emphasizes that anger and the threat of costly punishment can help with
the hold-up problem, and that communication can further aid in facilitating cooperation. In
limiting our analysis to the emotion of anger we rule out many related concerns, including
inequality aversion, guilt aversion, reciprocity, and concern for social norms. All these factors
may play a role in informal contracting. Future work will shed more light on when and how
much each factor contributes to cooperation.

One way to think about our work would be that we formalize ideas from Selten (1978),
Hirshleifer (1987), Frank (1988), and others who suggest that emotions solve commitment
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problems. Our belief-dependent agents are frustrated when their payoffs do not meet expecta-
tions. Building on the frustration-aggression hypothesis from psychology, we link frustration
to anger and aggression. This model also captures the notion from evolutionary psychology
that the function of anger is to resolve bargaining conflicts in favor of the angry individual
(Sell et al., 2009).

Our solution to the hold-up problem has some similarities with the approach of Hart
and Moore (2008, H&M). They model agents for whom contracts serve as a reference point
by which outcomes are evaluated. Parties who feel shortchanged relative to the reference
contract feel “aggrieved” and shade on performance. Our focus is different, in that the
starting point for H&M is the contract as a reference point, ours is the belief-dependent
model of frustration and anger of BDS. In the BDS setting, the “reference point” against
which outcomes are judged is expected payoffs. We study how anger and communication
can help to resolve the hold-up problem, while H&M focus on how behavioral considerations
generate tradeoffs between flexible and rigid contracts.

In studying the role of communication, we have limited our attention to messages from
the second-mover to the first-mover in this paper. This is also restrictive. In particular,
messages from the first-mover to the second-mover could involve threats that gain credibility
with anger and frustration in the picture. The topic is so interesting that it warrants its
own research exercise, which, in fact, we run as a companion project (Dufwenberg, Li, and
Smith, 2022).

Appendices

A Instructions

Below is an example of the instructions for sessions with the communication treatment
before the no communication treatment. The instructions for the second part of the experi-
ment were given to all the subjects after the communication block was completed.

Part I Instructions

Welcome to the experiment. The purpose is to study how people make decisions in a
particular situation. Please do not speak to other participants during the experiment. Feel
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free to ask a question at any time by raising your hand.

Your will receive $5 for participating. You have the potential to earn additional money
based on your own and others’ decisions, as described below. Your decisions and payoffs will
remain confidential. You will be paid individually and privately, in cash, at the end of the
experiment.

There are two parts to the experiment. Both parts consist of multiple rounds of simple
games that will be described below. The order in which choices are made in the games will
remain the same in each round, but the payoff to different actions may change, so please
pay careful attention to the payoffs in each round. At the end of the experiment, you will
be privately paid for one randomly selected round from the entire experiment.

At the beginning of the experiment you will be randomly assigned to the role of either
Player 1 or Player 2, and your role will not change throughout the experiment. In each
round you will be randomly matched with another person in the room to play the game.

Prior to the start of each round, Player 2 will have the option to send messages to
Player 1 (maximum 140 characters). Player 2 may say anything that he or she wishes in
this messages, with one exception: no one is allowed to identify him or herself by name or
number or gender or appearance. Violations of this rule may result in the loss of Player 2’s
payment for that part of the experiment (experimenter discretion). In that case the paired
Player 1 will receive the average amount received by other Player 1’s in this session.

Please raise your hand now if you have any questions. Select Continue when you are
ready.

The game consists of three stages. The picture below may help and will be shown in each
round. Payoffs will change in each round, so please familiarize yourself with the picture.
Player 1’s payoffs are listed above Player 2’s payoffs. The game proceeds as follows:

• Player 1 goes first and must decide between A and B.

– If A is chosen, the game ends and both players receive $5.

– If B is chosen, the game proceeds to stage 2.

• If Player 1 chooses B, Player 2 must decide between C and D.

– If C is chosen, the game ends with payoffs specified for that round.
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– If D is chosen, Player 1 will make another decision.

• If Player 2 chooses D, Player 1 will decide between E and F.

– If E is chosen, the game ends and both players receive $0.

– If F is chosen, the game ends with payoffs specified for that round.

Please raise your hand now if you have any questions. Select Continue when you are
ready.

In each game you will be asked to guess how likely it is that certain events (decisions made
by you or the other player) will happen. Your response is very important to our research.
You will be asked to state the percent chance that each event will happen. You may select
any number between 0 and 100, with the number you select indicating the likelihood of the
event occurring (100 = certain the event will happen, 0 = certain the event will not happen).
You will be rewarded with $5 for answering these questions. You have an option to choose
to pledge to answer the guessing questions to the best of your knowledge by checking the
box below:

2 By checking this box, I pledge that I will answer all guessing questions to
the best of my knowledge.

Please raise your hand now if you have any questions. Select Continue when you are
ready.

Part II Instructions

Thank you for completing the first part of the experiment. In the second part of the
experiment your assigned role will not change. The second part of the experiment is like the
first part, with one change: no messages will be exchanged. As before, this part consists of
multiple rounds. In each round you will be randomly matched with another person in the
room to play the game.

The only difference from the first part is that no messages will be exchanged for the
second part of the experiment.

Please raise your hand now if you have any questions. Select Continue when you are
ready.
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As before, the game consists of three stages. The picture below may help and will be
shown in each round. Payoffs will change in each round, so please familiarize yourself with
the picture. Player 1’s payoffs are listed above Player2’s payoff. The game proceeds as
follows:

• Player 1 goes first and must decide between A and B.

– If A is chosen, the game ends and both players receive $5.

– If B is chosen, the game proceeds to stage 2.

• If Player 1 chooses B, Player 2 must decide between C and D.

– If C is chosen, the game ends with payoffs specified for that round.

– If D is chosen, Player 1 will make another decision.

• If Player 2 chooses D, Player 1 will decide between E and F.

– If E is chosen, the game ends and both players receive $0.

– If F is chosen, the game ends with payoffs specified for that round.

Please raise your hand now if you have any questions. Select Continue when you are ready.
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B Supplementary Tables and Figures

Supplementary Table 1. The Effect of Promises on Outcomes (communication treatment
only).

Out Cooperation Rejection Acceptance Total
(Out) (In,Share) ((In,Reject);Take) ((In, Accept);Take)

Promises
22 283 10 5 320

6.88% 88.44% 3.12% 1.56% 100.00%
66.67% 33.33% 100.00%

Non-Promises
173 318 72 117 680

25.44% 46.76% 10.59% 17.21% 100.00%
38.10% 61.90% 100.00%

Total
195 601 82 122 1000

19.50% 60.10% 8.20% 12.20% 100.00%
40.20% 59.80% 100.00%

Note: Row 1: number of observations; row 2: percent of total observations; row 3: percent of
observations that reach the third stage.
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Supplementary Table 2. Sample Messages. The full list of messages will be made available
after publication.

Message Content Promise? Outcome

1
Considering some irrational guys, I will stop at C for get money not
for angry

Yes Share

2
If I were you I will stop at A. If you choose E, I would consider you
as an irrational guys. You can be nice or not

No Share

3
If you choose B, then I will choose C. Cross my heart and swear to
die. :)

Yes Reject

4 Have yourself a merry little Christmas No Accept

5
Hi, I hope you have a good rest of the day. Thanks for participating
in this research.

No Accept

6
hello love. Choose B and lets both make more money!!! i promise i’lll
pick C

Yes Reject

7
if you choose B, i’ll choose C (you’ll be making the same amount but
also helping me–ut prosim amiright?)

Yes Share

8
Hello, I am a poor, broke, college student, plz be reasonable and
considerate and generous

No Out

9 In my opinion, pineapple is a pretty good topping on pizza. No Accept

10 Thanks for choosing F No Out

11
Hokies play UVA in baseball today at 5:30 at home. Pick B and I’ll
choose C. Go Hokies!!

Yes Share

12 Hello! I hope you’re having a wonderful day :) No Reject

13
Don’t YAWN if you yawn I am gonna pick C. If you do not YAWN I
am probably gonna pick C... End of story, you may YAWN and I am
gonna pick C

Yes Share

14
If there was a meme or gif that could convey to you that I was picking
C, I would send it to you 13 times not 17 because I want 13

Yes Share

15
i know there is no way in hell we’re making it to F so if you hook me
up by picking B I will choose C

Yes Share
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Supplementary Figure 1. Reported Plan Predicts Own Behaviors.
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Supplementary Figure 2. Cooperation Rate by Communication and Promises.
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