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Susanne Büchner, René Cyranek, Xavier del Pozo, H̊akan Fink, Sven Fischer, Ralica Gospodinova, Martin Jonas, Felix
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I Introduction

Strategic uncertainty is the risk that players face with respect to the strategies that other players

choose.1 In Nash (1951)’s equilibrium notion there exists no strategic uncertainty: in equilibrium,

all players respond optimally to the strategies chosen by the other players. Consequently, in equilib-

rium beliefs about others’ strategy choices must be correct; each player knows with certainty which

(probability distribution over) strategies the other players are going to choose.

In this paper I provide robust experimental evidence of a behavioral pattern in simple one-shot

bargaining experiments, which suggest the existence of strategic uncertainty and a very strong aversion

against this uncertainty. Specifically, I find that subjects behave as if their counterparts would respond

in an irrational way, even though in fact they do not. Thus, the aversion I observe is irrational, as it is

toward an uncertainty that basically does not exist—neither in elicited beliefs nor in observed actions.

As such, it is incompatible with an equilibrium concept that requires the consistency of strategies and

beliefs.

The main result of my experiments is given in Figure 1, which displays binary versions of five two-

player games: the Ultimatum game (Güth, Schmittberger and Schwarze, 1982), the Dictator game

(Forsythe, Horowitz, Savin and Sefton, 1994), the Impunity game (Bolton and Zwick, 1995), and two

variants of the Impunity game — the Symmetric Impunity game and the Reverse Impunity game.

These games differ only in the rejection power of the second mover (the payoffs are shown in the

boxes in Figure 1). The percentages displayed along the ‘up’ choice of player 1 denote the percentages

of experimental subjects choosing the unequal split in Experiment 1 (all participants made decisions

for all games, see Section II). The numbers in the parentheses in Figure 1 show data from different

subjects who participated in either the Ultimatum or the Reverse Impunity game in Experiment 3

(see Section IV).

First, compare the Impunity game (upper row left) to the Symmetric Impunity game (upper row

center). The only difference between these two games is whether the proposer’s payoff, in the case

of rejection of the equal split offer, is 0 or still 50. More than 10% of the unequal split proposers in

the Impunity game switch to the equal split in the Symmetric Impunity game. Second, compare the

Ultimatum game (lower row right) to the Reverse Impunity game (upper row right). Again, the only

difference between these two games is whether the equal split payoff of the proposer can be rejected or

not. Between one-third and one-half of the participants who chose an unequal split in the Ultimatum

game offer an equal split in the Reverse Impunity game. At the same time, however, (almost) nobody

rejected an equal split. This constitutes a puzzle.

1I assume a very general notion of strategic uncertainty here, the exact meaning in the context of this paper will
become clear below. Other terms have been used to coin the specific uncertainty involved in strategic decisions. Roth
(1977a,b) was among the first to conceptually distinguish the utility of economic agents with respect to ‘ordinary risk’
(which originates from the chance move in lotteries) from ‘strategic risk’ (which originates from the interaction with other
strategic players). Chateauneuf, Eichberger and Grant (2007) model strategic ambiguity aversion on top of strategic risk
attitudes (which represent regular von Neumann-Morgenstern risk preferences). I will discuss their model in Section VI.
The term strategic uncertainty has also been used in contexts other than the one discussed in this paper, for example to
describe the uncertainty that players face in equilibrium selection problems.
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FIGURE 1: The five experimental games
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Note: The percentages not in parentheses denote the share of first movers moving ‘up’ in Experiment 1. The percentages
in parentheses denote the behavior in these games in Experiment 3.

Altogether, I report evidence from four experiments. In the strategy-method Experiment 1, I

show that the existence of an option to reject the equal split in the Impunity game has a significant

impact on the observed proposer behavior compared to the Dictator game or Symmetric Impunity

game. I show a similar and even more striking result in a complementary variation of the Ultimatum

game, the Reverse Impunity game. Overall, I find that approximately 36% of proposers behave as

if a non-negligible share of responders would reject an equal split. In Experiment 2, with different

participants recruited from the same subject pool, I measure expectations of behavior in the five

games, and find that people expect that responders would not reject an equal split, but also expect

that many proposers behave as if that would be the case. Experiment 3 replicates the results for

the Ultimatum and Reverse Impunity games in a one-shot ‘play method’ (as opposed to a strategy

method) environment. This experimental design also allows the measurement of indifference curves

with respect to the strategic uncertainty involved in bargaining proposals. Finally, Experiment 4

shows that the aversion to strategic uncertainty may lead to social inefficiencies, as people refrain

from entering negotiations in favor of less efficient, but strategically safe outcomes.

The apparent aversion against (non-existing) strategic uncertainty has direct implications for bar-

gaining research and practice. If unfounded strategic uncertainty aversion plays such a large role even

in simple one-shot 2-stage bargaining games, then its effect will likely be exacerbated in dynamic

or repeated games. We observe people shying away from a bargaining situations because of a non-

existing strategic risk, an issue that could potentially be addressed by preventing such risks in the

design of bargaining institutions. The results also point to the importance of pre-play communication

in the bargaining process. Based on the behavior in the experiments reported in this paper, such

communication may not only have strategic value in terms of threats, but also in terms of assurances.

Bargainers who find themselves in an Ultimatum-like or repeated bargaining situation should not only

communicate to the counterpart that they would reject an unfair offer, but also make clear that they

would accept a fair one, even if that appears obvious.
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A second major implication is theoretical. The results reported here cannot be explained by a

theory that assumes consistency of beliefs and actions, no matter what is assumed about the under-

lying utility function of agents. This presents a challenge to rationalizing these observations from an

economist’s perspective. For example, Bolton and Zwick (1995) compared behavior in the Ultimatum

game and the Impunity game. They expected more unequal splits in the Impunity game, but also

fair offers, similar to what is usually observed in the Dictator game (see, for instance, Forsythe et al.,

1994). To their surprise, they observed almost 100% of selfish equilibrium play in the Impunity game,

more than what is typically observed in dictator games.2 However, Bolton and Zwick (1995) and the

subsequent literature on the Impunity game did not interpret this result as an effect of the asymmetry

in equal split rejectability. Bolton and Zwick (1995, p. 112) wrote:

‘We might also consider the argument that first movers desire fairness but that they opt
for the higher payoff in Impunity because they fear that second movers will turn down an
offer of the equal split, a risk that is not taken if the higher payoff is chosen. But we see
no reason why the first mover would think that the second mover would turn down the
equal split.’

In other words, since turning down an equal split offer is neither expected nor observed, it is difficult

to explain why proposers should consider the rejectability of the equal split in their deliberation. The

results reported in this paper show that the rejectability of the equal split was indeed the driver behind

Bolton and Zwick (1995)’s result, and also indicate that a good explanation is still needed.

Section VI provides an extensive discussion of the results and relates them to existing behavioral

economics models and other evidence. While social preference models have been used to explain

positive offers and rejections in Ultimatum and related games (and were partly motivated by them),

they cannot explain the equal split rejectability effects that I observe in my experiments. First, they

rely on Nash equilibrium, i.e. a consistency of actions and (correct) beliefs. Second, they cannot

justify (incorrect beliefs of) a rejection of an equal split. As potential avenues to explain proposer

behavior, I consider risk aversion, errors in decision-making, the use of heuristics, limited depth of

reasoning, aversion of strategic ambiguity, and preferences for decision rights / having the last word.

None of these explanations alone appears to satisfactorily organize the observed behavioral pattern.

The strategic ambiguity aversion model of Chateauneuf et al. (2007) comes close but implies a level of

pessimism in our games that by far exceeds that observed in other experiments. As a result, one might

need to consider non-parsimonious composites models, e.g., combining a social preference model like

inequality aversion with a strategic uncertainty model like Chateauneuf et al. (2007).

The paper will proceed as follows: Sections II, III, IV, and V) discuss design and results of

Experiments 1, 2, 3, and 4, respectively. Section VI provides a discussion of the results and relates

them to existing economic models and other evidence. Section VII concludes with a summary of the

findings and suggestions for future research.

2This result in Bolton and Zwick (1995) was the initial motivation to conduct Experiment 1 reported in this paper.
I qualitatively replicate and clarify their results for the Ultimatum game and the Impunity game.
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II Experiment 1 - A Strategy Method Experiment

The first experiment tested five simplified ‘cardinal’ bargaining games, which differ only in the rejection

power of the responder: one Dictator game, three Impunity games and one Ultimatum game. Figure 1

above shows the extensive forms of these games. The Impunity game (upper row left) is a replication

of Bolton and Zwick’s (1995) original game of the same name. After player 1 has chosen between an

equal and an unequal split of the pie, player 2 can accept or reject this offer. When player 1 chooses

an unequal split, player 2 can only reject her own income, but cannot diminish player 1’s income.

When player 1 proposes an equal split, a rejection by player 2 leads to zero payoffs for both players.

In the Dictator game (lower row left in Figure 1), player 2 must accept player 1’s offer and cannot

change the payoff distribution by choosing up or down.3 The next game (upper row center) is a

symmetric version of the original Impunity game. Compared to the latter, player 2 now also loses

rejection power for an equal split, i.e., if she rejects an equal split offer, player 1 still receives his

proposed share, while player 2 receives zero payoff.4

In the Ultimatum game (lower row right), player 2 has full rejection power for both possible offers.

If player 2 accepts an offer, then both players receive the share that player 1 proposed. If player

2 rejects, both players receive zero payoff. Finally, in the Reverse Impunity game, the asymmetric

rejection power of the original Impunity game is flipped. Player 2 can only reject her own payoff for

a proposed equal split, while she has full rejection power for both players’ payoffs if an unequal split

is chosen. Note that the only difference to the Ultimatum game is the rejection power in response to

an equal split.5

When the rejectability of the equal split is assumed to be irrelevant for proposers (since there is

no reason for a responder to reject an equal split), the same number of proposers offering the unequal

split in Impunity and Symmetric Impunity is expected. The same hypothesis is derived with respect to

Ultimatum and Reverse Impunity. If, in contrast, the equal split rejectability plays a role for proposer

behavior, then there may be more unequal split offers in Impunity than in Symmetric Impunity, and

in Ultimatum than in Reverse Impunity. The Dictator game was included in the experimental design

to verify that Bolton and Zwick’s (1995) Impunity game results were indeed due to the asymmetry in

rejection power. There should be no difference in play between Dictator and Symmetric Impunity.

Based on the numerous consistent experimental results in the literature on Dictator and Ultimatum

games, I expect less unequal splits and more unequal split rejections in games with unequal split

punishment power for the responder (Ultimatum and Reverse Impunity) than in games with no such

power (Impunity, Dictator, and Symmetric Impunity).

3Although in this game the forking of the game tree in the second stage is redundant, it is shown for comparability
with the other figures and for identical experimental instructions across games.

4In a different context, Crosetto and Güth (2021) also run impunity games where the responder could reject her own
share for all possible proposals. However, only unequal splits were allowed.

5One possible interpretation of these 5 treatments would be a 2× 2 design, with the rejectability of the unequal split
in one dimension and the rejectability of the equal split in the other dimension, and the Dictator game standing aside.
However, I am mainly interested in the equal split rejectability dimension, testing it in two different environments, and
not in any ”interaction” effects.
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Since all games consist of binary choices, the strategy method (Selten, 1967) was used to obtain a

large dataset of decisions in all games.6 In particular, each of the 145 participants made decisions in all

five games in randomized order, both in the role of the proposer and in the role of the responder. The

stake size was 8 Euros, and the experiment was conducted in April 2003 in the foyer of the main student

cafeteria at the University of Jena, Germany. Participants required 12 to 15 minutes on average to

read the instructions, answer the questionnaire, and complete the decision forms. After their lunch

they returned, were informed decisions and payoff, and were paid in cash. Appendix A.1 contains a

detailed account of the experimental procedures, instructions and questionnaires for Experiment 1.

Table 1 shows the observed frequencies of unequal split proposals and the acceptance rates for

unequal and equal splits for the five games. There were 67.6% unequal split proposals in the Dictator

game, compared to 55.2% in the Ultimatum game. The difference is consistent with observations in

previous studies of Ultimatum and Dictator games. As expected, there are no significant differences

between the Dictator game and the Symmetric Impunity game, with 67.6% and 71.0% unequal split

proposals, respectively.

TABLE 1: Frequencies of unequal split proposals
and acceptance rates in the five games

Game Uneq. Split Uneq. Split Equal Split
Proposals Acceptance Acceptance

Impunity 0.800 0.986 1.000
Dictator 0.676

Symmetric Impunity 0.710 0.979 0.979
Ultimatum 0.552 0.910 0.993

Reverse Impunity 0.283 0.938 0.993

However, more people offer an unequal split in the Impunity game — where the responder has

punishment power for the equal split — than in the Dictator game and the Symmetric Impunity game.

On the other hand, in the Reverse Impunity game, where the responder can only reject the unequal

split but not the equal split, only 28.3% of the proposers choose the unequal split, which is much

lower than in the Ultimatum game. In other words: the Symmetric Impunity game has 9% more

participants offering an equal split compared to the Impunity game, and the Reverse Impunity game

has 26.9% more participants offering the equal split compared to the Ultimatum game. In both pairs

of games, the only difference is whether the responder can reject an equal split.7

To test for statistical significance of these results, a Cochran’s Q test was conducted on the fre-

quencies of unequal split proposals in all five games. A p-value of < 0.001 indicates that at least

one proportion differs from the others. Our data from a within-subject design allows for pairwise

6For a discussion of effects of using the strategy method, see Brandts and Charness (2011). In none of their surveyed
experiments, a treatment effect detected with the strategy method was absent when using the play method. Section IV
will show that my results obtained with the strategy method hold when ousing the play method.

7Our within-subjects design also allows us to classify individual strategy profiles of participants. Tables 9 and
10 in Appendix B list classes of proposer strategy profiles and their frequency among participants, once considering
all five games, and once excluding the Dictator game. The distributions of individual strategies largely support the
interpretations here, and also show the extent of individual-level inconsistency/noise.
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McNemar tests between choice frequencies in different games. Table 2 reports the results. The test

statistics confirm that the proportion of unequal split proposals is significantly larger in Impunity than

in Dictator and Symmetric Impunity. There is no statistically significant difference between Dictator

and Symmetric Impunity, but both have significantly more unequal split proposals than the Ultima-

tum game. Finally, the difference between Ultimatum and Reverse Impunity game is also statistically

significant.

TABLE 2: Test statistics for pairwise McNemar tests
on the share of unequal split proposals

N = 145 Chi-Square p

Impunity & Dictator 7.71 0.008
Impunity & Symmetric Impunity 5.12 0.035

Dictator & Symmetric Impunity 0.71 0.500

Dictator & Ultimatum 7.04 0.011
Symmetric Impunity & Ultimatum 10.80 0.001

Ultimatum & Reverse Impunity 26.68 0.000

With respect to acceptance behavior, the proportion of responders accepting an unequal split is

relatively high in all games in this experiment. In the games with full rejection power for an unequal

split, Ultimatum and Reverse Impunity, there is a rejection rate of 9% and 6.2% for the unequal split

offer, respectively, while there is a small rejection rate of 1.4% and 2.1% for Impunity and Symmetric

Impunity, respectively, where the responder can only reject his own share of an unequal split. No

statistically significant differences were found between Ultimatum and Reverse Impunity (p = 0.344),

and between Impunity and Symmetric Impunity (p = 1.000). On the other hand, rejection rates

in Impunity and Symmetric Impunity are significantly lower than in Ultimatum (p < 0.01 for both

comparisons). The rejection rate in Impunity is lower than in Reverse Impunity (p = 0.039), while

the difference between Symmetric and Reverse Impunity is not statistically significant at a reasonable

level.

Regarding the acceptance rate of the equal split, no statistically significant differences can be

found between the games. In Impunity, all participants accepted the equal split, and in Symmetric

Impunity, Ultimatum and Reverse Impunity only 3, 1 and 1 out of 145 participants rejected the equal

split, respectively.8

In summary, Experiment 1 shows that it is relevant to proposers whether an equal split is rejectable,

even though almost no participants rejected an equal split. Thus, the observation by Bolton and Zwick

(1995) of almost 100% of selfish equilibrium play in the Impunity game, compared to typically more

fair behavior observed in Dictator games, was no accident. The driver, however, was not the Impunity

feature, i.e., the partial rejectability of the unequal split proposal, the major focus of Bolton and Zwick

8There was one person who rejected the equal split in all three games. Regarding beliefs, most people predicted
correctly when asked (in a non-incentivized way) which option they believe the majority of participants would choose.
Experiment 2 was specifically designed to examine expectations in the five games.
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(1995)’s design. Rather, our results from directly comparing the Impunity game to the Symmetric

Impunity game and the Dictator game show that the driver behind this result was the fact that the

equal split in the Impunity game was rejectable.

This raises the question of whether participants hold incorrect beliefs about the behavior of the

responder in response to an equal split proposal, or whether beliefs are correct but are not processed in

a ‘rational’ way when making choices in the game. The results presented in the next section empirically

support the latter answer.

III Experiment 2 - Measuring Beliefs

A second experiment was conducted to assess the role of beliefs in the behavior observed in the first

experiment. Approximately two years after the first experiment, I conducted an experiment with 153

participants from the same subject pool at the University of Jena, none of whom had participated in the

first experiment. Participants were seated in a lecture hall, and received complete information about

Experiment 1, including the instructions used and a brief description of the experimental procedures.

Then they were asked to predict the aggregate behavior for each game and role (i.e., the percent share

of people proposing an unequal/equal split etc.). Belief elicitation was incentivized using a step-wise

payoff function that roughly followed a quadratic scoring rule and paid up to 9 Euros, applied to

one randomly selected guess. Appendix A.2 includes or a detailed description of the procedures and

instructions.

The mean, median, and distribution of the predictions for all games are shown in Figure 2. Al-

though higher in general, the mean predictions of the unequal split frequencies in Experiment 2 follow

the order of the actual frequencies in Experiment 1.9 The distributions reveal a high level of het-

erogeneity in beliefs about the average proposal behavior. Beliefs about average behavior diverge

considerably — especially in the Ultimatum game and the Reverse Impunity game. Given this un-

certainty, the most appropriate statistics would be a simple Sign-Test for related samples. This test

reveals comparative statics at the individual level. That is, whether most people think that a lower

share of participants choose an unequal split in game X compared to game Y. The test therefore ig-

nores the extent of differences and population means. Table 3 shows the results of two-sided Sign Tests

on trends in the expected unequal split rates. No agreement was found among participants regarding

the order of unequal split rates between the Impunity game, the Dictator game, and the Symmetric

Impunity game. However, compared to these three games, most people believe that unequal split rates

are lower in the Ultimatum game, and lower in the Reverse Impunity game than in Ultimatum game.

With respect to the acceptance rates, there are surprisingly few participants who expect a sig-

nificant number of unequal split rejections in the Ultimatum and Reverse Impunity game, where

the responder has strategic punishment power for the unequal split. These low numbers, however,

correspond to the relatively low rejection rates observed in Experiment 1. Nevertheless, acceptance

9One notable exception is the relatively low mean expected frequency of unequal proposals for the Impunity game
compared to the Dictator game and the Symmetric Impunity game. However, statistically the distributions of predictions
for Impunity are not significantly different to the distributions for the other two games, and there is no difference in the
median prediction across the three games. The lower mean in Impunity may be because of a higher number of “0%”
predictions due to confusion, while the number of “100%” predictions reached the same level in all three games.
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FIGURE 2: Distributions of expectations of average behavior

0
5
0

1
0
0

0
5
0

1
0
0

0
5
0

1
0
0

0
5
0

1
0
0

0
5
0

1
0
0

0
5
0

1
0
0

0
5
0

1
0
0

0
5
0

1
0
0

0
5
0

1
0
0

0
5
0

1
0
0

0
5
0

1
0
0

0
5
0

1
0
0

0
5
0

1
0
0

0 .5 1 0 .5 1 0 .5 1 0 .5 1 0 .5 1

0 .5 1 0 .5 1 0 .5 1 0 .5 1

0 .5 1 0 .5 1 0 .5 1 0 .5 1

Impunity Dictator
Symmetric

Impunity
Ultimatum

Reverse

Impunity

Unequal

Split

Proposals

Unequal

Split

Acceptance

Equal

Split

Acceptance

Median = .950

Mean = .760

Median = .950

Mean = .856

Median = .950

Mean = .872

Median = .895

Mean = .790

Median = .481

Mean = .516

Median = 1.000

Mean = .966

Median = 1.000

Mean = .984

Median = 1.000

Mean = .953

Median = .990

Mean = .944

Median = .950

Mean = .760

Median = 1.000

Mean = .976

Median = 1.000

Mean = .988

Median = 1.000

Mean = .966

Note: The histograms show the distribution (in percent) of guesses elicited in Experiment 2 about
the fraction of participants in Experiment 1 which choose an unequal split as proposer or accept an
unequal or equal split as responder.

TABLE 3: Results from two-sided Sign Tests
on the expected shares of unequal split proposals

N = 135 Pos Neg Ties p

Impunity - Dictator 53 54 28 1.000
Impunity - Symmetric Impunity 50 55 30 .697
Dictator - Symmetric Impunity 42 58 35 .133

Impunity - Ultimatum 77 44 14 .004
Dictator - Ultimatum 75 42 18 .003

Symmetric Impunity - Ultimatum 77 33 25 .000

Ultimatum - Reverse Impunity 93 25 17 .000
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rates in Ultimatum and Reverse Impunity are predicted by participants to be significantly lower than

in Impunity and Symmetric Impunity (Sign Tests, p < 0.01 for all comparisons), while there are no

statistically significant differences within these two pairs of games. The predicted acceptance rates of

equal splits are high, with no significant trends (except that people seem to expect a higher rejection

rate in Reverse Impunity than in Symmetric Impunity, which is surprising given that both imply

choosing a 50/0 split instead of a 50/50, Sign Test: Pos 28, Neg 8, Ties 99, p = 0.020).

In summary, almost 70% of the participants in Experiment 2 expected an extreme equal split

acceptance rate of 100% in Impunity and Ultimatum, more than 95% of the participants expected

an equal split acceptance rate of greater than 90% in these games. These beliefs cannot justify

the treatment effects found for first mover behavior in Experiment 1, namely that removing the

rejectability of an equal split leads to more equal split proposals. Interestingly, the participants also

expected this inconsistency in the proposer behavior.10 Predictions of the first mover behavior show

a high variance, but generally are in line with the observed choices in Experiment 1. Specifically,

the difference in the proposer behavior between Ultimatum and Reverse Impunity is strong both in

actions (Experiment 1) and in beliefs (Experiment 2). These two games are examined further in the

experiments reported in the following sections.

IV Experiment 3 - A Play Method Experiment

The strategy method experiment (Experiment 1) showed the existence of strategic uncertainty aver-

sion in simple bargaining games. The elicitation of beliefs in Experiment 2 suggests that beliefs follow

the same pattern as behavior. This demonstrates the robustness of the results, especially for the

comparison between the Ultimatum game and the Reverse Impunity game. The third experiment

replicates these two experimental games in a play-method environment. That is, each subject partic-

ipates only in one game and in one role. In addition, indifference curves with respect to submitted

Ultimatum/Reverse Impunity proposals are measured.

Four experimental sessions were conducted in the Computer Laboratory for Economic Research

at the University of Cologne, two sessions for each of the games. For a detailed description of the

experimental procedures and instructions please refer to Appendix A.3. There were 214 participants in

total. At the beginning of each session, participants were randomly assigned to the role of the proposer

or the responder. The responders were sent to a different room and received their experimental

instructions only after the proposers made their decisions as described below. Proposers received

Ultimatum or Reverse Impunity instructions and were asked for their proposal: either an equal split

(7.5,7.5) or an unequal split (12,3) of 15 Euros. After the proposers made their decision, they received

additional instructions. Each proposer was offered the opportunity to stop the game at this point

and to implement a Dictator game with safe payoffs instead, where the responder has no decision

to make and can only accept the offer. Specifically, proposers were shown 49 different distributions

10Even if the analysis is restricted to participants who expected 100% equal split acceptance in all four games, about
the same means and distributions of expectations of proposer behavior as displayed in Figure 2 are found, which are
inconsistent with their equal split rejection rate expectations.

10



of proposer and responder payoffs, in random order. For each of these safe payoff distributions, the

proposer was asked whether he would change to this safe payoff combination or continue with the

original Ultimatum/Reverse Impunity game. After these choices were made, one of the 49 safe payoff

distributions was selected randomly. If the proposer had previously stated to cancel the original game

for this safe payoff distribution, then the responder is informed that that the proposer had selected this

payoff distribution, and she has no decision to make. If the proposer had previously chosen to continue

with the original game, then the responder received the Ultimatum/Reverse Impunity instructions,

was informed about the proposer’s offer and made her decision.11

The grid of 49 safe payoff distributions offered to the proposer differed according to whether the

proposer had chosen an unequal split and or an equal split in the original game. Figure 3 shows these

two grids in the proposer-responder payoff space. By offering proposers these payoff combinations after

they made their proposal, their indifference curve to this (subjectively risky) proposal was measured

in the space of safe payoffs. The location and slope of indifference curves should reflect the proposer’s

(social) preferences and their rejection risk assessment for their proposal. A typical inequality aver-

sion indifference curve, for example, would be asymmetrically U-shaped, with the minimum at its

intersection with the 45 degree line. The indifference curve of a pure egoist would be a horizontal

line. If the proposal involves any perceived risk with respect to rejection, or other types of strate-

gic uncertainty, then the indifference curve would be located below the position of the corresponding

Ultimatum proposal in the grid.

Based on the observations in Experiment 1, less proposers were expected to choose the unequal

split in the Reverse Impunity game than in the Ultimatum game. Some proposers who choose the

unequal split in the Ultimatum game were expected to switch to a Dictator game with safe payoffs

lower than or equal to the equal split outcome (i.e. accept payoff combinations in the square opened

up between (0,0) and the equal split (7.5,7.5) in Figure 3). In other words, there will be unequal-

split-proposers who accept payoff distributions dominated by the equal split even though they had the

opportunity to offer an equal split in the first place (but the responder had the possibility to reject

that offered equal split). I do not expect any of the unequal split choosers in the Reverse Impunity

game would do this, since they already had the option to switch to a safe equal split when making

their offer.12

11This procedure may have a ”smell of deception”, since proposers were not made aware of the subsequent choices for
additional outside options when making their proposal. However, informing proposers about the procedure in advance
might have biased their proposals (which were the main subject of interest), and the additional outside options did not
negatively affect participants’ payoff prospects. Thus, after thorough consideration of the involved trade-offs I decided
to implement this procedure. Please note that responders were not deceived since they received game instructions only
after proposers made their choices. Also, Bartling, Fehr and Herz (2014) use a very similar procedure in their test of
preferences for decision rights.

12It is difficult to make any reasonable predictions for the switching behavior of proposers who chose the equal split
in the first place. In Ultimatum, even if they have chosen the equal split despite its rejectability, they might still prefer
a lower, but safe outcome. Even in Reverse Impunity, the fair proposers might fear that the responder will reject her
own share of an equal payoff split, and may try to prevent this. In the analysis below, I focus on indifference curves with
respect to unequal split proposals.

11



FIGURE 3: Grids of offered payoff combinations,
conditional on the proposer’s choice
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TABLE 4: Choice frequencies for Experiment 3

Reverse Fisher’s Exact Test
Ultimatum Impunity p-value

Proposed Unequal Split 36 (64%) 20 (39%) 0.012
Equal Split 20 31

Equal split accepted 15 (94%) 24 (100%) 0.400
rejected 1 0

Unequal split accepted 16 (70%) 13 (87%) 0.273
rejected 7 2

Decisions from 56 Ultimatum pairs and 51 Reverse Impunity pairs were collected. As some of the

offered safe payoff combinations were accepted, the number of observations for responders is lower

than the number of proposers. Table 4 lists the frequencies of proposals and responses, as well as

results from Fisher’s Exact Tests on statistical differences in the choice distributions.

The results for proposal rates in Experiment 3 replicate the findings in Experiment 1. A signifi-

cantly fewer number of proposers (39%) chose the unequal split in the Reverse Impunity game than

in the Ultimatum game (64%). This provides evidence for the robustness of the results obtained with

the strategy method in Experiments 1 and 2. No significant differences are found between acceptance

rates in the Ultimatum game and the Reverse Impunity game, both for equal and unequal splits.13

13Note, however, that the acceptance rate for the Ultimatum equal split was not 100%. The participant responsible
for this result approached me after the experiment and explained that he had misunderstood the instructions.
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FIGURE 4: Switching decisions and median indifference curves
after unequal split proposals
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(b) Reverse Impunity
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Note: The size of the circles (area) represents the relative frequency of acceptance choices. The percentages denote the
share of proposers who accepted at least one payoff combination that was strictly pareto-dominated by the equal split
(7.5,7.5). The solid lines show the ‘median indifference curve,’ parting acceptance rates above and below 50%.

Figure 4 shows the frequencies of acceptances of safe payoff distributions in the proposer/responder

payoff space, when offered as an alternative to a chosen unequal split. My hypothesis was confirmed:

while about 20% of those who propose the unequal split in the Ultimatum game accept at least one safe

payoff combination which is strictly pareto-dominated by the equal split (7.5,7.5), none of the ‘unfair’

proposers in the Reverse Impunity game did so. Figure 4 also shows the median indifference curves

in the safe payoff space with respect to the offered (potentially rejected) proposal.14 As expected, the

median indifference curve of unequal split proposers in the Ultimatum game lies below the median

indifference curve of those who choose the unequal split in the Reverse Impunity game. The curves

are almost horizontal lines (rather than U-shaped or at least falling in the space above the 45 degree

line), indicating that the median proposer cares little about responder payoffs.15

In summary, the between-subjects ‘play method’ in Experiment 3 replicates the findings from the

within-subjects strategy method in Experiment 1. There are significantly more proposers choosing

to offer an equal split in the Reverse Impunity game than in the Ultimatum game. The switching

behavior with respect to offered safe payoff distributions is consistent with that observation.

14The median indifference curve was obtained by drawing a line between the payoff combinations which were accepted
by more than 50% of the proposers and the combinations that were accepted by less than 50% of the proposers. Another
way to aggregate individual preferences is to weigh payoff distributions by the acceptance frequencies.

15No differences are found between games in the switching behavior of proposers of equal splits, about 15% of which,
in both games, accepted payoff distributions pareto-dominated by the equal split. See Figure 8 in Appendix B. The
median indifference curves of these equal-split-proposers are naturally located lower than for unequal split proposers,
and are slightly falling in the range above the 45 degree line.
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V Experiment 4 - Social Costs of Strategic Uncertainty Aversion

The fourth experiment demonstrates that the strategic uncertainty aversion evidenced in the first three

experiments can have social costs. Specifically, strategic uncertainty aversion might lead participants

to not enter negotiations if less efficient, but safe outside options are available. This experiment

involved simple variants of the Ultimatum/Reverse Impunity games, where participants could choose

whether they wish to enter the game or not.

Figure 5 depicts the extensive form of the Ultimatum Entry/Reverse Impunity Entry games. Both

Participant A and Participant B can choose to enter (‘in’) or not (‘out’). If both participants choose

‘out’, then each receives a safe payoff of $20. If one participant chooses ‘in’ and the other chooses

‘out’, then the participant who chooses ‘in’ becomes the proposer, while the other participant takes

the role of the responder. If both decide to enter, then a random draw is used to determine the roles.

As before, the proposer then chooses between offering an equal split or an unequal split, and the

responder decides to accept or to reject the offered split. In the Ultimatum game, the responder may

reject the equal split. In contrast, in the Reverse Impunity game, the responder cannot reject an equal

split. Note that in both treatments, the rejection payoff for the unequal proposal is ($10,$10) while it

is ($0,$0) for the equal split. This was implemented to comply with the minimum payment rules for

the HBS subject pool, as there was no showup-fee given in this experiment. In addition, in contrast to

Experiment 1 and 3, the responder in the Reverse Impunity game cannot reject his own payoff for the

equal split. Our comparison of the Dictator Game and the Symmetric Impunity game in Experiment

1 has shown that the possibility to reject one’s own share does not matter much for behavior. Our

main treatment variable is whether the equal split (including the proposer’s share) can be rejected or

not.

FIGURE 5: The Ultimatum/Reverse Impunity Entry game in Experiment 4
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ULTIMATUM IMPUNITY

A strategy of a player in each of the two games covers four actions: whether the player chooses

‘In’ or ‘Out’, whether the player makes a ‘Selfish’ or a ‘Fair’ offer in case she becomes the proposer

(irrelevant if ‘Out’ is chosen), whether the player ‘Accepts’ or ‘Rejects’ as responder after a ‘Selfish’

offer, and whether the player ‘Accepts’ or ‘Rejects’ after a ‘Fair’ offer. Both versions of the game have
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only one equilibrium which survives backward induction or repeated elimination of weakly dominated

strategies: the one where both players play (In, Selfish, Accept, Accept). Thus, standard game theory

(assuming selfishness and the capability to induct backwards) predicts that there should be no ‘out’

choices.16

In general, as long as players believe that the other player would not reject an equal split, both

games are strategically equivalent, for any set of preferences over payoffs. Under this assumption,

the null hypothesis is that the number of ‘out’ choices in both games will be the same. However,

when the rejectability of the equal split in the Ultimatum game matters, i.e., when participants dislike

the additional strategic uncertainty of Ultimatum bargaining, there might be more ‘out’ choices in

Ultimatum than in Reverse Impunity. Any ‘out’ choices imply (expected) efficiency losses.

TABLE 5: Choice frequencies in Experiment 4

Reverse Fisher’s Exact Test
Ultimatum Impunity p-value

Entry choices In 37 (56%) 43 (83%) 0.002
Out 29 9

Pairs In 26 (79%) 25 (96%) 0.066
Out 7 1

Proposed Unequal split 20 (77%) 18 (72%) 0.755
Equal split 6 7

Unequal split accepted 15 (75%) 16 (89%) 0.410
rejected 5 2

Equal split accepted 6 (100%)
rejected 0

The experiment was conducted with 66 Ultimatum participants and 52 Reverse Impunity partici-

pants at the Harvard Business School’s Computer Laboratory for Experimental Research (CLER). The

experiment was programmed in zTree (Fischbacher, 2007). After all participants had arrived, they re-

ceived the experimental instructions. Participants made their entry decisions on the computer screen,

and if at least one of the two matched participants in a pair decided to enter the game, they made

their game decision according to their role. Sessions lasted 20-30 minutes on average. Appendix A.4

includes detailed experimental procedures and instructions.

Table 5 lists the frequencies of in/out choices, unequal/equal split proposals, and accep-

tances/rejections. While 83% of the participants chose to enter the Reverse Impunity game, only

56% did so in the Ultimatum game (Fisher’s Exact Test, p = 0.002). As a result, 96% of the pairs

eventually entered the Reverse Impunity game, and only 79% of the pairs entered the Ultimatum game

(though the difference is not significant at the 5%-level).17

16There are more pure strategy Nash Equilibria that are not subgame perfect. In the Reverse Impunity game, a player
would be indifferent between entering the game or staying out if he firmly believes that the other player would enter the
game, propose an equal split, and reject an unequal split (in the role of responder). However, if there is any doubt in
these beliefs, then a player should enter. The same is true for the Ultimatum Entry Game, but here a player might also
stay out if he believes that the other would enter, propose an unequal split, and at the same time reject any offers in the
role of responder.

17A pair of participants enters the game whenever one of the two participants chooses ‘in’.
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All participants who chose ‘out’ either did not enter the game or were assigned the role of the

responder. Correspondingly, the participants for whom the rejectability of the equal split played a

role did not become a proposer in the Ultimatum game. As a result of this self-selection into game

roles, no differences are observed in the actual proposer and responder behavior across the two games.

The unequal split proposal rate (77% vs. 72%) and the rejection rate for unequal splits (25% vs.

11%) were slightly higher in the Ultimatum game compared to the Reverse Impunity game, but these

differences are not statistically different.

Both small differences—in the proposal and rejection rates—resulted in an overall conflict rate

(cases where value is destroyed through the rejection of an offer) of 19.2% in the Ultimatum game,

and only 8% in the Reverse Impunity game. This difference might be due to an endogenous selection

bias, if sensitivity to strategic uncertainty and social preferences are correlated. As ‘out’ choosers

never became proposers, this assumption can be tested only for responders in the Ultimatum game.

Indeed, only 12.5% of those who chose ‘in’ and became the responder rejected an unequal split (1 out

of 8), while 33% (4 out of 12) of those who initially did not want to enter turned down an unequal

offer. This difference, however, was not statistically significant due to the low number of observations

in these cells.

Thus, the rejectability of the equal split can lead to two kinds of inefficiencies in the Ultimatum

Entry game: first, some pairs do not enter negotiations at all, yielding less efficient outcomes than a

successful bargaining solution. Second, due to the self-selection at the entry stage of the Ultimatum

Entry game, relatively more egoists might enter the game as proposers and more fair-minded people

could end up as responders, compared to the Reverse Impunity game. This can lead to a higher

disagreement rate, implying further efficiency losses.

In both games we observe a sizable difference in earnings between those who decided to enter

the game ($22.6 and $22.7 in Ultimatum and Reverse Impunity, respectively) and those who chose

‘out’ ($17.3 and $18.1 in Ultimatum and Reverse Impunity, respectively).18 Thus, participants who

do choose not to enter the game because of the rejectability of the equal split leave a sizable amount

of money on the table. Through the different entry rates these payoff differences also lead to a $3

difference in overall group payoffs in the two treatments ($40.79 in Ultimatum and $43.77 in Reverse

Impunity), albeit this difference is not statistically significant at the 5% level.19

VI Discussion

In Experiments 1 and 3, although equal splits are almost never rejected, a non-negligible percentage of

people behaves as if there is a non-negligible chance that an equal split will be rejected. Experiment 2

shows that most participants indeed believe that equal splits are never rejected. Experiment 4 provides

evidence that the behavior might lead to sorting and efficiency losses in economic interactions. The

18Exact p-values from Wilcoxon ranksum tests are p = 0.005 for Ultimatum and p = 0.094 for Reverse Impunity.
OLS regressions of payoffs on treatment, entry choice, and their interaction support these findings, with an estimated
coefficient for an ‘in’ choice of $5.07 and no significant interaction of this across treatments.

19Exact p-value from Wilcoxon rank-sum test on group payoffs is p=0.053; the p-value from an OLS regression of
group payoff on treatment dummy is p=0.180.
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observed behavior seems to be robust across different game variants, subject pools, procedures, and

countries.

In this this section, I will reflect on this evidence in the context of the body of behavioral models

compiled over the years in economics, and related experimental literature. I first consider models of

social preferences, and argue that they can neither justify expectations of equal split rejections nor that

such an option would indeed matter for proposers. Second, given that empirically we observe minimal

rejections of equal splits, I show that participants’ reactions cannot be justified by risk aversion in

face of the observed probabilities. As a result, I conclude that behavior cannot be justified by models

of rational decision-making and game play, which assume that beliefs are correct in equilibrium and

players respond optimally to their beliefs (i.e., any model using Nash Equilibrium as the solution

concept).

The results from Experiment 2 suggest that beliefs, once elicited, are mostly correct. A resulting

question is then whether participants do not respond optimally to their beliefs (possibly even ignoring

them), or whether they consider their beliefs in a non-additive way. Regarding the first line of

thought, I discuss behavioral approaches of decision errors, decision heuristics, and limited depth of

reasoning, and find that they cannot provide satisfying rationales for the observed behavior. With

respect to non-additive beliefs, I consider a model of strategic ambiguity (optimism and pessimism

in strategic interactions) that in principle may capture behavior observed here, but would require

parameters that are outside of parameter distributions found in other experiments. I also discuss

modeling approaches that directly assume preferences for decision rights/having the last word. Lastly,

I consider composite models, e.g., combining social preferences with strategic ambiguity.

Social preferences

The empirical evidence from Ultimatum and Dictator games as well as from other (cooperation)

games has initiated a large theoretical literature of social utility models incorporating social pref-

erences such as altruism, fairness, or reciprocity (see, among others, Bolton and Ockenfels, 2000;

Charness and Rabin, 2002; Dufwenberg and Kirchsteiger, 2004; Falk and Fischbacher, 2006; Fehr

and Schmidt, 1999; Levine, 1998; Rabin, 1993). These models have been successfully applied to

explain various behavioral regularities in bargaining games. However, such deterministic models

cannot fully account for the behavior I observed in my experiments, in particular that even though

no one (believes that anyone) rejects an equal split, it matters whether the equal split is rejectable

or not. One reason is that these models either still rely on Nash Equilibrium as the solution

concept, or still assume the core property of Nash equilibrium that we find violated: the consistency

of actions and beliefs. Another reason is that they cannot explain rejections of an equal split,
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and thereby (incorrect) beliefs in such behavior, in the first place.20,21 As a result, we need to

look outside of social utility models in order to organize the behavioral regularities found in this paper.

Risk aversion

While almost everyone accepts an equal split, I also observed outliers. In Experiment 1 (3) one (one)

out of 145 (16) participants rejected an offered equal split in the Ultimatum game, and in Experiment 2

the average expected equal split rejection rate for the Ultimatum game was 1.2% (but the median and

mode were 0%). Risk aversion obviously cannot explain any rejection of equal splits by responders. On

the other hand, assuming a very small but positive probability that someone will reject an equal split,

the observed proposer behavior may be rationalized by risk aversion. Some people may be close to

indifferent between proposing an unequal or equal split in the Ultimatum game and chose the former

(for high rejection rates, they may even be risk-loving). These people may be swayed over to the

equal split in the Reverse Impunity when the equal split is not rejectable anymore. However, a more

formal analysis (provided in Appendix C) shows that the respective range of parameters is very small

as long as the probability of accepting an equal split is close to 1, and does not exist for the rejection

probabilities we observe in our experiments 1 and 3, in all of which the acceptance rate of the unequal

split in the Reverse Impunity game was higher than the one in the Ultimatum game.22

The risk participants are taking, however, is not like the ordinary risk in chance moves in

lotteries. Results from Bohnet and Zeckhauser (2004) suggest that people treat strategic risk

(the uncertainty about other players’ moves) differently to regular risk. They compare first-mover

behavior in a cardinal trust game with behavior in the same game when the second mover is

replaced by lottery which implements the same probabilities as observed for trustworthy behavior

in the first condition. They show that first movers are more ‘trusting’ in the lottery game than

in the game with a human counterpart. Bohnet and Zeckhauser (2004) interpret this result as

evidence for ‘betrayal aversion’ on the side of the trustee. In my experiments, there is no betrayal,

since rejecting an equal split hurts both players, but one may be able to generalize Bohnet and

Zeckhauser (2004)’s betrayal aversion to ‘strategic risk aversion’ in the gist of Roth (1977a)—that peo-

ple may deal with strategic risk (that is, risk due to the behavior of others) differently to ordinary risk.

20Note, that reciprocity models such as Rabin (1993) and Dufwenberg and Kirchsteiger (2004) are an exception here.
They could explain that responders reject an equal split. Assume that a responder would accept an unequal split but
reject an equal split. As rejecting an equal split is unkind to the proposer, proposing the equal split (expecting rejection)
is unkind to the responder since proposing the unequal split would make her better off. Thus, the described strategies
form an equilibrium in a reciprocity model. But as discussed above, responders almost never reject, so this potential
reciprocity equilibrium is simply not played.

21Some social utility models, such as Charness and Rabin (2002), incorporate concerns for social welfare and efficiency.
The evidence from Bolton and Zwick (1995) and our comparison of the Symmetric Impunity and the Dictator game,
which show that the responder’s option to reject only her own share of a proposal does not have much of an effect,
indicates that these concerns may not play a major role for proposer behavior in Ultimatum-like games.

22This particularly speaks to the argument that what I observe here may be a strategic spillover effect: the non-
rejectability of the equal split could have a negative effect on acceptances of the unequal split, thereby making the equal
split more attractive. I find no support for this explanation; if at all, then the evidence points in the other direction, as
empirically acceptance rates of unequal splits in Reverse Impunity are usually higher than in Ultimatum.

Prospect Theory, as a non-expected utility model, suggests that people overweigh small probabilities in their decision-
making over risky prospects. However, the extent of such weighting as typically estimated (e.g., in Tversky and Kahne-
man, 1992) would inflate the diminutive rejection probability of an equal split not as much as to make it relevant for a
proposer’s offer choice.
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Decision Errors

Some behavioral models of game play incorporate the possibility that players make errors when making

their choices or when determining the utility consequences of their choices, and that other players know

about this (see, for example, McKelvey and Palfrey, 1995, 1998; Rosenthal, 1981). These models have

been shown to be able to capture the data in various games (but were also criticized for capturing too

much: in some games they could justify a large range of behavior, thereby losing empirical content,

see, e.g., Haile, Hortaçsu and Kosenok 2008).

In my experiments, responders actually do not make many errors. Even if it is assumed that

proposers believe that responders make errors, the error rate necessary to explain the proposer

behavior would be unrealistically high. Consider, for example, a simple ad-hoc decision error model

which states that the proposer expects the responder to deviate from his optimal decision with some

probability, and that the expected error rate in response to an equal split is the same as in response

to an unequal split. In Ultimatum both proposals are ’unsafe’, but in order to prefer a safe equal

(50,50) split over an an unsafe unequal split (80,20) in Reverse Impunity, a risk-neutral proposer’s

subjective probability belief that the responder makes an error after an equal split proposal has to be

at least 37.5%.

Decision Heuristics

Models of boundedly-rational decision-making, such as heuristics, might be an alternative (see, for

example, Gigerenzer, Todd and the ABC Research Group, 1999). One example would be an item-wise

comparison of choice options. In the Ultimatum game, for instance, an offer of an equal split is ‘fair,’

and the unequal split is ‘not fair.’ However, choosing ‘up’ might yield a ‘higher income,’ and choosing

down might yield a ‘lower income.’ In the Reverse Impunity game, there is an additional item: the

personal outcome of choosing ‘down’ is ‘safe,’ and the outcome of choosing ‘up’ is ‘unsafe’ to some

extent.

Another heuristic, which simply ignores all strategic properties of the game, would be the

computation of unweighted averages over all potential outcomes of an action. Under such a decision

heuristic, in the Ultimatum game the proposer decides between an average payoff distribution of

(40,10) when choosing ‘up’ and (25,25) when choosing ‘down,’ but when confronted with the Reverse

Impunity game, the choice is between (40,10) for ‘up’ and (50,25) for ‘down’. Figure 6 shows the

complete picture. Social utility functions (such as in inequality aversion models) with a preference

order of u(50, 25) > u(80, 10) > u(25, 25) or u(50, 25) > u(40, 10) > u(25, 25) are easy to find. But

such non-strategic heuristic decision-making cannot explain why proposers would be more likely to

offer an unequal split in the Dictator game (80,20 vs. 50,50) than in the Ultimatum game (40,10 vs.

25,25). For that, one needs to take into account the strategic properties of the game, in particular

that the proposer considers the rejection power of the responder in the Ultimatum game, something

that the simple heuristic does not assume.
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FIGURE 6: Perceived choice values in the five games when using the averaging
heuristic
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Limited depth of reasoning

Closely related to decision heuristics are the non-equilibrium level-k reasoning (‘cognitive hierarchy’)

models, which relax the assumption of mutual consistency in strategies and beliefs (see Camerer,

Ho and Chong, 2004; Costa-Gomes and Crawford, 2006; Stahl and Wilson, 1995, among others).

In general, the models assume that there is a non-strategic intuitive or randomizing type L0, and

that other, higher order types Lk play best response to types Lk−1 or to normalized distributions of

types L0 to Lk−1. With the right type distributions in the population (usually hump-shaped, with

small L0 frequency and mass for L1 and L2 types), these models can predict choice distributions in

many multi-person games. There is some doubt whether level-k reasoning models are appropriate to

explain behavior in bargaining games. First, these models cannot predict non-interactive Dictator

game behavior except by assuming the behavior as L0 type. Second, for two-person two-stage games

like the Ultimatum game these models require additional ad-hoc assumptions about the L0 responder

behavior (specifically that responders do not reject an equal or even more generous split!) in order to

yield empirically valid predictions (see Camerer, Ho and Chong, 2002, pp. 17–18).

Strategic ambiguity

As Selten (2001) points out, in their seminal book, von Neumann and Morgenstern (1944) refrain

from modeling explicitly how a player should think about other players. Players are egoistic maximin-

imizers, who are only interested in what can be assured in an economic interaction. In other words,

while a von-Neumann/Morgenstern-player recognizes and reacts to another player’s options, she does

not think about the actual strategy of the other player. In the class of two-person zero-sum games, or

more generally in the class of games where each arbitrary pair of players has strictly conflicting interests

(‘strictly competitive games’), this assumption yields equilibrium strategies consistent with mixed-

strategy Nash Equilibrium. However, outside the world of zero-sum-games, the missing definition of

how to see the other player leads to indeterminacy of the behavioral model, and as such gives room

to other guides of behavior. This gap was filled by Nash (1951), and most of modern behavioral game

theory did not question his assumption of consistency of strategies and beliefs.23

23Selten (2001) provides a more extensive discussion, but unfortunately only in German.
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The experimental evidence presented in this paper suggests that it might be worthwhile to

re-examine the early work in game theory. My experimental results suggest that von Neumann-

Morgenstern’s maximin behavior may actually have some empirical content. In the end, maximin-

imizing simply implies extreme pessimism with respect to the choices of the other player.

One way to model maximin behavior in a less extreme way is to introduce it as a preference in

the utility function. Recent attempts to capture the intuition of pessimistic, safe-keeping strategic

behavior include the model of strategic ambiguity aversion of Chateauneuf et al. (2007). Building

on the earlier work on non-additive beliefs, they model players’ beliefs as capacities which are

additive in intermediate outcomes, but potentially non-additive in the extremes. As a result, a player

maximizes a value function such as the one displayed below, which represents a linear weighted

average of the regular expected payoff Eπi
ui(si, s−i) of a chosen strategy si (based on rational beliefs

πi regarding the strategies chosen by other players, s
−i) and its best and worst outcome of all possible

responses of other players. The parameter δi represents the ambiguity of a player, i.e., how much

he trusts his own subjective belief of other players’ strategies, and the parameter αi represents how

optimistic or pessimistic the player is, i.e., how much he considers the best vs. worst possible outcome.

Vi(si, πi, αi, δi) = δi
[

αimaxs
−i

ui(si, s−i) + (1− αi)mins
−i

ui(si, s−i)
]

+(1− δi)Eπi
ui(si, s−i)

Eichberger, Kelsey and Schipper (2008) and Eichberger and Kelsey (2011) apply this concept to

experimental games, and find that it is consistent with much of the evidence. In particular, Eichberger

and Kelsey (2011) report that experimental results in a number of simple games reported in Goeree

and Holt (2001) are consistent with results from a separate estimation of ranges of ambiguity (δi) and

pessimism (1 − αi) in individual decision-making reported in Kilka and Weber (2001). Kelsey and le

Roux (2015, 2017, 2018) apply the concept to a large range of simultaneous move games and report

further supporting evidence.

For the games reported in this paper, I am able to perform a similar exercise. After fixing the

shape of the expected utility function Eπi
ui and beliefs πi about the responder behavior in the different

games, I can test which configurations of δi and 1−αi can explain a switch between offering an unequal

split in the Ultimatum game and an equal split in the Reverse Impunity game. Table 6 lists the

estimation results from Kilka and Weber (2001). For my different experimental studies and a set of

possible assumptions about beliefs, Table 7 shows whether the strategic ambiguity model with average

/ maximum Kilka and Weber (2001) values can explain the switching behavior from Ultimatum to

Reverse Impunity game for an otherwise risk-neutral egoistical player, and which values of δi and

1− αi would be necessary to explain such a switch.24

24Note that even after fixing utility function and beliefs, the necessary δi and 1 − αi are not uniquely identified. In
Table 7 I assume them to be equal in order to derive the minimal values required to explain an effect of equal split
rejectability.
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TABLE 6: Estimated ranges of δi and 1− αi from results in Kilka and Weber (2001)

1− αi δi δi(1− αi)

Average 0.50 0.52 0.26
Maximum 0.60 0.61 0.37
Minimum 0.38 0.41 0.16

TABLE 7: Can Kilka and Weber (2001) parameters explain switching between
Ultimatum game and Reverse Impunity game?

Beliefs about K&W K&W Minimum
Experiment responder behavior Average Maximum 1− α / δ needed

Exp 1 Observed choices No No 0.70 / 0.70
Exp 1 Exp 2 average beliefs No No 0.70 / 0.70
Exp 1 Exp 2 median beliefs No No 0.71 / 0.71
Exp 3 Observed choices No No 0.70 / 0.70
Exp 4 Observed choices No Yes 0.58 / 0.58

Neither the switches in Experiment 1 nor in Experiment 3 can be explained with the range

of parameters reported in Table 6. In fact, the values necessary to explain the switches in these

experiments even exceed the maximum values in the distributions estimated in Kilka and Weber

(2001). Only for Experiment 4, the minimum required parameter values lie in the range reported

by Kilka and Weber (2001), and even this is close to the maximum values in the range. Therefore,

compared to the decisions of subjects in Kilka and Weber’s (2001) individual decision tasks, and the

behavior of subjects in Goeree and Holt (2001), which has been found to be consistent with Kilka

and Weber’s (2001) parameter values by Eichberger and Kelsey (2011), my experimental participants

seem to feel much more ambiguity about their beliefs and to be much more pessimistic in their

response to that ambiguity.

Preferences for decision rights

Another way to capture the phenomenon could be to introduce a taste for ‘having the last word’—a

positive utility component in case an outcome can be completely determined—or, similarly, a positive

utility of having a decision-right. For example, thinking about subsequent decisions of others may

invoke cognitive costs, no matter how predictable they are, and the decision maker may have a

tendency to shy away from these costs (Cappelletti, Güth and Ploner, 2011). Owens, Grossman

and Fackler (2014) find that their participants were more likely to bet on themselves answering a

quiz question than on a partner, despite contrary (beliefs about) success probabilities, suggesting the

existence of a desire for control. In Ertac, Gumren and Gurdal (2020)’s experiment involving risky

choices, participants had a positive willingness to pay to make choices over own payoffs, but prefered

to avoid making decisions affecting other’s payoffs. Charness and Gneezy (2010), on the other hand,

do not find that, when resolving a lottery, people would like to throw dice themselves rather than

allowing the experimenter to throw the dice for them, and therefore show no evidence for illusion
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of control. Fehr, Herz and Wilkening (2013) report evidence for a preference for authority in an

experiment where they observed principals refusing to delegate decision rights to agents even when it

would be profitable to do so. An explanation they put forward is regret aversion, since in their game

the principal may ex-post have been better off to keep the decision right. In our bargaining games,

however, regret aversion could only play a role if equal split offers had an empirically substantial

chance to be regretted, which is not the case.

Bartling et al. (2014) measure the utility from possessing a decision right in the context of a

similar delegation game. In the game, a principal can delegate the right to choose a risky project and

invest effort towards its implementation (which determines the success probability of the project) to

an agent, or keep that right to herself. Importantly, the principal can condition the transfer of that

right on a minimum effort required from the agent. Later, the experimenters elicit valuations over the

implied lotteries from delegation and non-delegation.25 Since the principal should choose a minimum

required effort that makes her indifferent between delegation and non-delegation, differences in the

independently elicited valuations of the implied lotteries represent a measure of a (positive or negative)

preference for having the decision right. The design implicitly controls for risk and social preferences

as well as ambiguity aversion. Bartling et al. (2014) report that the majority of subjects are willing to

sacrifice expected utility in order to retain the decision right in the delegation game. Importantly, the

strategic uncertainty faced by the principal after delegation only consists of an upside risk: the agent

may choose a project preferred by the principal, or may provide a higher level of effort than required.

Still, the principal seems to value keeping the decision right.

Bartling et al. (2014) term the valuation difference they measure an “intrinsic utility component of

being in control”. In the context of the delegation game, this means preferring to choose project and

effort level oneself, rather than leaving this choice to someone else (who can be perfectly controlled

from the lower bound in terms of payoff implications). With respect to the bargaining games studied

here, it is not readily clear how such a definition may apply. Does ‘being in control’ mean to be in

the more powerful role of the proposer (no matter what happens after), or is such a position disliked

when the responder still has a (perfectly predictable) choice to make? In the latter case, for example,

preferences for decision rights are consistent with placing higher value on playing the Impunity game

than on playing the Ultimatum game in Experiment 4. On the other hand, why would a person with

preferences for decision rights opt for an outside option in the first place, if that choice nullifies her

chances to become the proposer?

In general, the bargaining games studied in this paper cannot separate preferences for decision

rights from aversion to strategic uncertainty. Strategic uncertainty aversion means that a decision-

maker shies away from a rejectable equal split. A preference for control implies that the decision-maker

is attracted to a non-rejectable equal split because she feel more in control in that case. In a simple

bargaining game, they are indistinguishable.

25Note that theoretically, this design entails a similar problem as discussed for Experiment 3: Had the principals
and agents known that they will later face lotteries determined by the current effort choices, they might have chosen a
different level of effort in the first place. In the experiment, they did not know.
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One way to amalgamate preferences for decision rights with aversion to strategic uncertainty may

be to introduce a preference for ‘having the last word.’ In other words, in the extensive game form

a small positive utility component to a player’s payoff at a terminal node is added if the previous

(non-terminal) decision node belongs to that player. As the model of preferences for decision rights

proposed by Bartling et al. (2014), in principle such utility modeling still allows for classical Nash

equilibrium analysis. However, it does come with costs. First, such preferences are inconsistent with a

notion of rational players who assume that other rational players make optimal countermoves, which

lies at the very core of Nash equilibrium analysis. The question then is how we can assume rational

players with rational expectations about other rational players, if at the same time we assume these

players to have preferences that essentially imply that they do not have such rational expectations.

Second, where would such preferences for decision rights or for having the last word come from? As

shown in Experiment 4, players leave money on the table due to the rejectability of the equal split.

In an evolutionary sense, such preferences should not survive or arise.

Composite models

As discussed above, while models of social preferences can rationalize why people reject unfair offers

and make positive offers, they cannot explain the behavioral effect of an equal split being rejectable.

Approaches that deviate from the notion of consistency between equilibrium beliefs and strategies,

such as decision heuristics, errors, or strategic ambiguity, require unrealistic parameters to justify

this effect. As a result, one might consider composite models, combining social preferences with

inconsistency of beliefs and strategies.

For example, we may consider the strategic ambiguity aversion model of Chateauneuf et al. (2007),

and replace purely monetary utility outcomes, ui(si, s−i), with an inequality aversion utility function

proposed by Fehr and Schmidt (1999), fi(si, s−i) = ui(si, s−i)− κimax{u
−i(s−i, si)− ui(si, s−i), 0} −

λimax{ui(si, s−i) − u
−i(s−i, si), 0}.

26 This creates a value function Vi(si, πi, αi, δi, κi, λi). While δi

and αi represent the ambiguity of a player and her optimism/pessimism, κi and λi represent how

much the player dislikes disadvantageous and advantageous inequality, respectively. Such a model can

organize the behavioral pattern we observe, as positive fairness parameters decrease the proposer’s

utility difference between unequal and equal split outcomes, and we thus require less ambiguity and

pessimism in order to justify a proposer’s switch from an unequal split in the Ultimatum Game to an

equal split in the Reverse Impunity game. However, such a combination of models comes at a cost.

The model sketched above is not parsimonious, relying on four different parameters. It may thus be

subject to overfitting, not falsifiable, and restricted in its usefulness to make predictions.

VII Conclusions

The main result reported in this study is that in simple bargaining games, whether second movers can

reject a fair offer plays a role for first movers, even though almost nobody rejects an equal split or

26Since αi is already in use, we use κi and λi to denote the fairness parameters originally termed αi and βi in the
model of Fehr and Schmidt (1999).
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believes that it would be rejected. This observation is robust across experimental designs, procedures,

and subject pools, indicating some degree of internal and external validity. This behavior can lead to

inefficiencies in economic interactions.

The implications of these observations are broader. They represent a challenge to strategic decision

theory. The strong notion of consistency between equilibrium beliefs and strategies in the tradition

of Nash cannot capture the apparent strategic uncertainty aversion observed in the experiments re-

ported in this paper. The potential economic transaction inefficiencies indicate a need for behavioral

mechanisms and institutions that help to prevent the problem.

At the same time, the results speak not only to the literature on one-shot single-offer bargaining

games, but also to more dynamic and repeated bargaining situations, as strategic uncertainty effects

may be exacerbated there. They also point to the strategic importance of pre-play communication

not only to issue threats but also to give assurances and signal rational responses.

Admittedly, the results reported in this paper raise more questions than they answer. They suggest

plenty of further research avenues to explore how people deal with strategic risk as opposed to regular

risk differently, and how the effects observed here extend to more complex bargaining situations. For

example, one could relate the observed strategic risk aversion to other individual characteristics such

as regular risk attitudes, ambiguity attitudes, or social preferences, or to structural parameters of the

game such as the availability of a (near) equal split. Further, in the spirit of Bohnet and Zeckhauser

(2004), the responder’s move after an equal split proposal in the Ultimatum game could be replaced

with a lottery resembling the very low frequencies of observed equal split rejections. Another challenge

would be to find an experimental design that can cleanly distinguish between preferences for decision

rights (or having the last word) and aversion to strategic uncertainty. Finally, in this paper I studied

the basic phenomenon only in simple one-shot games. Whether the observed behavior is robust to

repetition and learning, and whether the role of strategic uncertainty is exacerbated in more dynamic

bargaining processes, are empirically still open questions.
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Supplementary Appendix for

“Strategic Uncertainty Aversion in Bargaining - Experimental Evidence”

by Ben Greiner

A Supplementary materials for Experiments

A.1 Supplementary materials for Experiment 1

A.1.1 Experiment 1 - Description of Procedures

In this experiment, each participant made decisions for all five games, first in the role of the proposer

and then in the role of the responder. To avoid order effects in the data, the order of the five games

was randomized for each participant, for both roles. To present the game in the instructions and

decision forms, a box representation similar to Bolton and Zwick (1995) was used. Participants were

shown a box graph like the one presented in Table 8. Participant A (the proposer) first chooses ‘up’

or ‘down’. Then after being informed about Participant A’s choice, Participant B (the responder)

chooses ‘left’ or ‘right.’ To avoid biases the position of the subgame-perfect Nash Equilibrium (unequal

split/accept) was rotated within the games.

TABLE 8: The box representation on the decision forms
left right

up Participant A gets: XX Euro Participant A gets: XX Euro
Participant B gets: XX Euro Participant B gets: XX Euro

down Participant A gets: XX Euro Participant A gets: XX Euro
Participant B gets: XX Euro Participant B gets: XX Euro

In all games, the total amount was 8 Euros, and the proposers decided between an unequal split of

(6.40,1.60) and an equal split of (4.00,4.00). Before knowing the actual proposal, responders decided

to accept or reject for both the unequal split and the equal split, and later the respective acceptance

decision was implemented. Participants were also asked for their expectation on what the majority of

participants would choose in the same game and role. To avoid incentive spillovers, monetary incen-

tives were not provided for correct predictions.27 However, asking for expectations should encourage

participants to think about the opponent choices.

The experiment was conducted in April 2003 in the foyer of the main student cafeteria at the

University of Jena, Germany. Figure 7 shows a drawing of the physical setup of the experimental

session. Participants were volunteers who were recruited by an experimenter (denoted as ‘!’ in the

figure) with leaflets at the entrance of the cafeteria. They were asked to participate at an experiment

with monetary reward.

27Providing monetary incentives for stated expectations might lead risk averse participants to hedge the strategic
risks between the real game and the expectations task. For example, in the Ultimatum game with monetary incentives
for both game and predictions, a participant may hedge risks by choosing ‘up’ as the proposer, but ‘expecting’ rejection
from the responder.
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FIGURE 7: The organization of the experiment.

A student who agreed to participate stated her name and address to experimenter ‘i’. She received

a code card and a form asking for gender, age, field of study, and semester, and was then guided

to a free table next to the wall. After completing the personal data form, the participant received

the experimental instructions (see Appendix A.1.2). The participant was informed that she was not

allowed to communicate with others during the experiment, except for experimenter ‘X’ if she needed

to ask questions. After reading the instructions, the participant answered a short comprehension

questionnaire. Once the questionnaire was answered correctly, she received the ten randomly ordered

decision forms. The participant was asked to complete the decision forms one by one, from top to

bottom.

After completing the forms, the participant kept her code card, put the decision forms into an

envelope and dropped the envelope into a closed box. She was informed that she could pick up her

experiment payoff 30-40 minutes later.28

At every 30 minutes, experimenter ‘?’ opened the box and moved the collected envelopes to a

second, open box. To determine payoffs, the following procedure was used:

• First, experimenter ‘?’ randomly drew two envelopes from the box and placed them next to each

other on the table.

• Second, experimenter ‘?’ threw a 10-sided die. If the number was even, then the first envelope

represented the proposer and the second envelope represented the responder, and vice versa for

an odd number. If the number was 1 or 2, the Impunity game was chosen for the determination

of payoffs, if it was 3 or 4, the Dictator game was chosen, and Symmetric Impunity, Ultimatum,

and Reverse Impunity were chosen for 5 or 6, 7 or 8, and 9 or 10, respectively.

• Third, experimenter ‘?’ opened both envelopes. Using the decision forms corresponding to

the game and the role, the experimenter determined the choices and calculated the payoffs.

28Most subjects received their cash payoff after they had lunch.
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Then, for each of the two participants, he wrote down the code, the game number, the role,

the participant’s decision, and the opponent’s decision on a payoff form, and then gave this to

experimenter ‘$’ who handled the cash payments.

• This procedure was repeated until no more envelopes were in the open box.

A returning participant showed her code card, signed a receipt, and received the payoff form and

cash payment.

Overall, the session lasted 310 minutes, and 152 subjects participated. Five participants did not

return to receive their payoff, and their data were excluded from the analysis. The remaining 147

subjects earned an average payoff of 3.74 Euro. Participants required 12 to 15 minutes on average to

read the instructions, answer the questionnaire, and complete the forms.

Two participants who did not fill in the decision forms completely were also excluded from the

data set. Therefore, there were 145 valid independent observations for Experiment 1. Inclusion of the

excluded observations would not have changed the results.

A.1.2 Experiment 1 - Instructions

Instructions

Instructions: Code AIZ-637-S77

Welcome to this experiment. This experiment is conducted by researchers of the Max Planck Institute

of Economics, Jena. Please read these instructions carefully. Then answer the comprehension questions

at the end of the instructions. Signal the experimenter once you have finished.

During the experiment it is not allowed to communicate with other persons other than the experi-

menter. You must fill in the decision forms completely. If you do not behave according to these rules,

we will have to exclude you from any payoffs.

The experiment consists of five different situations. In each situation, two participants interact with

each other: Participant A and Participant B. In each situation both participants see an arrangement

of 4 boxes. Each box denotes the monetary payment for Participant A and the monetary payment for

Participant B. The boxes below might serve as an example:

left right

up Participant A gets: .. Euro Participant A gets: .. Euro

Participant B gets: .. Euro Participant B gets: .. Euro

down Participant A gets: .. Euro Participant A gets: .. Euro

Participant B gets: .. Euro Participant B gets: .. Euro

In each situation, first, Participant A chooses the row. That means, by choosing ‘up’ or ‘down,’ he

determines if the upper or the lower row of boxes is relevant for payoffs.

After being informed about the choice of Participant A, Participant B chooses the column ‘left’ or

‘right’. Thus, he determines which box from the row chosen by Participant A is relevant for payoffs.

Example: Participant A chooses first. He chooses ‘up.’ Now, Participant B is informed about Par-

ticipant A’s decision and chooses between ‘up/left’ and ‘up/right.’ Participant B chooses ‘left’. As a
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result, Participant A and B receive the payoff displayed for their role in the upper left box.

In this experiment, you’ll have to decide in all five situations. First, you will decide in all five situations

in the role of Participant A. Then you will be asked for your decisions in all situations as Participant

B, each time for the case that Participant A has chosen ‘up’ and for the case that Participant A has

chosen ‘down’. At the end, you will have filled in 5 situations x 2 roles = 10 decision forms.

In order to calculate payoffs we will randomly match pairs of participants. Then we will randomly

choose one out of the five situations, and will randomly assign the roles of ‘Participant A’ and ‘Par-

ticipant B’ to the two participants. When the situation and roles are determined, the payoff simply

results from the game instructions: We take the decision forms of the two participants for the selected

situation. The decision of the participant in role A determines the row, and the decision of the par-

ticipant in role B determines the column of the payoff box. The payoffs in this box will be paid in

cash.

For the random draw to allocate the situation and roles we will take a 10-sided die. We will (randomly)

take two envelopes from the box with the decision forms. Then the die is thrown once. If the number

is even, then the first drawn envelope represents Participant A, and the second represents Participant

B. If the number is odd, roles are assigned the other way around: the first envelope is Participant

B, and the second Participant A. If the number is 1 or 2, situation 1 is selected. If it is 3 or 4, it is

situation 2; if the number is 5 or 6, it is situation 3; for 7 and 8, it is situation 4; and for 9 and 10, it

is situation 5.

That means, that exactly one out of the 10 decision forms you filled in will be relevant for your payoff.

After you have answered the comprehension questionnaire below, you will receive a stack of decision

forms. Please complete them from top to bottom. After completing all the forms, place them in the

envelope and drop it in the big box. Keep the code number. You will need it to collect your payoff.

After 30-40 minutes, but at the latest at 1:30pm, please return to the experiment location. In the

meantime we will randomly determine pairs, situations and roles. When you return, we will inform

you about the role and situation assigned to you, and what decisions the participant matched with

you has made. You will give us your code card, and we will immediately pay you in cash.

The identity of the participant matched with you will remain secret. Your identity will also be kept

secret. In this sense, your decisions are anonymous.

If you have any questions now or later during the experiment, please raise your hand. An experimenter

will come to you and answer your question privately.

Comprehension questions

Questionnaire: Code AIZ-637-S77

Imagine the following situation:

left right

up Participant A gets: 4 Euro Participant A gets: 5 Euro

Participant B gets: 4 Euro Participant B gets: 3 Euro

down Participant A gets: 2 Euro Participant A gets: 7 Euro

Participant B gets: 6 Euro Participant B gets: 1 Euro
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1. Assume that you are Participant B. The other person, Participant A, chooses ‘up.’ After you get

to know Participant A’s decision, you choose ‘right.’ What is your actual payoff, if this situation is

later randomly selected for payoff?

...... Euros

2. Assume that you are Participant A, and you choose ‘down.’ From which of the four boxes can

Participant B choose now? Please mark the box(es).

.... upper left .... lower left .... upper right .... lower right

3. Assume that you are Participant A and you choose ‘down.’ Then Participant B chooses ‘left.’

What is your payoff?

...... Euros

Proposer Decision Form

Decision Form: Code AIZ-637-S77, Situation 5

You are Participant A. You have to choose ‘up’ or ‘down.’ Then, Participant B will choose ‘right’ or

‘left’ from the selected row.

The payoff in cash will be determined as follows:

left right

up Participant A gets: 6.40 Euro Participant A gets: 6.40 Euro

Participant B gets: 1.60 Euro Participant B gets: 1.60 Euro

down Participant A gets: 4.00 Euro Participant A gets: 4.00 Euro

Participant B gets: 4.00 Euro Participant B gets: 4.00 Euro

What do you choose? Please mark your selection: .... up .... down

What do you think the majority of all other participants will choose in this situation as Participant

A? .... up .... down

Responder Decision Form

Decision Form: Code AIZ-637-S77, Situation 3

You are Participant B. Participant A has selected ‘up’ or ‘down.’ Now you have to choose ‘left’ or

‘right’ from the row selected by Participant A.

The payoff in cash will be determined as follows:

left right

up Participant A gets: 6.40 Euro Participant A gets: 6.40 Euro

Participant B gets: 0.00 Euro Participant B gets: 1.60 Euro

down Participant A gets: 4.00 Euro Participant A gets: 4.00 Euro

Participant B gets: 0.00 Euro Participant B gets: 4.00 Euro

If Participant A has selected ‘up’: what do you choose? Please mark your selection. .... left .... right

What do you think the majority of all other participants will choose in this situation as Participant

B? .... left .... right
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If Participant A has selected ‘down’: what do you choose? Please mark your selection. .... left ....

right

What do you think the majority of all other participants will choose in this situation as Participant

B? .... left .... right

Personal Data Form

Personal Data Form: Code AIZ-637-S77

Gender: .... male .... female

Main field of studies: ......................

Semester (including the current): ..........

Age: ...... years

A.2 Supplementary materials for Experiment 2

A.2.1 Experiment 2 - Description of Procedures

Participants were recruited into a large lecture hall University of Jena using the online recruitment

system ORSEE (Greiner, 2015). A total of 153 participants simultaneously participated in the session

in May 2005. Before the session began, participants were asked whether they had participated in

Experiment 1 two years earlier, and none indicated previous participation. In addition, participation

lists of both experiments were cross-checked after the experiment, and yielded no matches.

Participants were seated in the lecture hall with at least one seat between them, and were asked

not to communicate with others during the session. They received instructions including a complete

description of Experiment 1 and the original instructions, along with a description of their predic-

tion task and a payoff table. After reading the instructions and answering the same comprehension

questions as in Experiment 1, participants received the forms to record their predictions. As in Ex-

periment 1, decision forms were randomly ordered, first the proposer forms, then the responder forms.

Each form contained a grayed-out version of the original Experiment 1 decision form, and an extra

section asking to guess the percentage of participants who have chosen up/down (left/right). Both

percentages needed to sum to 100%.

After all the participants completed their forms, each participant was paid privately for one of the

15 expectation tasks, randomly selected by the throw of a die. To calculate payoffs, a simple step

function which approximately mimics a quadratic scoring rule was used (refer to the payoff table in

the instructions).

Due to the large experimental setup, the complete verification of the prediction forms could only be

completed after the session. Of the 153 participants, 18 did not fill in the prediction forms completely,

gave incorrect answers in the comprehension questionnaire, or made errors regarding the requirement

that both percentages on each answer should add up to 100%. These observations were excluded from

the analysis, with 135 independent observations remaining. The results would not have changed if

these excluded observations had been included in the analysis.
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A.2.2 Experiment 2 - Instructions

Instructions: Code XXX-XXX-XXX

Welcome to this experiment. This experiment is conducted by researchers of the Max Planck Institute

of Economics, Jena. Please read these instructions carefully.

During the experiment, it is not allowed to communicate with others. You must fill in the forms

completely. If you do not behave according to these rules, we will have to exclude you from any

payoffs.

For identification purposes, you been given a code number.

Your code number is XXX-XXX-XXX.

Please remember this number, and write it on top of all the forms you complete. This will allow us

to pay you at the end.

In the experiment, you will be asked to predict the behavior of participants in a previous experiment.

The better your prediction, that means the smaller the difference between the predicted and the actual

behavior, the more money you will earn. The detailed payoff rules will be described below.

The other experiment was conducted about 2 years ago in the foyer of the main student cafe-

teria of this university, and 145 students participated. (That means each participant represents

100%/145 = about 0.7% of all decisions.) Participants received the instructions included below.

They answered comprehension questions, and then completed their decision forms. About 30 minutes

later, participants received their cash payoff using their numbered code card.

The instructions and forms of the other experiment are included here in a grey shaded area like this:

Text

Your own instructions are printed like this text, black on white.

Now, please read the instructions of the other experiment carefully.

<< Instructions of Experiment 1, see Appendix A.1 >>

In the following you will receive the same forms as the participants in the other experiment. Like them,

you will first receive the decision forms for Participant A in random order, and then the decision forms

for Participant B in random order.

The participants of the other experiment had to make 15 decisions: For each of the 5 situations as

Participant A, whether they choose ‘up’ or ‘down’ (=5 decisions), and for each of the 5 situations as

Participant B, whether they choose ‘left’ or ‘right,’ and this for both the case that Participant A has

chosen ‘up’ and that Participant A has chosen ‘down’ (= 5 x 2 = 10 decisions).

For each of the 15 decisions made by participants in the other experiment, we will ask what percentage

of the participants have chosen ‘up’ (‘left,’ respectively), and what percentage have chosen ‘down’

(‘right,’ respectively), at a precision of 0.1 %. Naturally, the two percentages must add up to 100%.

For your payoff, we will randomly choose one of the 15 decisions. To do so we will throw a 20-sided

die. If it shows a number from 1 to 15, the corresponding decision will be selected. If it shows a

number from 16 to 20, the die will be thrown again. This will be repeated until a number between 1

and 15 appears.

Your payoff depends on how close your prediction is to the actual observed percentage of choices. We
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calculate the difference between your prediction and the observed percentage. Your payoff depends

on this difference as follows:

Deviation from observed percentage Payoff in Euros

0.0% 9.00

Up to 0.1% 8.50

Up to 0.5% 8.00

Up to 1.0% 7.50

Up to 5.0% 6.00

Up to 10.0% 4.00

Up to 20.0% 3.00

Up to 30.0% 2.00

More than 30.0% 0.00

Please complete the personal data form on the following page.

If you have any questions regarding the experiment, please raise your hand. An experimenter will

come to your seat and answer your question. When all questions have been answered, we will

distribute the decision forms.

Form for predictions

Situation X

Decision Form

You are Participant A. You have to choose ‘up’ or ‘down.’ Then, Participant B will choose ‘right’ or

‘left’ from the selected row.

The payoff in cash will be determined as follows:

left right

up Participant A gets: 6.40 Euro Participant A gets: 6.40 Euro

Participant B gets: 1.60 Euro Participant B gets: 1.60 Euro

down Participant A gets: 4.00 Euro Participant A gets: 4.00 Euro

Participant B gets: 4.00 Euro Participant B gets: 4.00 Euro

What do you choose? Please make a mark at your selection: .... up .... down

What do you think: What percentage of participants has chosen ‘up’ and ‘down,’ respectively? Please

state your prediction at a resolution of 0.1%. The two percentages must add up to 100%.

Question X: Up: . % Down . % (Sum = 100%)
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A.3 Supplementary materials for Experiment 3

A.3.1 Experiment 3 - Description of Procedures

The 4 sessions for Experiment 3 were conducted in December 2005 and January 2006 in the Computer

Laboratory for Economic Research at the University of Cologne. Participants were recruited using

the online recruitment system ORSEE (Greiner, 2015). A total of 214 subjects participated. When

participants arrived at the laboratory, they were asked not to sit down yet. After all the participants

had arrived, each participant drew a numbered card out of a box. Using these numbers, participants

were split into two groups of equal size. One group moved to the large lecture hall next door, and the

other group stayed in the laboratory and took a seat at the computer terminal with their number.

The group in the lecture hall was asked to wait quietly under the supervision of research assistants

until they received their instructions.

The laboratory group (proposers) received experimental instructions for either the Ultimatum or

the Reverse Impunity game (see Appendix A.3.2). Participants made their decision on the instructions

sheet. They were then asked to transfer their decision to the computer screen. The computerized part

of the experiment was programmed in zTree (Fischbacher, 2007). After all the participants had

made their decision, instructions for the switching task were distributed (see Appendix A.3.2 and the

explanations in the main text in Section IV). The 49 potential switching proposals were shown on the

screen in random order. After all the decisions were made, the computer randomly selected one of the

49 switching proposals. For the proposers who accepted the switching offer, the Ultimatum/Reverse

Impunity instructions/decision form was replaced with a Dictator form, stating the amounts of the

switching proposal. Decision forms were then sent to the randomly matched responders in the lecture

hall next door. Responders who received a Dictator form were asked to wait quietly, while those with

an Ultimatum/Reverse Impunity offer had to make their decision. Responders were paid individually

after all responders had made their decisions. At the same time, the forms with responder decisions

were sent back to the laboratory room, where proposers were paid. Overall, the sessions lasted about

40 minutes.

A.3.2 Experiment 3 - Instructions

Instructions for the Reverse Impunity Game are printed below. Instructions for the Ultimatum Game

were worded correspondingly.

Instructions

Welcome to this experiment. Please read these instructions carefully. Please do not communicate with

other participants from now on until the end of the experiment. If you have any questions, please raise

your hand, and an experimenter will come to your seat and answer your question privately. Please do

not write anything on this sheet except your decision. You received a separate sheet for notes.

If you do not comply with these rules we will have to exclude you from the experiment and any payoffs.

In this experiment you can earn money. Your payoff will be paid to you in cash at the end of the
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experiment.

In the experiment, two participants interact with each other: Person A and Person B. All participants

in the laboratory are Person A, and all participants in the lecture hall are Person B. The identity of

the participant assigned to you will not be revealed. Your identity will also not be revealed to the

other participant.

Person A makes his/her decision first. He/she can choose between ‘up’ and ‘down.’ Person B will

be informed about this decision. Then, Person B can also choose between ‘up’ and ‘down.’ The

corresponding payoffs are printed in the figure below. The payoffs will be paid in cash at the end of

the experiment.

A

B

B
up

down

up

down

down

up

Person A receives  12.00 Euros
Person B receives    3.00 Euros

Person A receives    0.00 Euros
Person B receives    0.00 Euros

Person A receives    7.50 Euros
Person B receives    0.00 Euros

Person A receives    7.50 Euros
Person B receives    7.50 Euros

Please indicate your decision in the form below:

Person A

You choose between ‘up’ and ‘down.’ The Person B matched with you will then choose ‘up’ or ‘down.’

What’s your choice? Please mark your selection.

up down

Person B

The Person A matched with you has chosen ‘up’ or ‘down’ above. Now you choose between ‘up’ or

‘down’.

What’s your choice? Please mark your selection.

up down

Switching offer instructions

Before the decision form is sent to Person B, you have the opportunity to exit the experiment by

accepting a fixed payoff distribution which Person B cannot change anymore.

In a moment, you will see 49 different payoff distributions at the screen, one by one. (These distribu-

tions do not always add up to 15 Euros.) Please state for each of these payoff distributions, whether

you wish to exit the experiment if this distribution is offered to you.

After all the participants in the laboratory have made their decisions, for each participant, the com-

puter will randomly select one of the 49 payoff distributions.
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If you have chosen to exit the experiment for the selected payoff distribution, the payoffs will be

implemented, and Person B has no decision to make. Person B will be merely be informed about the

payoff distribution.

If you have chosen not to exit the experiment for the selected payoff distribution, the experiment will

continue as described before. The decision form will be sent to Person B, and Person B will make

his/her decision.

Dictator replacement instructions

Welcome to this experiment. In this experiment you can earn money. Your payoff will be paid to you

in cash at the end of the experiment.

Please read these instructions carefully. Please do not communicate with other participants from

now on until the end of the experiment. If you have any questions, please raise your hand, and an

experimenter will come to your seat and answer your question privately. Please do not write anything

on the sheet except your decision. You received a separate sheet for notes.

If you do not comply with these rules, we will have to exclude you from the experiment and any

payoffs.

In the experiment, two participants interact with each other: Person A and Person B. All participants

in the laboratory are Person A, and all participants in the lecture hall are Person B. The identity of

the participant assigned to you will not be revealed. Your identity will also not be revealed to the

other participant.

Person B has no decision to make in this experiment. Person A chooses the following payoff

distribution:

Person A Euros, Person B Euros

Person B: You receive the payoff denoted in the Person B field, plus your showup fee of 2.50 Euros.

Please remain quiet and stay in your seat until payoffs are distributed.

A.4 Supplementary materials for Experiment 4

A.4.1 Experiment 4 - Description of Procedures

The sessions of Experiment 4 were conducted in Winter 2006/07 at the Computer Laboratory for

Experimental Research (CLER) at the Harvard Business School. Participants were recruited from

HBS’s subject pool using CLER’s online recruitment system. To increase stake sizes in the experiment,

participants received no show-up fee. The experiment was programmed in zTree (Fischbacher, 2007).

After all participants had arrived, they received the experimental instructions, and questions were

answered independently. Participants made their entry decisions on the computer screen, and if at

least one of the two matched participants in a pair decided to enter the game, they made their game

decision according to their role. Participants then completed a short demographics questionnaire, and

were paid individually. Sessions lasted 20-30 minutes on average.
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A.4.2 Experiment 4 - Instructions

Instructions for the Ultimatum Game are printed below. Instructions for the Reverse Impunity Game

were worded correspondingly.

Instructions

Welcome to this experiment. Please read these instructions carefully. Please do not communicate

with other participants from now on until the end of the experiment. If you have any questions, please

raise your hand, and an experimenter will come to your place and answer your question privately. If

you do not comply with these rules we will have to exclude you from the experiment and any payoffs.

In this experiment you can earn money. Your payoff will be paid to you in cash at the end of the

experiment. Note that unlike in other studies in the CLER there is no show-up fee or minimum

payment in this experiment. You will only earn the payoffs which are described in the instructions

below.

In this experiment we randomly form pairs of 2 participants. You will not be informed about the

identity of the participant you are matched with. Similarly, the participant you are matched with

will not be informed about your identity. In this sense your decisions during the experiment are

anonymous.

After the groups of two participants are formed, each of the two participants is asked to choose between

option Y and option Z. If both participants choose Z, each of the two participants will be paid $20

and the experiment ends at this point (payoffs are not made until all participants have finished the

experiment). If at least one of the two participants chooses Y, the experiment continues in the following

way:

If one participant has chosen Y, and the other participant has chosen Z, the participant who has

chosen Y will become participant A in the group, and the participant who has chosen Z will become

participant B in the group. If both participants have chosen Y, the computer determines randomly

which of the two participants becomes participant A and who becomes participant B.

Then, the two participants A and B interact in the following way: First participant A makes his/her

decision. He/she can choose between ‘up’ and ‘down’. Participant B will be informed about this

decision. Then participant B makes his/her decision. The corresponding payoffs can be found in the

figure below.

A

B

B
up

down

up

down

down

up

A receives $31
B receives $15

A receives $10
B receives $10

A receives $0
B receives $0

A receives $23
B receives $23
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− If participant A chooses ‘up’ and subsequently, after being informed about this decision, partic-

ipant B chooses ‘up’, participant A will receive $31, and participant B will receive $15.

− If participant A chooses ‘up’ and subsequently, after being informed about this decision, partic-

ipant B chooses ‘down’, participant A will receive $10, and participant B will receive $10.

− If participant A chooses ‘down’ and subsequently, after being informed about this decision,

participant B chooses ‘up’, participant A will receive $23, and participant B will receive $23.

− If participant A chooses ‘down’ and subsequently, after being informed about this decision,

participant B chooses ‘down’, participant A will receive $0, and participant B will receive $0.

At the end of the experiment you will be paid the money you earned in the experiment in cash.
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B Additional tables and figures

In Tables 9 and 10 I classify proposer strategy profiles observed in Experiment 2. In Table 9 I consider

all 5 games of Experiment 2, while in Table 10 ignore the Dictator Game (DG) and only consider

the Impunity Game (IG), the Symmetric Impunity Game (SIG), the Ultimatum game (UG), and the

Reverse Impunity Game (RIG). The latter profiles over 4 games provide a cleaner picture of strategies.

For Table 9, the first class of strategies assumes purely selfish Nash equilibrium behavior for all

players, implying a proposal of an unequal split in all games (11111). The second class of strategies

allows for social preferences of either the proposer or responder, rationalizing profiles where the pro-

poser either offers an unequal split in the IG, DG, SIG, and an equal split in UG and RIG (11100),

or an equal split in all 5 games (00000).

The next two classes of strategy profiles are our main interest. They now allow for the equal split

rejectability to matter for proposers, thus rationalizing strategies where a proposer switches from an

unequal split in UG to an equal split in RIG (11110), or where the proposer switches from an unequal

split SIG to an equal split in either DG or SIG (10000,11000,10100; the relation between DG and SIG

is not defined here).

Lastly, any non-monotonous strategies that do not satisfy IIG ≤ IDG ∼ ISIG ≤ IUG ≤ IRIG (with

IX being an indicator whether the proposer proposed an unequal split (1) or an equal split (0) in game

X) are classified in the last category (“Other”). The classifications in Table 10 are made analogously,

only that the consideration of only four games leads to a lower number of simpler profiles.

Overall, we observe a significant number of strategy profiles that indicate that the rejectibility of

an equal split leads to switches in proposals between either UG and RIG, or between IG and DG/SIG,

confirming our statistical analysis of choice distributions between different games.

TABLE 9: Classification of proposer strategy profiles
in Experiment 1, over all 5 games

Classification of strategy Frequency Percent

Selfish, consistent (11111) 27 18.6%

Fairness, consistent (11100, 00000) 23 15.9%

Switch from UG to RIG (11110) 33 22.8%

Switch from IG to DG/SIG (10000) 9 6.2%
Switch from IG/DG to SIG (11000) 4 2.8%
Switch from IG/SIG to DG (10100) 9 6.2%

Other (with noise) 40 27.6%

Total 145 100%

Note: Profiles (XXXXX) refer to whether the unequal (1) or equal (0)
split was proposed in Impunity, Dictator, Symmetric Impunity, Ultima-

tum, Reverse Impunity, respectively.
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TABLE 10: Classification of proposer strategy profiles
in Experiment 1, excluding Dictator game

Classification of strategy Frequency Percent

Selfish, consistent (1111) 28 19.3%

Fairness, consistent (1100, 0000) 37 25.5%

Switch from UG to RIG (1110) 36 24.8%

Switch from IG to SIG (1000) 13 9.0%

Other (with noise) 31 21.4%

Total 145 100%

Note: Profiles (XXXX) refer to whether the unequal (1) or equal
(0) split was proposed in Impunity, Symmetric Impunity, Ultimatum,
Reverse Impunity, respectively.

FIGURE 8: Switching decisions and median indifference curves
after equal split proposals

(a) Ultimatum
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(b) Reverse Impunity
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Note: The size of the circles (area) represents the relative frequency of acceptance choices. The percentages denote the
share of proposers who accepted at least one payoff combination that was strictly pareto-dominated by the equal split
(7.5,7.5). The solid lines show the ‘median indifference curve,’ parting acceptance rates above and below 50%.
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C Risk aversion

Obviously, risk aversion cannot explain why responders in any of our games would reject an equal split.

However, if we assume that proposers expect certain rejection probabilities for whatever reasons, we

can derive the parameters of risk aversion which would be consistent with the behavior we observe,

Let U(x) = x1−r

1−r
be the utility function for constant relative risk aversion with parameter r < 1.

Let πU be the proposer’s payoff in the case of an accepted unequal split, and πE the payoff in case of

an accepted equal split. Payoffs are assumed to be zero when a proposal was rejected. Let pG,U be the

expected probability that an unequal split is accepted in game G, and pG,E the expected probability

that the equal split is accepted in game G, with G ∈ {ULT, IR} for Ultimatum game and Reverse

Impunity game, respectively.

Then the expected utilities for proposing an unequal or equal split in the Ultimatum game are

EUULT,U = pULT,U

π1−r
U

1− r
and EUULT,E = pULT,E

π1−r
E

1− r
.

Correspondingly, the expected utility for proposing an unequal or equal split in the Reverse Impunity

game are

EURI,U = pRI,U

π1−r
U

1− r
and EURI,E =

π1−r
E

1− r
.

(Note that for the Reverse Impunity Game, an equal split proposal cannot be rejected.)

Now, in order for risk aversion to explain a switch from an unequal split proposal in the Ultimatum

game to an equal split proposal in the Reverse Impunity game, we need

EUULT,U > EUULT,E and EURI,U < EURI,E, i.e.

pULT,U

π1−r
U

1− r
> pULT,E

π1−r
E

1− r
and pRI,U

π1−r
U

1− r
<

π1−r
E

1− r
.

These inequalities can be rewritten to

1−
log(pRI,U )

log(πE)− log(πU )
< r < 1−

log(pULT,U )− log(pULT,E)

log(πE)− log(πU )

which defines the range of CRRA parameter r under which a subject would choose an unequal split

in the Ultimatum game but an equal split in the Reverse Impunity game.

In principle, this exercise is a test of whether there is a ”wedge” between the utilities of proposing

an equal split in the Ultimatum game and the Reverse Impunity game, such that the utilities of

proposing an unequal split in the two games ”fit into” that wedge in order to create the preference

ordering required to explain bespoke behavior.
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If pULT,E equals 1, i.e. there are zero rejections for an equal split in the Ultimatum game, then

a switch can only be justified by pULT,U > pRI,U , i.e. a lower acceptance probability of an unequal

split in the Reverse Impunity game compared to the Ultimatum game, which is clearly refuted by

the data collected in the experiments. If pULT,E < 1 but close to 1, and pULT,U < pRI,U , then the

”wedge” between the utilities for equal split proposals is very narrow and can also be non-existent.

In particular, for the responder behavior I actually observed in experiments 1, 3, and 4 which all fall

into pULT,U < pRI,U , there is no r that can satisfy the condition.

That said, when pULT,E < 1 and pULT,U = pRI,U , there are always values of r under which the

condition above holds and thus a switch from an unequal split proposal in the Ultimatum game to an

equal split proposal in the Reverse Impunity game can be justified on the basis of risk aversion. In

particular when the acceptance probability for an unequal split is low in both games, there are people

who are almost indifferent between proposing a risky unequal split or a safer equal split, and thus

may be swayed over when the equal split is not rejectable anymore (and these people may even be

risk-loving). However, as long as pULT,E is close to 1, the range of risk parameters that justify this

behavior, and thus the explanatory power of risk aversion, is small.

The inequalities above imply (after some rearrangement) that there exists no wedge, i.e., there

exists no r that can satisfy the inequalities, if pRI,U >
pULT,U

pULT,E
. Empirically, this is actually the case

in our experiments, with 0.938 > 0.910
0.993

in Experiment 1 and 0.87 > 0.70
0.94

in Experiment 3. In other

words, given the observed acceptance frequencies in Experiments 1 and 3, CRRA risk aversion cannot

explain a switch between an unequal split proposal in the Ultimatum game to an equal split proposal

in the Reverse Impunity game.
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