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The strong reciprocity model of the evolution of human cooper-
ation has gained some acceptance, partly on the basis of support
from experimental findings. The observation that unfair offers in
the ultimatum game are frequently rejected constitutes an impor-
tant piece of the experimental evidence for strong reciprocity. In
the present study, we have challenged the idea that the rejection
response in the ultimatum game provides evidence of the assump-
tion held by strong reciprocity theorists that negative reciprocity
observed in the ultimatum game is inseparably related to positive
reciprocity as the two sides of a preference for fairness. The predic-
tion of an inseparable relationship between positive and negative
reciprocity was rejected on the basis of the results of a series of
experiments that we conducted using the ultimatum game, the
dictator game, the trust game, and the prisoner’s dilemma game.
We did not find any correlation between the participants’ tenden-
cies to reject unfair offers in the ultimatum game and their ten-
dencies to exhibit various prosocial behaviors in the other games,
including their inclinations to positively reciprocate in the trust
game. The participants’ responses to postexperimental questions
add support to the view that the rejection of unfair offers in the
ultimatum game is a tacit strategy for avoiding the imposition of
an inferior status.

inequity aversion | other regarding preferences | assertiveness

Whether cooperation in human society can be explained by
reputation-based reciprocity alone or whether strong reci-

procity (1–4) is also required to explain cooperation is a currently
disputed issue in attempts to solve the puzzle of cooperation in
human societies (5). The main issue at stake is whether individual
propensities to punish noncooperators are necessary to support
cooperation beyond the level afforded by the inclinations of
individuals to care about their reputations as good members of
their community. The strong reciprocity model of cooperation
was proposed as a means of overcoming the limitations of rep-
utation-based reciprocity models that only explain the evolution
of cooperation over a narrow range of conditions, namely, among
societies that are characterized by the presence of long-lasting
small groups in which the behavioral histories of the individual
group members are transparent to the other members. Strong
reciprocity theorists argue that the limitations of reputation-based
reciprocity models can be overcome by assuming that strong reci-
procators who stabilize cooperation by punishing noncooperators
are present within a given community. A strong reciprocator is
defined as an individual who is willing to “sacrifice resources for
rewarding fair and punishing unfair behavior even if this is costly
and provides neither present nor future material rewards for the
reciprocator” (3). In other words, strong reciprocators reciprocate
both positively and negatively (3, 6)—positive reciprocity promotes
cooperation, and negative reciprocity stabilizes it. Although the
current study does not directly address the issue of whether strong
reciprocity is needed to explain the evolution of cooperation, it
addresses this issue indirectly by examining the legitimacy of

using findings from ultimatum game experiments as evidence
of strong reciprocity.
Findings from economic game experiments, particularly find-

ings regarding the rejection of unfair offers in the ultimatum
game (7), have provided the major impetus for the development
of the strong reciprocity theory of cooperation (3, 8, 9). The
ultimatum game (7) (UG) is an economic game that is played by
two individuals, a proposer and a responder. The proposer is
given a certain amount of money from the experimenter and is
asked to propose a way of dividing the money between himself
and the responder. The responder then has to choose to either
accept or reject the offer. If the responder accepts the offer, both
the proposer and the responder earn money as specified by the
proposer. However, if the responder rejects the offer, neither
player receives any money. The game is usually played with
complete anonymity, and it is generally played between strangers.
Under these conditions, rational and self-regarding proposers
should offer as little as possible to the responder, and responders
who are similarly rational and self-regarding should accept any
nonzero offers. However, the findings of UG experiments do not
support this prediction. In many UG experiments, the most com-
mon offer among the proposers is a 50–50 split, and approximately
half of the responders reject unfair offers in which they would
receive less than 30% of the total sum (10). The rejection of unfair
offers that is frequently observed in UG experiments has been
regarded as evidence of strong reciprocity that is driven by a pref-
erence for reciprocal fairness and inequity aversion (11) on the
part of the responder.
In the present study, we argue and provide experimental evi-

dence that interpreting the observed rejection of unfair offers in
a UG experiment as a form of strong reciprocity driven by
a preference for fairness may not be as straightforward an in-
terpretation as has been assumed. As stated in the aforemen-
tioned definition (3), a strong reciprocator should exhibit both
positive and negative reciprocity. It is generally assumed that the
behavioral tendencies toward both positive and negative reci-
procity are driven by both a preference for reciprocal fairness
(12) and inequity aversion (6). A reciprocally fair individual is
motivated to respond in kind— he will respond to kindness with
kindness and will meet hostility with hostility. Similarly, an in-
equity-averse individual is motivated to avoid inequity and to im-
plement equitable outcomes. Regardless of the specific motivation
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from which an act of strong reciprocity is derived, a strong re-
ciprocator who rejects an unfair offer in the UG (an example of
negative reciprocity) should act in a positively reciprocal manner
in other situations insofar as his or her inclination to act in ac-
cordance with strong reciprocity is driven by a relatively stable set
of social preferences.
We challenge the interpretation of the rejection of unfair

offers in the UG as a form of strong reciprocity by determining
whether individuals who reject unfair offers actually do behave in
a positively reciprocal manner in other situations. Specifically, we
will first demonstrate that the rejection of unfair offers in the UG
(hereafter referred to as the rUG) is not correlated with the
degree to which positive reciprocity is exhibited by the same
individual when playing the role of trustee in the trust game.
Furthermore, we will demonstrate that the rUG is not correlated
with either the prosocial dispositions or prosocial value ori-
entations (SVOs) (13, 14) of the responders, nor with their
prosocial behaviors in other games such as cooperation in the
prisoner’s dilemma game (cPDG), trust as a truster (tTG), or
allocation of resources to a recipient as a dictator in the dictator
game (aDG). These findings will provide evidence against the
strong-reciprocity-theory–based interpretation of the rUG as a
reflection of a disposition toward practicing both positive and
negative reciprocity on the part of the responder.
If not based on a social preference for reciprocal fairness or

inequity aversion, where does rUG come from? We argue that the
rUG is a psychological response to a challenge to the integrity or
status of the responder. This alternative interpretation of the rUG,
called the “wounded pride hypothesis” by Straub and Murnighan
(15), received partial support from studies demonstrating that
individuals who rejected unfair offers had higher levels of testos-
terone than individuals who accepted such offers (16). Other
studies found that administrating testosterone increases rUG
among men (17), although not among women (18). Xiao and
Houser (19) provided further evidence for this interpretation by
showing that their participants used an option to express their
anger to the proposer instead of rejecting an unfair offer as
a means to assert that they were not willing to accept an inferior
position. Another piece of evidence that supports the account of
unfair offers as a means of asserting strength came from a study of
the impunity game that was conducted by Yamagishi et al. (20).
The impunity game (21) is similar to the ultimatum game, but the
amount of money proposed to a responder is reduced to zero
upon her rejection of an unfair offer, whereas the proposer keeps
his money intact. Thus, in the impunity game, a responder who is
given an unfair offer can neither achieve equality nor punish the
unfair proposer by rejecting the offer because the proposer keeps
his money regardless of the responder’s decision. Instead, reject-
ing an unfair offer in the impunity game causes the outcome of the
distribution to be even more unfair to the responder. Yamagishi
et al. (20) found that responders in the impunity game (or in the
private impunity game in which the proposer was not informed of
the responder’s choice) rejected 30–40% of the unfair offers.
According to this alternative interpretation (22), the rUG is not

a prosocial behavior oriented toward restoring or enforcing a fair
outcome distribution. Thus, it leads to a prediction that an indi-
vidual’s tendency toward the rUG will not be correlated with her
prosocial behaviors in other games. The second goal of the present
study is to provide further support for this alternative account of
the rUG by demonstrating the lack of correlation between the
rUG and the aforementioned prosocial behaviors in other games.
We also sought to provide evidence that there was a positive re-
lation between the rUG and a psychological scale that we con-
structed to measure the degree to which a player was unwilling to
submit to other players, whereas there was no relation between a
player’s rUG and her concern for positive or negative reciprocity.

Predictions Based on Strong Reciprocity. The logic by which the
rUG is interpreted as a form of strong reciprocity suggests that
the player’s rUG should be positively correlated with his prosocial
choices in the other games. That is, if the rUG is a product of a
social preference for fairness, the tendency to reject unfair offers
in the UG should be positively correlated with other game
behaviors that are caused by the same preference for fairness.
Specifically, a player’s rUG will be positively correlated with the
level of positive reciprocity exhibited by the trustee to the trusting
action taken by the truster. Furthermore, the player’s rUG is ex-
pected to be positively correlated with both his aDG and rTG (the
proportion of the entrusted money returned by the trustee) be-
cause these behaviors are expected to reflect the player’s prefer-
ence for fairness. Similarly, the rUG is predicted to be positively
correlated with the tTG because the trusting choice in the TG
increases the total amount of money that will be shared between
the two players. Finally, the level of cPDG that a player exhibits,
especially in the one-shot version of the game, is known to be
correlated with the prosocial preference (23) that includes a pref-
erence for the fair distribution of outcomes (24). Thus, according
to the strong reciprocity interpretation of the rUG, the rUG is
predicted to be positively correlated with cPDG.

Predictions Based on Assertiveness. If the interpretation that rUG
is a means of asserting strength is correct, no correlation between
a player’s rUG and the other aforementioned game behaviors is
predicted because challenges to a player’s determination to avoid
being subjugated by the other player are irrelevant in games that
do not involve threats to the status of either player. For example,
the dictator in the dictator game has total control of the outcome
distribution, so he will not be threatened by any challenger.
Similarly, neither the trusters nor the trustees (toward whom the
truster has shown trust) in the trust game face any threat to their
integrity. A negative correlation between a player’s rUG and
cPDG is predicted on the basis of experimental evidence that
suggests that defectors in the PDG interpret cooperation as a
sign of weakness, whereas cooperators interpret cooperation as
a sign of moral quality (25). This finding suggests that some PDG
players, especially defectors, perceive the game in terms of a
status competition. PDG players who see defection as a reflection
of their strength and defect would also tend to reject unfair offers
in the UG to show their strength. Thus, a player’s rUG will be
negatively correlated with his cPDG.

Results
Hypotheses Testing. Fig. 1 depicts the presence of positive reci-
procity among the responses of the responders in the trust game.
That is, in general, the trustee returned a greater proportion
of the entrusted money when the truster handed her a larger
amount of money. An analysis of variance of the returned pro-
portion revealed a significant main effect of the entrusted
amount [F(5, 460) = 23.44, P < 0.001]. We constructed a mea-
sure of positive reciprocity by subtracting the average proportion
of the returned money for the two lowest values of entrusted
money (100 yen and 200 yen) from the average proportion of
returned money for the two highest amounts of entrusted money
(500 yen and 600 yen). We found no significant correlation be-
tween this measure of positive reciprocity and the rUG (r = 0.07)
and rejected the strong reciprocity prediction.
We report both Pearson and Spearman correlations between

the rUG and the behaviors in the other games that are relevant
to testing the major hypotheses of this article in Table 1. Cor-
relations among the various game behaviors are provided in SI
Appendix, Table S1. No significant correlations between rUG and
any of the other game behaviors were found, with the exception
of a significant negative correlation between the rUG and the
cPDG. We further examined possibilities of nonlinear relation-
ships and found no significant relationships between rUG and
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the other game behaviors. Scattergrams for the relationships are
provided in SI Appendix. These findings consistently reject the
predictions of the strong reciprocity hypothesis and provide
support for the predictions that were derived from the asser-
tiveness account of the rejection behavior.

Social Value Orientation. The prosociality and proselfness meas-
ures of SVO were negatively correlated (r = −0.75, P < 0.001), so
we decided to use the difference between the prosociality mea-
sure and the proselfness measure as an overall measure of pro-
sociality. The competitiveness measure was highly skewed—92%
of the participants were never classified as being competitive by
any of the four SVO measures—and it did not correlate with
rUG (r = −0.02). Because so few participants were scored as
being competitive, we decided to exclude the competitiveness
measure from the analysis. Table 1 lists the correlations between
the overall measure of prosociality and various game behaviors.
With the exception of the rUG and aDG, all of the game be-
havior measures were positively correlated with the overall SVO
measure, which suggests that the game behaviors of the partic-
ipants were guided by their prosocial/proself preferences. How-
ever, the correlation between the prosocial SVO and rUG was
negative, which implies that the rejection of unfair offers in the
UG is difficult to justify as being “altruistic.”

Reciprocity and Assertiveness. The positive reciprocity scale and
the negative reciprocity scales were not significantly correlated
with each other (r = −0.07), which is consistent with the findings
that have been presented in the preceding paragraphs. The
vengefulness scale scores were positively correlated with the
negative reciprocity scores (r = 0.66, P < 0.001) but not with
the positive reciprocity scores (r = −0.03). Furthermore, no
significant correlations between rUG and any of these three
reciprocity scales were identified (r = 0.18 with vengefulness,
−0.07 with positive reciprocity, and 0.09 with negative reciprocity).
A significant correlation was found between the assertiveness
scale and rUG (r = 0.36, P < 0.001), whereas the assertiveness
scale was not correlated with any of the three reciprocity scales
or other game behaviors. These findings suggest that the rUG
does not reflect either vengeance or negative reciprocity per se;
rather, it is more likely a reflection of a participant’s aversion to
being regarded as someone who lacks the strength to assert
himself in the face of the proposer.

Discussion
The findings of the present experiment do not support the view
that the tendency to reject unfair offers in the UG represents
strong reciprocity. A strong reciprocator is characterized as having
a disposition toward both positive and negative reciprocity, so it
follows that strong reciprocators who reject unfair offers in the UG
should behave in a fair manner and should reciprocate positively in
other games. This prediction was clearly rejected by our findings.
If the rejection of unfair offers in the UG is not an altruistic

punishment of norm-violating behavior, what is it? Our answer
to this question is that it reflects a tendency on the part of the
responder to avoid being subjugated to the proposer. This al-
ternative account of the rejection of unfair offers in the UG
suggests that the rUG should be either unrelated or negatively
related to the other game behaviors and to the prosociality SVO
measure. The results of our experiments consistently supported
the predictions of this alternative account. First, the rejection of
unfair offers in the UG was negatively correlated with our mea-
sure of prosocial SVO. Second, the responder’s decision to reject
unfair offers in the UG was found to be independent of his or her
inclination to act in prosocial ways in other behavioral games,
with the exception of the tendency to cooperate in the PDG;
there was a negative correlation between the rUG and this be-
havior. Third, the rejection of unfair offers in the UG was not
correlated with positive reciprocity in the TG. Fourth, the re-
jection of unfair offers in the UG was not correlated with either
the positive or negative reciprocity scales, nor was it correlated
with the general vengefulness scale. Finally, we found a positive
correlation between the rejection of unfair offers in the UG and
a self-report scale that measured their assertiveness against the
intentions of another player to exert control.
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Fig. 1. The relationship between the entrusted amount and the pro-
portion of money that was returned in the trust game. Error bars represent
standard errors.

Table 1. Correlations of the six game behaviors with the rUG, the prosocial value orientation
measure, the positive and negative reciprocity scales, the vengefulness scale, and the
assertiveness scale

Correlations with row variables

n Mean SD rUG oUG cPDG tTG rTG aDG

rUG 86 0.43 0.43 1.00 0.14 −0.27* −0.17 −0.02 −0.18
rUG (Spearman) 86 — — — 0.21 −0.26* −0.19 −0.03 −0.18
Prosociality 106 0.27 0.60 −0.20 0.21* 0.28** 0.28** 0.30** 0.12
Positive reciprocity 86 5.28 0.68 −0.07 0.02 0.08 0.12 0.11 −0.03
Negative reciprocity 86 3.33 1.19 0.09 −0.21 −0.15 −0.25* −0.31** −0.23*
Vengefulness 86 3.89 1.24 0.18 −0.12 −0.16 −0.20 −0.20 −0.13
Assertiveness 105 4.00 0.68 0.36*** 0.17 −0.09 0.03 0.07 0.07

*P < 0.05, **P < 0.01, ***P < 0.001.
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The most important implication of the findings described
above is that the UG is not an appropriate tool for measuring an
individual’s disposition toward strong reciprocity. The findings of
the present study should encourage strong reciprocity theorists
to examine the possibility that there may be similar alternative
explanations for other game behaviors that have been regarded
as evidence of strong reciprocity more carefully. For example, in
a third-party punishment experiment (8), a dictator makes an
unfair allocation to another person who is not the participant.
The third-party participant knows that the dictator has per-
formed an unfair behavior while being aware that the partici-
pant, who has the capability of punishing unfair individuals, was
watching him. From the participant’s point of view, a dictator
who behaves in an unfair manner in this situation is essentially
saying “You are a coward, and you won’t have the nerve to
punish me, ha ha!” As in the UG, the punishment of an unfair
dictator in the third-party punishment experiment may result
from a participant’s inclination to assert his strength and his
unwillingness to be treated as a weak and acquiescent person. In
short, the third-party participant’s response can be considered
akin to saying “I’ll teach you a lesson— don’t take me lightly!”
One important theoretical implication of the present work

concerns whether or not the relationship between positive and
negative reciprocity is critical for the evolution of strong reci-
procity. Evolutional models of positive reciprocity have been
proposed on the basis of the future reputational gains of positive
reciprocal behavior (26–28). The unique feature of the strong
reciprocity model is that it explains the evolution of reciprocity in
a manner that does not require a long time horizon. This model
of the evolution of reciprocity, however, requires that positive
and negative reciprocity are inextricably linked within a given
individual (2). Despite the importance of this requirement for
the strong reciprocity account of the evolution of reciprocity and
cooperation, the relationship between positive and negative reci-
procity has not been the target of systematic investigation. In so-
cial dilemma experiments in which participants have the option of
punishing defectors, it has been shown that cooperators are likely
to punish noncooperators (29–31). However, these findings may
not provide clear evidence of the positive relationship between the
two types of reciprocity because the cooperation–punishment re-
lationship that is often observed in social dilemma experiments
may be a product of frustration aggression instead of an expres-
sion of a fairness-related preference. More rigorous tests of the
consistencies of both positive and negative reciprocity and the link
between them can be conducted via a strategy that is similar to the
one adopted by the current study: the use of across-game behav-
ioral consistency. These types of rigorous tests will provide a firmer
empirical foundation for the strong reciprocity model. One possi-
ble drawback of the current methodology could come from influ-
ences of various factors that vary with time for each individual as
well as social and individual events that take place between games.
Given the relatively strong correlations between game behaviors
that took place with long intervals, for example, r = 0.55 for cPDG
and tTG conducted almost 3 y apart (SI Appendix), it is difficult to
attribute the lack of correlations between rUG and the other game
behaviors to the influence of such factors and events, at least in the
current study.

Methods
Sample and Data Collection. The study presented in this paper is part of
a larger research project that was initiated in February 2008 and concluded
in November 2011. During the three-and-a-half-year duration of the study,
the same set of participants was asked to play a variety of experimental
games, including the games we tested in this paper. We inserted long time
intervals between different experimental games to minimize possible carry-
over effects. An initial sample that included 108 participants was recruited
from the population of nonstudent residents of Sapporo via newspaper
advertisements. We later added a second sample of an additional 108 par-
ticipants. In the present article, we only report findings from the first sample

because the participants in the second sample did not play the ultimatum
game. Approximately equal numbers of male (51) and female (57) partic-
ipants were included, and their ages were approximately evenly distributed
within the age range of 21–69 y (as of December 2007). The research pre-
sented in this paper was approved by the ethics committee of the Center for
Experimental Studies in Social Sciences, Hokkaido University. All participants
read and signed the consent form each time they participated in the study.
A more detailed description of this project is presented in SI Appendix.

Games. Although the same set of individuals participated in all four games,
some participants failed to participate in some games. Detailed descriptions
of the procedures for all of the games are presented in SI Appendix.
Ultimatum game. The proposer proposed a division of 1,500 yen ($1 ≈ 80 yen)
between the two players, and the responder decided whether to accept
or reject the proposed division. If the responder accepted the proposed
division, each participant would earn the money that had been specified in
the proposed division of the 1,500 yen. However, if the responder rejected
the proposal, neither participant would earn any money. At the start of the
experiment, all of the participants were assigned the role of responder and
were asked to decide whether to accept or reject each of the offers made by
the proposers with whom they were partnered using a strategy method.
Specifically, the participants were given a booklet that contained several
pages, each of which described a particular proposed division of the 1,500
yen. The proposed divisions ranged from 100 yen to the recipient and 1,400
yen to the proposer to 1,400 yen to the recipient and 100 yen to the pro-
poser, and the order of the pages in each booklet was randomized. After the
participants had finished indicating their responses as recipients, they were
told that they would play the same game with a different participant.
However, the participants played as the proposers in this round, and they
were therefore instructed to propose divisions of 1,500 yen to a randomly
matched recipient. In the analysis, we use the relative frequency with which
the recipients rejected offers of 100, 200, 300, 400, and 500 yen (7–33% of
the total money) as a measure of the rUG. The percentages of offer rejec-
tions were 53, 53, 49, 40, 21, 14, 2, 2, 3, 6, 5, 6, 6, and 7% for the offers from
1,400/100 through 100/1,400.
Dictator game. All of the participants first played the role of dictator, in which
they were instructed to decide howmuch of a sum of 2,500 yen that had been
provided by the experimenter to keep for themselves and how much to give
to a randomly matched recipient. Before the participants made their deci-
sions, they were informed that a lottery would be used to randomly match
them with the other participants and to randomly assign the two roles
(dictator and recipient) after they hadmade their decisions. After the random
assignments of both partners and roles, the participants who had been
randomly selected as recipients (half of the participants) received the amount
that the dictator with whom they were matched had allocated to a recipient.
The remaining half of the participants received the shares that they allocated
to themselves.
Trust game. The trust gamewe used took the form of an investment game (32).
All of the participants were first assigned the role of truster, and they were
each given 600 yen by the experimenter. Then, the participants decided
upon a portion of this amount to give to a matched responder, who would
then receive three times the allotted money and would be given the op-
portunity to decide upon a method of dividing the tripled amount between
herself and the truster. After the participants made this trusting decision,
they were given instructions for a second game in which they were part-
nered with a different participant with whom they would play the role of
trustee. The participants were asked to determine the amount of money
from the allotment that they received (after it was tripled) that they would
give to the trusters using the strategy method. That is, they were asked to
indicate the amount of money that should be returned to the truster when
the tripled value of the allotted money was 300, 600, 900, 1,200, 1,500, and
1,800 yen. We used the average proportion of the money that the trustee
returned to the truster when she was trusted with totals of 1,200, 1,500, and
1,800 yen (after tripling).
Prisoner’s dilemma game. The version of the PDG that was used in the present
study involved the use of an exchange format. Each participant was given an
endowment of 500 yen and was asked to decide howmuch of it to give to his
or her randomly matched partner. The money that had been provided by the
participant was doubled in value and was then given to his or her partner.
Each participant played the game three times and was given a different
partner for each game. The participants earned the total sum of money that
they had gained during the three games. No feedback regarding the outcome
of any individual game was provided. We used the average of the three
amounts that the participants had allocated to their partners in the three
games as a measure of their cPDG.
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Social Value Orientation. During the three-and-a-half-year period over which
the culture and game study was conducted, the social value orientations of
the participants were measured four times; two of these measures used the
triple dominance method (13), and two of them used the ring method (14).
Each individual measure was used to classify each participant as a cooperator,
a competitor, or an individualist, and the proportions in which the participants
were assigned to each classification were used as measures of prosociality,
competitiveness, and proselfness, respectively. Participants for whom any type
of SVO measure was completely missing were dropped from the analysis.

Reciprocity and Assertiveness. We administered the Personal Norm of Reci-
procity scale developed by Perugini et al. (33), whichwas composed of positive
and negative reciprocity subscales. In addition, we included a third scale that

was designed to measure the level of vengefulness of each participant. Fi-
nally, we constructed and administered an attitude scale that was designed
to measure the degree to which a participant was inclined to assert himself
when other people attempted to impose their influence. The items that
were included in the vengefulness and assertiveness scales are presented in
SI Appendix, Tables S2 and S3. The vengefulness measure was administered
during the experimental wave in which participants played the UG (August
2010), and the remaining scales were administered approximately 2 y before
or after participation in the UG.
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