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Abstract

We study the effect of communication on deterrence and costly punishment. We
show that a theoretical model of belief-dependent anger captures the relationship be-
tween messages, beliefs, and behavior and implies that threats can generate credible
commitments. We test our model in a between-subjects experiment with belief elici-
tation where one-sided communication is available as a treatment. The evidence sup-
ports the theory, demonstrating that communicated threats change beliefs and payoff
expectations and lead to greater rates of costly punishment. Threats successfully deter
co-players from exploiting the strategic environment to their advantage.
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1 Introduction

Threats are communicated conditional plans to cause harm or loss to another person.
In game theoretic analyses, threats that are too costly to carry out are typically judged to
be non-credible according to behavioral concepts such as sequential rationality. In addition,
communication is ancillary to traditional strategic analyses of one-shot games with unique
equilibria. In these environments behavior is determined by the costs and benefits of actions,
so communicated threats are judged to be “cheap talk” that cannot influence behavior.

However, explicit threats are common in everyday life. Psychological studies have shown
that expressing threats is essential to human bargaining situations, and there is a psycho-
logical tendency to use threats when available (Deutsch and Krauss, 1960). Threats are a
commonplace aspect of politics and international diplomacy (e.g. Huth and Russett, 1984;
Guzzini, 2013). For example, President Trump threatened to shut down the federal gov-
ernment twice during his first Presidential term, and he followed through his threats both
times. Many of the work in early game theory on bargaining and negociation centered on
the analysis of threats and the role of deterrence (e.g. Schelling, 1956, 1958; Smith and Price,
1973). In addition, animals often settle disputes through threat displays rather than resort-
ing to violence as well (Manning and Dawkins, 1998; Bradbury and Vehrencamp, 1998). The
prevalence of threats in social, psychological, economic, and political life suggests that they
are central to the analysis of strategic interaction, yet the mechanism through which explicit,
communicated threats might work is not well understood.

In this paper we argue that explicit threats can shape strategic outcomes when decision-
makers are prone to anger. Anger is one of the five basic emotions (Ekman, 1992), and
all healthy humans experience anger (Averill, 1983, 2012). We build upon the model of
frustration and anger of Battigalli, Dufwenberg, and Smith (2018) (BDS), which formalizes
the idea that frustration builds up from goal blockage and diminished payoff expectations,
and motivates aggression (Dollard et al., 1939; Berkowitz, 1989). Because the behavior of
anger-prone players is belief-dependent, communication can affect strategic outcomes to the
extent that it changes expectations about behavior. In contrast to the predictions of models
that focus solely on material payoffs, explicit threats now change beliefs about outcomes, and
anger-prone players are more willing to engage in costly punishment when behavior deviates
from expectations and leads to frustration cumulation. With belief-dependent motivations,
threats gain strong commitment power, and therefore, they can serve to deter opportunistic
behavior (e.g. entry into a market, renegotiating a contract, developing nuclear weapons) in
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situations where via traditional analyses such messages would be deemed non-credible. The
belief-dependent frustration and anger model provides a plausible explanation to every-day
phenomenon involving threats.

We design an experiment using a two-person, two-stage deterrence game to examine
the relationship between communicated threats and deterrence. This game shares the same
strategic structure as the chain-store game (Selten, 1978) and the ultimatum minigame (Gale
et al., 1995).1 In stage one of the deterrence game, the first mover (P1) proposes either a
fair split (which is automatically accepted) or a greedy one. If P1 grabs the larger share,
then in stage two, the second mover (P2) has the option to punish the opponent, so that
the initial endowment vanishes. As a treatment, we allow free-form messages from P2 to
P1. To address our concern that players might not feel it appropriate to send threats if they
are not provoked, we also study a three-stage variation of this game (staggered entry game)
where P1 must choose the greedy offer twice, and in the communication treatment of this
staggered entry game, P2 sends messages only after P1’s first greedy offer. In traditional
analyses of both of these games, messages from P2 should have no impact on behavior, since
self-interested players will treat any communicated threats as cheap talk. To test the belief-
dependent motivation, both players’ 1st order beliefs about themselves and their opponents
are elicited. In the communication treatment, all beliefs are elicited once before receiving
messages and once after receiving messages; therefore, we can observe directly the influence
of communication on reported beliefs.

A few studies have tested BDS’ frustration-anger model with experiments. Persson (2018)
finds that individuals react to unexpected material losses emotionally, but not behaviorally.
Instead, his results are consistent with versions of the theory that modulate anger with blame.
Aina et al. (2018) test the frustration-anger model in an ultimatum minigame via both the
direct response (emotion relevant) and the strategy method (emotion irrelevant). Consistent
with the theory they find that individuals punish with high initial expectations in the direct
response condition but not using the strategy method. They also find gender differences that
females are more consistent with belief-dependent motivations than males. In a companion
paper to this one (Dufwenberg et al., 2018), we study the relationship between promises and
costly punishment. The results in that paper are consistent with the belief-dependent notion
that promises lead to cooperation and broken promises lead to costly punishment.

A large literature in economics studies communication in strategic environments (e.g.
1For a thorough literature review covering experiments using ultimatum games, see Güth and Kocher

(2014).
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Crawford and Sobel, 1982; Crawford, 1998; Charness and Dufwenberg, 2006; Balliet, 2010),
but only a few experiments study communicated threats and deterrence. Rankin (2003) stud-
ied communication in ultimatum games, where responders could make a non-binding and
non-freeform request to the proposer. Rankin (2003) found that not only did proposers in-
crease the amount of offers when responders requested higher amount (analogous to threats),
but also responders rejected more often when they were allowed to request. Croson et al.
(2003) examined both deception and threats in ultimatum games. Croson et al.’s results
showed that responders who threatened to reject low offers received higher offers, and they
were more likely to reject the low offers. Masclet et al. (2013) examined threats and punish-
ment in public goods game where in one treatment, non-binding and non-freeform threats
were allowed. They found that threats significantly increased contributions though their
effectiveness diminished with repetition. García et al. (2015) studied threats in a sequential
hawk-dove game experiment. They found that when the game is played repeatedly, players
learned that threats not only can work in their benefit, but the success of deterrence is also
related to the threat’s credibility.

One closely related work, Ellingsen and Johannesson (2004) studies promises and threats
in a hold-up experiment. They find that individuals tend to keep their promises, but that
they tend not follow through on threats. Ellingsen and Johannesson test the effectiveness of
both promises and threats (separately); however, they did not elicit beliefs, and they have
only a few data points. They observe a total of 9 threats, of which 5 were actionable. Of
the 5 actionable threats in their experiment, only a single one was actually followed through
by the participant. To explain their data they propose a behavioral model that combines
distributional preferences (Fehr and Schmidt, 1999) and preferences for consistency.

We describe the game structure used for the experiment and we briefly discuss the the-
oretical model of belief-dependent anger incorporate with explicit threats in Section 2. We
present the experiment design details, experiment procedure, and derived hypotheses in
Section 3. Section 4 presents results, and Section 5 concludes.
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2 Deterrence, Anger, and Threats

2.1 Deterrence Game

We focus on the deterrence game depicted in Figure 1, where the numbers and variables
at the end nodes denote monetary payoffs. The variables a and b take the following values:
0 < a < b < 20 and a+ 10 = b. Messages from P2 to P1 can be used to examine the role of
threats in a strategic environment. In stage 1, P1 can choose either Share to give a larger
share to P2 and end the game, or Grab to take a larger share for herself and let P2 make
the next decision. If the game continues to stage 2, P2 can either Accept the proposed offer,
or Punish the proposer and both players receive 0. The amount 20− b represents the cost of
punishment: it is the monetary amount that P2 must forgo to reduce P1’s payoff to 0 after
Grab.

P1

(a, 20− a)

Share

P2

(b, 20− b)

Accept

(0, 0)

Punish

Grab

Figure 1. Deterrence Game

Outcome (Grab;Accept) is monetarily advantageous for P1, and outcome (Share) is
monetarily advantageous for P2. Both players equally dislike outcome (Grab;Punish) mon-
etarily. When players care only for monetary payoffs, there is a unique subgame perfect
equilibrium (SPE): (Grab;Accept).
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2.2 Frustration and Anger

With either self-interested or distributional preferences (Fehr and Schmidt, 1999; Bolton
and Ockenfels, 2000), communication cannot affect behavior in games with unique SPEs.
However, if costly punishment is belief-dependent, then messages can influence behavior by
changing expectations. BDS propose 3 different versions of a belief-dependent frustration-
anger model: 1) Simple anger (SA), 2) Anger from blaming behavior (ABB), and 3) Anger
from blaming intentions (ABI). SA models anger where the tendency to hurt others is pro-
portional to frustration, formalizing the frustration-aggression hypothesis from psychology
(Dollard et al., 1939; Berkowitz, 1989). ABB adds a simple notion of blame to SA, where
players can only be blamed if their actions cause frustration. In two-player games, SA and
ABB’s predictions coincide. With ABI, players only blame others who intend to frustrate
them, and so this approach relies upon higher-order beliefs. In this paper, we focus on
SA/ABB.

In the belief-dependent frustration-anger model, anger is motivated by frustration. A
player is frustrated if her initial payoff expectation is not met (goal blockage). Frustration
is expressed as the positive difference between the initial expected material payoff and the
current best possible outcome, given beliefs. For example, in the game depicted in Figure 1,
if P2 assigns positive probability to P1 choosing Share, but the game reaches Stage 2, then
P2 will experience frustration. At any history h, P2’s frustration is

F2(h;α2) =

[
π̄2(h0)− max

a2∈A2(h)
E[π2|h;α2]

]+
, (1)

where π̄2(h0) = E[π2|h0;α2] denotes P2’s initial expectation (at h0) given her initial set
of beliefs α2. The expression maxa2∈A2(h) E[π2|h;α2] denotes the maximum possible expected
payoff available to P2 at the history h, where a2 ∈ A2(h) represents P2’s action choice at
the history h.

The SA version of the frustration-anger model assumes that P2’s utility from action a2
at history h is

uSA2 (h, a2;α2) = E[π2|(h, a2);α2]− θ2F2(h;α2)E[π1|(h, a2);α2], (2)

where θ2 > 0 denotes P2’s anger sensitivity parameter. If one is frustrated, her utility
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consists of both material payoff and a disutility from being frustrated. Frustration increases
the negative weight put on the other player’s material payoff. Therefore, a frustrated indi-
vidual tends to hurt the other player if the cost is low enough.

In the deterrence game defined in Figure 1, let the probability that P1 assigns to choosing
Grab be p1 = α1(Grab|h0) ∈ [0, 1]. Let q1 ∈ [0, 1] denotes the probability that P1 assigns to
P2 choosing Punish if stage 2 is realized, i.e. q1 = α1(Punish|Grab). We can also define
analogously a similar belief system (p2, q2) for P2. 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, and q.

The deterrence game has multiple psychological sequential equilibria (SE) depending on
P2’s anger sensitivity parameter θ2. For (Share;Punish) to be a SE, the correct beliefs
system is p = 0, q = 1. P2 initially expects 20− a, and experienced frustration equals b− a
if stage 2 is realized. Therefore, P2 will Punish the offer if θ2 > 20−b

(b−a)b . The unique SPE
(Grab;Accept) consists another SE. When P2 expects (Grab;Accept), her initial monetary
payoff is 20 − b. If P1 chooses Grab, P2 experiences 0 frustration. P2 chooses Accept with
all possible θ2.

2.3 Threats

To study threats, we allow communication as a treatment. In the experiment, P2 can
send a free-form message to P1 in communication treatment. There should be no difference in
behavior across treatments if agents are indeed self-interested as assumed in classic economics
with complete information, as message contents should be irrelevant to players’ decisions.
However, if players are motivated by expectations, communication could potentially influence
behavior.

With a message from P2 to P1 at the beginning of the game, we are able to observe how
P1 reacts to P2’s threats about Punish. An explicit threat looks like “if you choose Grab, I
will Punish.” If P2 fails to deter, and P1 chooses to Grab, we can then observe whether the
threats are credible, or alternatively, are bluffs.

Belief-dependent frustration and anger provides a plausible explanation of how com-
munication might influence behavior. In particular, if messages contain threats and affect
expectations, P1 is more likely to Share, and anger-prone threateners are more likely to
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Punish when deterrence fails.

3 Experiment

3.1 Design

We use a between-subject design where the treatment variable is pre-play communica-
tion.2 In the communication treatment, P2 is allowed to send a free-form message to P1,
while no message is allowed in the no-message treatment. Along with the benchmark de-
terrence game described in the previous section, we also study a three-stage staggered entry
game, shown in Figure 2(b). The only difference between the two games is that in the stag-
gered entry game P1 has to choose Grab and advance twice before P2 can make a decision.
In the message treatment, in contrast of the pre-play message in the deterrence game, P2
is able to send a message only if P1 chooses Grab in the first stage of the staggered entry
game. In the staggered entry games, P1’s Grab action in stage 1 can be seen as a negative
signal to challenge P2, and therefore,P2 is more likely to threat. In addition, the staggered
entry design allows us to observe P1’s response to a threat when comparing her choice in
stage 1 and 2.

P1

(a, 20− a)

Share
P2

(b, 20− b)

Accept

(0, 0)

Punish

Grab

P2

Message

(a) Deterrence Game with Message

P1

(a, 20− a)

Share
P1

(a, 20− a)

Share
P2

(b, 20− b)

Accept

(0, 0)

Punish

Grab

Grab

P2

Message

(b) Staggered Entry Game with Message

Figure 2. Game Structure

In the staggered entry game, we elicit beliefs using the variables m, p, and q, where
subscripts indicate the player holding the beliefs. Thus m1 = α1(Grab|h0) is the probability

2Dufwenberg et al. (2018) showed that communication effect is persistent throughout the whole session.
Therefore, we employ a between-subject design for communication treatment in this paper.
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P1 assigns to choosing Grab herself in stage 1, p1 = α1(Grab|Grab) is the probability P1
Grabs again in stage 2, and q1 = α1(Punish|Grab,Grab) is P1’s 1st order belief on P2’s
Punish choice. A similar belief system (m2, p2, q2) for P2 is defined analogously.

We vary the decision problem with different payoff structures in different periods, while
holding the strategic aspect of the game fixed so that b− a = 10, as in section 2. The payoff
structures are described in Table 1, where all the values are denoted in dollars. DG stands
for deterrence games, and SE represents staggered entry games. As the belief-dependent
frustration-anger model specifies the significance of timing issue, we implement a standard
direct-response method.3

Table 1. Game Variations

Game a 20-b
DG1 & SE1 9 1
DG2 & SE2 8 2
DG3 & SE3 7 3
DG4 & SE4 6 4
DG5 & SE5 5 5

3.2 Procedures

The experiment was programmed with z-Tree (Fischbacher, 2007) and conducted at the
Virginia Tech Economics Laboratory. We invited 7 to 10 pairs of participants per session.
Upon entering the laboratory and signing consent forms, participants were randomly assigned
to seats based on randomly drawing numbers. The experiment instructions are reproduced in
the Appendix. Instructions were presented to participants on their computer monitors, and
participants were also given paper copies of the instructions. At the start of the experiment
the experimenters read the instructions aloud. Player roles were assigned randomly and were
fixed throughout the session. Participants received feedback on both players’ choices after
each round.

Each session consisted of 20 rounds with stranger matching. Each session was divided
in to two blocks of 10 rounds. In each block, participants played all 10 variations of the
games (DG1-5 and SE1-5) in a random order. Individual level beliefs were elicited and

3See Brandts and Charness (2011) for evidence that results from strategy method are significantly different
from that of sequential play if the game involves costly punishment.
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were incentivized via a flat fee.4 Participants received $5 for reporting their beliefs. In the
deterrence games with no message, we elicited P1’s plan of choosing Grab (p1), P1’s 1st order
belief of P2 choosing Punish (q1) conditional on reaching 2nd stage, P2’s 1st order belief
about P1 choosing Grab (p2), and P2’s conditional plan of Punish (q2). All beliefs were
elicited at the beginning of the game. In message treatment, the same beliefs were elicited
twice, before and after P1 receiving the messages.

In the staggered entry games, P1 reported her own plan about choosing Grab (m1) in
stage 1, her own plan about choosing Grab (p1) in stage 2 conditional on reaching the stage,
and 1st order belief about P2’s conditional probability of choosing Punish (q1). P2 reported
1st order beliefs on 1st and 2nd stage conditionally (m2, p2), and her own plan of choosing
Punish (q2) conditional on reaching to the 3rd stage. In both the message and the no message
treatments, beliefs were measured twice, once at the beginning of the game, and once before
stage 2 if stage 2 was reached. The detailed experiment timeline is presented in Figure 3.

Beliefs P1 Move P2 Move

Beliefs Message Beliefs P1 Move P2 Move

Beliefs P1 Move Beliefs P1 Move P2 Move

Beliefs P1 Move Message Beliefs P1 Move P2 Move

No Message DG

Message DG

No Message SE

Message SE

Figure 3. Experiment Timeline

At the end of the experiment, one randomly selected round is realized for actual payment.
The final payment included $10 for showing up, $5 for belief elicitation, and amount of money
earned in the randomly selected round. Participants earned $23.68 total on average. At the
end of the decision task, the participants were asked to fill out a survey on their self-reported
anger ratings (second movers only), socioeconomic status, and selective questions about risk
preference and social preferences based upon the survey questions in the Global Preference
Survey of Falk et al. (2015). The data comprise 16 sessions of a total of 294 participants

4Other works employing this method include Toussaert (2018); Ameriks et al. (2007) and Dufwenberg
et al. (2018).
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(average of 18 participants per session). Half of the sessions were message treatment sessions,
with the remaining sessions being no message treatment sessions.

3.3 Hypotheses

We test several hypotheses derived from the frustration-anger model, regarding behavioral
outcomes and elicited beliefs.

Knowing that P2 is prone to anger, BDS implies that P1 believes that P2 will Punish
more often with threats. Therefore, we expect that P1 will Share more frequently when
receiving threats, compared to when receiving cheap talk.

Hypothesis 1. Threats lead to a higher rate of deterrence.

With P2 prone to anger, the frustration-anger model predicts that sending a threat should
increase the probability that P1 selects Share. When P2’s raised expectation is not met, P2
is more likely to Punish. We expect to observe more Punish outcomes with threats when
reaching to stage 2, relative to messages involving no threats (cheap talk).

Hypothesis 2. Threats lead to a higher rate of costly punishment.

We expect that P1 will report a lower probability to Grab (m1, p1), and a higher 1st order
belief about Punish (q1) after receiving a threat. P2 also reports a lower 1st order belief
about Grab (m2, p2), and a higher probability to Punish (q2) when sending a threat.

Hypothesis 3. Communication in the form of threats drives the effect of messages on beliefs.

As predicted by the frustration-anger model, we not only see that threats affect behavioral
outcomes, and threats drive changes in beliefs, but also we expect to detect a relationship
between threats, beliefs, and behavior.

Hypothesis 4. The effect of threats on behavior is belief-dependent.

BDS suggests that since threats impact expectations, threats can serve as a tool for
equilibrium selection. With threats, we hypothesize that we will observe a tendency for
more deterrent outcomes.

Hypothesis 5. Players eventually reach to one of the two Sequential Equilibrium ({Share, Punish}
and {Grab;Accept}). Threats select {Share;Punish} to be reached more often.
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4 Results

This section is organized as follows: Section 4.1 summarizes the overall behavioral results
on treatment effect. We focus on analysis of communication treatment effect on cooperation
and costly punishment. Section 4.2 presents results on threats vs. cheap talk. In Section
4.2, we conduct non-parametric and regression analyses to test Hypothesis 1 and 2. Section
4.3 tests Hypothesis 3 and 4 regarding participants belief-dependent motivations.

4.1 The Effect of Communication on Cooperation & Costly Pun-

ishment

Overall, we find that communication has a strong deterrence effect. Table 2 summarizes
the outcomes of each game using session-level averages. First, when communication is not
allowed, P2 chooses Punish 30.25% of the time. Second, there is an obvious difference
in behavior between the communication and no communication treatment, indicating that
messages are not just “cheap talk.” Comparing the two treatments, we observe a substantial
increase in the aggregated Share outcomes (58.20% vs. 40.76%, 1-sided Fisher’s exact, p <
.001) when messages are allowed. The effect of communication treatment is also apparent
when looking at individual games. For both the deterrence and the staggered entry games,
the Share rate is significantly higher with communication, confirmed with the Wilcoxon
ranksum tests reported in Table 2. This result is also illustrated in Figure 4(a), with the
vertical bar representing the 95% confidence interval.

(a) P1’s Share Rate (b) P2’s Punish Rate

Figure 4. Outcome Summary with Communication Treatment Effect
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Table 2. Communication Treatment Effect on Behavior

P1’s Share Rate P2’s Punish Rate
DG No Com Com p-value No Com Com p-value
DG1 68.06% 85.33% 0.010 65.22% 50.00% 0.634
DG2 65.28% 74.67% 0.091 48.00% 50.00% 0.627
DG3 35.42% 63.33% 0.006 37.63% 30.91% 0.226
DG4 13.89% 35.33% 0.004 23.39% 23.71% 0.833
DG5 8.33% 25.33% 0.002 8.33% 19.64% 0.109

SE No Com Com p-value No Com Com p-value
SE1 77.78% 90.00% 0.005 68.75% 46.67% 0.663
SE2 61.11% 81.33% 0.010 53.57% 39.29% 0.268
SE3 43.06% 62.67% 0.031 36.59% 41.07% 0.833
SE4 22.92% 40.00% 0.013 22.52% 37.78% 0.156
SE5 11.81% 24.00% 0.004 17.32% 20.18% 0.207

All 40.76% 58.20% 0.001 30.25% 30.30% 0.466

Note: p-values are obtained from session level averages using Wilcoxon ranksum (Mann-Whitney) tests.
Games are defined by the “Payoff from Accept”, so that e.g. DG1 represents a deterrence game where
the Payoff from Accept equals 1 for P2.

At first glance the communication treatment does not seem to have an effect on P2’s
Accept vs. Punish choices, as shown in Table 2. When focusing only on P2’s behavior in
the last stage, we notice a slightly higher but non-significant Punish rate in communication
treatment (30.30% vs. 30.25%, 1-sided Fisher’s exact, p = .513). When looking at each
of the 10 games separately, we see no significant difference from Wilcoxon ranksum tests
comparing individual games. The results are also graphically represented in Figure 4(b).
We see roughly the same Punish rate in both treatments in the deterrence and the staggered
entry games. Although we do not see a clear difference in P2’s Punish behavior comparing the
different treatments, we cannot simply conclude that communication impacts only P1 and not
P2. Dufwenberg et al. (2018) show that there can be some selection bias when individuals
play sequential games involving costly punishment using the direct response method. In
order to draw conclusions about the factors determining the decision to choose Punish, we
investigate the communication treatment effect further using players’ self-reported plans as
an indicator/proxy for their actual behavior, allowing us to examine what P2 plans to do in
the last stage of every game played.

We perform linear probability regressions for players’ choices and linear regressions for
players’ plans. Since the communication treatment is implemented at the session level (be-
tween subjects) we report the results from linear regressions that pool the data for a given
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Table 3. Regression Results – The Effect of Communication on P1’s Share Choice and Plan

P1’s Share Choice P1’s Share Plan

A B C D
coef / se coef / se coef / se coef / se

Payoff from Accept -0.169*** -0.169*** -0.089*** -0.089***
(0.007) (0.005) (0.007) (0.005)

Staggered Entry 0.041* 0.041** -0.050** -0.050***
(0.022) (0.017) (0.019) (0.013)

Communication 0.171*** 0.180***
(0.017) (0.013)

Constant 0.984*** 0.899*** 0.739*** 0.649***
(0.027) (0.026) (0.025) (0.019)

Observations 160 160 160 160
AIC -172.304 -246.877 -217.097 -345.702
BIC -163.079 -234.576 -207.872 -333.401

* p < 0.1, ** p < 0.05, *** p < 0.01. Standard errors in parentheses.
Note: We ran linear probability regressions for P1’s Share Choice and linear regressions for P1’s Share
Plan. Data for each game are aggregated at the session level.

Table 4. Regression results – The Effect of Communication on P2’s Punish Choice and
Plan

P2’s Punish Choice P2’s Punish Plan

A B C D
coef / se coef / se coef / se coef / se

Payoff from Accept -0.105*** -0.105*** -0.086*** -0.086***
(0.014) (0.014) (0.007) (0.007)

Staggered Entry 0.034 0.034 0.034* 0.034*
(0.035) (0.035) (0.020) (0.020)

Communication -0.016 0.056***
(0.035) (0.020)

Constant 0.674*** 0.683*** 0.676*** 0.648***
(0.058) (0.055) (0.029) (0.031)

Observations 160 160 160 160
AIC -22.534 -20.756 -197.084 -202.852
BIC -13.308 -8.455 -187.858 -190.551

* p < 0.1, ** p < 0.05, *** p < 0.01. Standard errors in parentheses.
Note: We ran linear probability regressions for P2’s Punish Choice and linear regressions for P2’s Punish
Plan. Data for each game are aggregated at the session level.
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game at the session level. In the regressions, we use “Payoff from Accept” (20-b) and the
indicator variable “Staggered Entry” to control for each individual games. Indicator variable
“Communication” tests for communication treatment effect. Consistent with previous non-
parametric results, when regressing P1’s Share choice (Table 3), communication increases
Share rate significantly, and when regressing P2’s Punish choice (Table 4) , communication
does not seem to affect Punish rate.

In practice plans are good predictors of their subsequent choices. The correlation between
P1’s plan and choice is 0.6851 (p < .001), and the correlation between P2’s plan and choice
is 0.7332 (p < .001). In addition, the quality of the reported beliefs is demonstrated in
Figures 16 & 17 (in Appendix), where we plot nonparametric estimates of Receiver Operating
Characteristic (ROC) curves that measure how well players’ reported beliefs predict their
behaviors. We find that players’ reported beliefs and plans are very accurate predictors of
behavior, and that the areas under the ROC curves are all well above 0.80 (probability that
Players’ reported beliefs represents their final choices). Since players’ plans are elicited once
at the beginning of the game, there is no selection bias for plans.

When we look at linear regressions where the dependent variable is the players’ plan, we
detect a stronger effect of communication. Communication significantly affects both P1’s
Share and P2’s Punish decisions. In addition, the coefficient on “Staggered Entry” becomes
marginally significant. P2 reports that she is more likely to choose Punish in the staggered
entry games.

Another notable observation is that in terms of material payoffs, communication helps
P2 (the message sender) to increase payoffs, but hurts P1 (the message receiver) as demon-
strated in Figure 5. In total, communication helps to increase welfare (P1’s and P2’s payoffs
combined) by $1.05 (1-sided Fisher’s exact, p < .001).
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Figure 5. Payoff Distribution

4.2 The Credibility of Threats

To examine the effect of message contents on behavior (Hypotheses 1 and 2), we manually
categorize the messages as either threats, or cheap talk. We define threats as messages
that convey the intention to punish the opponents. For example, threats share the similar
pattern of “If you choose Grab, I will Punish.” We define cheap talk as messages that are
not threats. Those messages are not necessarily meaningless in our strategic environment,
but we categorize them as cheap talk since they are not relevant to the study of threats.

Figure 6 shows that the use of threats increases over rounds before leveling off around
the middle of the experiment. There is a surprisingly high frequency of threats in the
communication sessions: When P2 is allowed to send a message to P1, 54.24% of the messages
include threats. P2 sends fractionally more threats in the staggered entry games than in the
deterrence games (55.29% vs. 53.47%). However, the difference is not statistically significant
(1-sided Fisher’s exact, p = 0.274).

For the analysis of threats we focus on the data from the communication treatment.
As presented in Table 5, in the deterrence games, when P1 receives a message, P1 Shares
with a higher probability when she receives a threat compared to when she receives cheap
talk (65.84% vs. 46.42%, 1-sided Fisher’s exact, p < .001). We note a similar result for the
staggered entry games. There is a higher Share rate with threats, and a lower Share rate with

15



Table 5. The Effect of Threats on Behavior

Deterrence Game Share Accept Punish Total

Cheap Talk
162 154 33 349

46.42% 44.13% 9.46% 100%
82.35% 17.65% 100%

Threats
264 78 59 401

65.84% 19.45% 14.71% 100%
56.93% 43.07% 100%

Total
426 232 92 750

56.80% 30.93% 12.27% 100%
71.60% 28.40% 100%

Staggered Entry Share Share (2nd) Accept Punish Total

Cheap Talk
193 85 126 38 442

43.67% 19.23% 28.51% 8.60% 100%
76.83% 23.17% 100%

Threats
0 169 79 60 308
0% 54.87% 25.65% 19.48% 100%

56.83% 43.17% 100%

Total
193 254 205 98 750

25.73% 33.87% 27.33% 13.07% 100%
67.66% 32.34% 100%

Note: Each data entry consists three values: 1) Frequency of the outcome, 2) Proportion of the
outcome, and 3) Outcome distribution in the last stage.

cheap talk (54.87% vs. 34.14%, 1-sided Fisher’s exact, p < .001). We are especially careful
when analyzing the staggered entry games data, since 25.73% of the games end at stage 1,
before P2 has a chance to send a message. In Table 5 we conservatively categorize these
games as involving cheap talk; however, we do not actually know the potential messages.
Therefore, when analyzing Share rate for threats and cheap talk, we treat those games as
missing values.

The above results are consistent with Hypothesis 1, that threats result in a higher Share
rate in both games. These results are graphically presented in Figure 7(a), with the vertical
bars representing the 95% confidence intervals.

To test Hypothesis 2, we examine P2’s behavior with both threats and cheap talk. Table
5 demonstrates that for the deterrence games, the conditional Punish rate is significantly
higher with threats (43.07% vs. 17.65%, 1-sided Fisher’s exact, p < .001). The same result
holds for the staggered entry games (43.17% vs. 23.17%, 1-sided Fisher’s exact, p < .001).
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Figure 7(b) demonstrates that P2 Punishs more often when sending a threat instead of
sending cheap talk. This is consistent with our Hypothesis 2 and the frustration-anger
model, that P2 is more likely to engage in costly punishment when threats are made.

Using only the communication data, we examine the effect of threats on behavior with
subject level fixed effect logistic regressions in Table 6. “Payoff from Accept” and the indicator
variable “Staggered Entry” are used to control for individual games, and “Period” is used to
control for extent of time. Regression models B and D show that threats are associated with
an increase in the rate of both Share and Punish choices. In addition, we observe in these
regression analyses that our staggered entry procedure produces higher rates of both Share
and Punish choices.
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(a) P1’s Share Rate (b) P2’s Punish Rate

Figure 7. Outcome Summary Comparing Threats vs. Cheap Talk

Table 6. Logistic Regressions – Effect of Threats on Players’ Behavior

P1’s Share Choice P2’s Punish Choice

A B C D
coef / se coef / se coef / se coef / se

Payoff from Accept -0.859*** -0.872*** -0.475*** -0.523***
(0.052) (0.054) (0.054) (0.067)

Staggered Entry 0.134* 0.179** 0.229** 0.214*
(0.077) (0.082) (0.112) (0.124)

Period 0.050*** 0.044*** 0.036 0.013
(0.007) (0.006) (0.024) (0.023)

Threats 0.418*** 1.230***
(0.161) (0.237)

Observations 1500 1500 627 627
AIC 1546.424 1537.484 640.517 607.180
BIC 1562.363 1558.737 653.840 624.944
Subject controls Yes Yes Yes Yes

* p < 0.1, ** p < 0.05, *** p < 0.01. Standard errors in parentheses.
Note: Coef.: Coefficient. SE: standard error. Standard errors are clustered at the session level.
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4.3 Threats and Belief-Dependent Anger

Motivated by the theoretical modeling of BDS, we hypothesized that messages containing
threats would drive changes in beliefs and expectations (Hypothesis 3) and that threats
would work through the mechanism of belief-dependent frustration and anger to generate
a self-fulfilling effect on behavior (Hypothesis 4). To test Hypothesis 3, we investigate the
relationship between players’ reported beliefs and the content of the messages. In addition,
we examine the relationship between players’ reported beliefs and their actual behavior to
test Hypothesis 4.

During the experiment we elicited a rich set of beliefs and plans for both players. Before
the game is played, we measured probabilistic first-order beliefs about players’ own actions
(their plans) and about their co-player’s behavior at each history. In the communication
treatment, we also measured beliefs both before and after messages were received. In this
section we exploit this data to study the relationship between messages and player’s belief-
dependent motivations.

Table 7 presents summary statistics for self-reported beliefs (both players’ beliefs about
Share and Punish) recorded after messages are received, and Figures 18 and 19 (in the
Appendix) present the histograms of these beliefs. These data are most likely to capture the
beliefs participants held when choosing actions, and as discussed in Section 4.1, self-reported
beliefs and plans are good predictors of participant behavior (see Figures 16 & 17 in the
Appendix for ROC analyses).

For both players and for both types of games, the effect of communication on reported be-
liefs is driven by the messages containing threats (Figures 8 & 9), consistent with Hypothesis
3.

We first examine the effect of threats on P1’s beliefs and plans. Because we elicit beliefs
both before and after P1 receives messages, we can directly detect the change in reported
beliefs caused by receiving the messages. In the deterrence games, we see a significant
increase in P1’s reported probability of choosing Share when receiving a threat, but we
observe no such change with cheap talk (Figure 8(a)). In the staggered entry games we
notice a similar result. In addition, when P1 receives a cheap-talk message, we detect a
statistically significant decrease in the self-reported probability of choosing Share, suggesting
that P1 anticipates receiving threats and that she is more likely to engage in opportunistic
behavior if she does not receive a threat.
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Table 7. Summary Statistics – Reported Beliefs

No Communication Communication TotalDG SE DG SE
P1’s Plan re: Share 720 513 750 557 2540

0.396 0.293 0.549 0.499 0.443
(0.342) (0.278) (0.353) (0.346) (0.347)

P1’s Belief re: Punish 720 513 750 557 2540
0.408 0.407 0.601 0.575 0.501
(0.329) (0.315) (0.343) (0.338) (0.344)

P2’s Belief re: Share 720 513 750 557 2540
0.308 0.190 0.445 0.385 0.342
(0.245) (0.237) (0.278) (0.295) (0.281)

P2’s Plan re: Punish 720 513 750 557 2540
0.381 0.394 0.453 0.450 0.420
(0.400) (0.418) (0.443) (0.447) (0.428)

Note: Each data entry contains 1) number of observation, 2) mean, and 3) standard deviation in paren-
theses. Only beliefs of interests are presented. All beliefs presented in communication treatment are
elicited after sending/receiving the message. Beliefs on Share in the staggered entry games present only
second stage beliefs.

(a) P1’s Plan about Share (b) P1’s Belief about Punish

Figure 8. P1’s Reported Beliefs

We note a similar pattern in P1’s reported 1st order beliefs about P2’s Punish choices.
Figure 8(b) shows that P1s’ reported 1st order belief about Punish increases with threats but
stays roughly the same with cheap talk in the deterrence game. But in the staggered entry
games, P1 believes that P2’s Punish rate is increasing with threats, but is decreasing with
cheap talk. Therefore, when receiving threats, P1 is more likely to Share, and she believes
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that P2 is more likely to follow through on the threats.

Figure 9. P2’s Reported Beliefs

Figure 9 demonstrates that on average, P2 reports a higher 1st order belief about Share,
and a higher probability to choose Punish when messages include threats, in both deterrence
and staggered entry games. This indicates that with threats, P2 believes that P1 is more
likely to Share (successful deterrence), and P2 is more likely to punish and follow through
on her own threats when game reaches the last stage. The above results are supportive of
our Hypothesis 3.

We also run logistic regressions to test Hypothesis 4, focusing on whether participants’ 1st
order beliefs are associated with P1’s choice between Share and Grab and P2’s choice between
Punish and Accept. In Table 8, we run separate logistic regressions on the full sample, the no
communication treatment sample, and the communication treatment sample with subject
level control to illustrate the relationship between P1’s reported beliefs and P1’s choice of
Share. In all three samples, when controlling for individual games (“Payoff from Accept”
and “Staggered Entry”) and experience (“Period”), we see that both P1’s belief about Punish
and plan to Share is positively associated with P1’s Share choice. For the communication
treatment sample, comparing Table 6 regression model B to Table 8 regression model H, the
effect of threats diminishes after adding P1’s 1st order belief about Punish. These results
imply that although we observe behavioral differences between threats and cheap talk, the
behavioral results are driven by beliefs. The result is even stronger when looking at Table
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8 model I. After controlling for both P1’s belief and plan, the effect of threats is no longer
statistically significant. This result is consistent with Hypothesis 4.

Table 9 presents logistic regressions with subject level controls in order to illustrate the
relationship between P2’s reported beliefs and P2’s choice of Punish. We study this rela-
tionship again on three samples: the full sample, the no communication treatment sample,
and the communication treatment sample. As in Table 8, we control for individual games
and experience. In regression models B, E, and G, we note that P2’s 1st order belief about
Share is positively associated with P2’s probability of choosing Punish. Even after control-
ling for “Threats” (model H) in the communication treatment sample, P2’s 1st order belief
about Share shows a strong association with Punish decisions. We note that, at the time of
choice, this belief is not consequential with either self-interested or distributional preferences.
Therefore, both beliefs and the contents of the messages affect P2’s decisions. Finally, if we
include P2’s plan about Punish (models C, F, and I), we find that P2’s plan is significant
and the effect of P2’s 1st order beliefs and threats disappeared. This provides further ev-
idence that P2’s plan about Punish predicts P2’s actual Punish choice well, and that it is
reasonable to treat P2’s plan as a close proxy for P2’s choice.
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4.4 Sequential Equilibrium Selection

In Figure 10, we see a pattern for convergence in either of the Sequencial Equilibrium
({Share;Punish} and {Grab;Accept}). In addition, we see a equilibiurm selection over
{Share;Punish} as well. The non-equilibrium outcome Punish happens least frequent;
15.24% of the games end with Punish, with no notable change in rate throughout the experi-
ment. Figure 10 shows that roughly same amount of games starts with either Share or Accept
outcomes, but towards the end of the experiment, there are more games end with Share com-
pared to Accept (last 5 periods: 1-sided Fisher’s exact p < .001; last period: 1-sided Fisher’s
exact p < .001). In addition, Share outcomes increase throughout the experiment (first vs.
last 5 periods: 41.09% vs. 59.59%, ranksum p < .001; first vs. last period: 47.625% vs.
61.22%, ranksum p = .019). Whereas, Accept outcomes decrease thoughout the experiment
(first vs. last 5 periods: 44.35% vs. 26.67%, ranksum p < .001; first vs. last period: 43.54%
vs. 25.17%, ranksum p < .001).
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Figure 10. Equilibrium Convergence

pool every 5 rounds, to see change in outcome distributions and beliefs, last 5 rounds
with low Punish outcome (beliefs). Want to check on threats vs. cheap talk as well.
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Figure 11. Equilibrium Convergence

5 Conclusion

In this paper, we study the relationship between threats, credibility, and costly punish-
ment, deriving theoretical predictions from the model of belief-dependent anger of Battigalli
et al. (2017). When combined with the notion that communicated messages influence beliefs,
our model implies that threats will be self-fulfilling. When threats are disregarded, frustra-
tion and the propensity to engage in costly punishment (aggression) increases. Knowing
this, message recipients deem threats credible.

In our deterrence experiments the content of messages drives the effect of communication.
Threats successfully deter first movers, and second movers tend to follow through on their
threats when they are disregarded. We also find that belief changes mediate the effect of
communication on behavior. Threats change beliefs, while other messages have no effect.
These results are consistent with the idea that threats, beliefs, and behavioral outcomes are
linked through the mechanism of belief-dependent frustration and anger.
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Appendices

A Self-Reported Anger

After the experiment concludes, we elicited self-reported measures of anger from partici-
pants assigned the role of Player 2. We are able to examine whether an individuals’ level of
anger is correlated with their behavior. Various studies have shown that the ultimatum game
induces negative emotions especially anger (e.g. Xiao and Houser, 2005; Grecucci et al., 2013;
Güth and Kocher, 2014). In the survey, P2 reports anger on a scale from 0 (not angry at all)
to 10 (very angry) in 3 different strategic scenarios: 1) If P1 chose Grab in the deterrence
games, 2) If P1 chose Grab in the 1st stage of the staggered entry games, and 3) If P1 chose
Grab in the 2nd stage of the staggered entry games. Questions 1-3 in Supplementary Table
10 include the working of these questions. On average P2 reports some degree of anger in
all three scenarios (DG: mean 4.60 sd 2.92, SE 1st: mean 3.19 sd 2.80, SE 2nd: mean 5.39
sd 3.20).

Supplementary Figure 12. Greater Anger with Higher Punish Rate

In Supplementary Figure 12, We compare participants who report anger ratings above 5
to those who report ratings below or equal to 5. We find that P2s who report high anger
Punish more often in all three scenarios (Wilcoxon ranksum: DG p-value = .039, SE 1st
p-value = .012, SE 2nd p-value = 0.001). We also note that when opponents choose Grab on
the 2nd stage, individuals report higher anger ratings, compared to when opponents choose
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Grab on the 1st stage in the staggered entry games (1 sided t-test p-value < .001). P2’s
anger builds up with opponent’s Grab actions, and this might be the reason why P2 is more
likely to Punish in the staggered entry games than in the deterrence games.

Supplementary Figure 13. Greater Anger at Disregarded Threats

When the game reaches the last stage, P2 is equally angry with or without communication
(Wilcoxon ranksum: DG p-value = .487, SE p-value = .363). However, depending on the
contents of the messages, Player 2 reports different levels of anger with threats and cheap
talk. In Supplementary Figure 13, when the game reaches the last stage Player 2 feels slightly
more angry when the majority (> 50%) of their messages are threats (Wilcoxon ranksum:
DG p-value = .048, SE p-value = .066). This confirms the prediction of the model that
threats affect expectations of outcomes, and when expectations are not met, players feel
more frustrated with threats compared to cheap talk.

B Social Preference Survey

Along with self-reported anger ratings, we also measure participants’s political orien-
tation, risk preferences, and social preferences using selective questions from The Global
Preference Survey (Falk et al., 2015). Please refer to questions 4-14 in Supplementary Table
10 for the exact questions.

The relationship between self-reported social preferences and the Punish rate is depicted
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Supplementary Figure 14. Social Preferences and Punish Rate

in Supplementary Figure 14. Political orientation (Wilcoxon ranksum: p-value = .481), risk
taking (p-value = .132), patience (p-value = .244), positive reciprocity (p-value = .605), and
math skill (p-value = .724) seem to be unrelated with P2’s Punish rate. Individuals who
report higher ratings for altruism (p-value = .043) and good intention (p-value = .028) choose
Punish less often. Individuals who report higher ratings for punishing unfair offers (both for
self (p-value < .001) and others (p-value = .001)), negative reciprocity (p-value = .044), and
procrastination (p-value = .035) are more likely to Punish P1. However, before we draw the
conclusions that individuals with different social preferences behave differently, we need to
mention that the above statistical analyses are based on two unbalanced samples. With the
specific framing of the survey questions, such as using the terms “willing,” “punish,” “good
cause,” etc., participants’ self reported social preferences ratings are skewed to one direction.

P1 reports no difference in social preferences between the communication and no com-
munication treatments: political orientation (p-value = .147), risk taking (p-value = .390),
patience (p-value = .400), punish unfair offers (both for self (p-value = .442) and others
(p-value = .531)), altruism (p-value = .758), positive reciprocity (p-value = .279), negative
reciprocity (p-value = .111), good intention (p-value = .513), math skill (p-value = .488),
and procrastination (p-value = .807). Whereas, P2 reports more willing to revenge, with
communication (p-value = .011). In the communication treatment, P2 is also marginally
more liberal (p-value = .071), more willing to punish unfair offer for themselves (p-value =
.057), and more willing to punish unfair offer for others (p-value = .087).
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(a) P1’s Reported Social Preferences (b) P2’s Reported Social Preference

Supplementary Figure 15. Social Preferences Reports with Threats vs. Cheap Talk

Supplementary Figure 15 illustrates that, in the communication treatment, depending on
the message contents, P2 reports different ratings for some social preferences. But P1 again
reports the same social preferences with or without threats, except for negative reciprocity
(p-value = .001). P2 who reports higher willingness to punish unfair offers (offers for self
(p-value = .027) and offers for others (p-value = .022)), to be less altruistic (p-value = .084),
and to believe less that people have good intentions (p-value = .005), sends more threats.
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C Gender Differences

D Belief Elicitation

(a) P1’s Plan about Grab (b) P2’s Plan about Punish

Supplementary Figure 16. Reported Plan Predicts Own Behaviors - Deterrence Games

(a) P1’s Plan on Grab (St1) (b) P1’s Plan on Grab (St2) (c) P2’s Plan on Punish

Supplementary Figure 17. Reported Plan Predicts Own Behaviors - Staggered Entry
Games
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(a) P1’s Plan about Share (b) P1’s Belief about Punish

Supplementary Figure 18. P1’s Reported Beliefs Histograms

(a) P2’s Belief about Share (b) P2’s Plan about Punish

Supplementary Figure 19. P2’s Reported Beliefs Histograms

E Instructions

Below are the instructions for the communication treatment. The no communication
treatment instructions are identical except for the two paragraphs mentioning messages.

Experiment Instruction

Welcome to the experiment. The purpose of this experiment is to study how people make
decisions in a particular situation. Please feel free to ask a question at any time by raising
your hand. Please do not speak to other participants during the experiment. Cell phones
are not allowed during the entire experiment.

Your will receive $10 for participating. You have the potential to earn additional money
based on your own and others? decisions, as described below. Your decisions and payoffs

33



will remain confidential. You will be paid individually and privately, in cash, at the end of
the experiment.

The experiment consists 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.

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

There are two different games in the experiment, the short game and the long game.

The Short Game consists of two stages. The picture below may help and will be shown
in each round. Player 1’s payoffs are listed above Player 2’s payoffs. The payoffs will change
in each round. The game proceeds as follows:

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

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

– 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, the game ends and both players receive $0.

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

Prior to the start of each short game, 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 (at the discretion of the experimenter, who will
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monitor the messages). 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 Long Game consists of three stages. The picture below may help and will be shown
in each round. The payoffs will change in each round. 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 with the payoffs specified for that round.

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

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

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

– If D is chosen, the game proceeds to stage 3.

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

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

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

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

In each of the Long Games, if Player 1 chooses B, and before the game proceeds to stage
2, 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 (at
the discretion of the experimenter, who will monitor the messages). 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.

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
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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 the 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.
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