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People’s ability to cooperate with unrelated others is 
arguably the main driver for the success of modern 
human societies, which have relied on cooperation to 
survive and thrive (Bowles & Gintis, 2011). Cooperation 
is often studied in social-dilemma situations in which 
cooperative behavior is in the collective interest of all 
actors, but each individual has an incentive to “free-
ride” on the cooperation of others (Kollock, 1998; Rand, 
2016). The current COVID-19 pandemic provides many 
examples of social dilemmas. We all benefit if most of 
us behave cooperatively and follow recommendations 
from authorities to self-isolate and refrain from hoarding 
toilet paper, face masks, and hand sanitizer. However, 
each and every one of us has an incentive to free-ride 
on the cooperation of others by eschewing masks in 
public, meeting friends, and stockpiling Charmin.

An important question in the literature on social-
dilemma cooperation is to what extent sex differences 
exist in the propensity to cooperate (e.g., Balliet, Li, 

Macfarlan, & van Vugt, 2011). According to social-role 
theory, sex differences in cooperation emerge mainly 
as a result of contextual factors and can exist in either 
direction depending on the presence of these factors 
(Eagly & Crowley, 1986). Social-role theory suggests 
that gender norms and stereotypes follow from the 
roles that are imposed on women and men by their 
social environment (Eagly & Wood, 2012). Women are 
oriented toward nurturing and caring in close interper-
sonal relationships and are more cooperative than men 
in such a context. In contrast, men are oriented toward 
chivalry and heroic behaviors, particularly in public 
situations that allow them to attain or assert their status, 
and are more cooperative than women in such a 
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context (Becker & Eagly, 2004; Eagly & Crowley, 1986). 
Neither contextual factor is present in classic social-
dilemma paradigms, such as the two-player prisoner’s 
dilemma game or the multiplayer public-goods game, 
which are typically conducted in anonymous, minimally 
social, and largely impersonal settings. Because these 
settings are essentially private, they do not allow men 
to attain or assert status; because they are impersonal, 
they provide no opportunity for relational gain for 
women. Given the absence of contextual cues that acti-
vate gender-role stereotypes and gender-role-specific 
behaviors, social-role theory would suggest that the first 
moment (i.e., the mean) of the cooperation distribution 
in social dilemmas does not differ between men and 
women.

Although previous researchers have mainly relied on 
social-role theory to argue that sex differences in coop-
eration are primarily context- and social-role specific, 
there is also a complementary evolutionary perspective 
that suggests that there are also important context-
independent sex differences in cooperation due to 
greater variability in heritable, sexually selected traits 
of males (Archer & Mehdikhani, 2003). This reasoning 
is used to support what has often been referred to as 
greater male variability. The greater-male-variability 
hypothesis, the origins of which lie with Charles Darwin, 
was that males are more likely to be found in both the 
upper and lower tails of the distribution of a number 
of physical, cognitive, and behavioral characteristics, 
because differentiation had survival value (Archer & 
Mehdikhani, 2003; Johnson, Carothers, & Deary, 2008). 
For example, Lehre, Lehre, Laake, and Danbolt (2009) 
showed that male adults had more intrasex variance in 
a wide range of characteristics, including weight (13% 
more variance), height (25%), 60-m-dash times (44%), 
and blood parameters such as cholesterol (50%) and 
triglycerides (55%). Similar differences have been found 
in measures of mathematical, verbal, and spatial perfor-
mance (Hyde, 2014), intelligence (Arden & Plomin, 2006), 
and physical aggression (Pomiankowski & Møller, 1995), 
to name a few. Because greater male variability has been 
found to exist already at birth, explanations related to 
social context or role can be ruled out (Lehre et al., 2009).

Although sex differences in cooperation variability 
have not been a focus of previous social-dilemma 
research, results seem to support this perspective; public-
goods-games studies have shown that females in same-
sex groups are more conforming than males (Cadsby 
& Maynes, 1998). On the basis of this evolutionary 
perspective, we hypothesize that the second moment 
(i.e., the variance) of the cooperation distribution 
in social dilemmas will differ such that men will 

demonstrate more variance in cooperation behaviors 
than will women. Interestingly, given that this perspec-
tive does not predict sex differences in mean coopera-
tion levels, it is in line with most previous social-dilemma 
research, which has failed to find systematic differences 
in average cooperation between the two sexes (Balliet 
et al., 2011; Croson & Gneezy, 2009; Eckel & Grossman, 
2008). Instead, the greater-male-variability perspective 
predicts sex differences in the distribution of coopera-
tion behaviors, which cannot be detected by focusing 
on mean cooperation levels alone. Published research 
on sex differences in cooperation has almost exclu-
sively focused on differences in central tendency, a 
focus that would have caused previous researchers to 
overlook sex differences in the distribution of behav-
iors. An exception is the work of Poen and Gächter 
(2013), who study sex differences in dynamic public-
goods games. Because greater male variability has not 
been the focus of previous social-dilemma research, 
variability indices are seldom reported separately for 
men and women. Therefore, in Study 1, we collected 
40 raw data sets in order to conduct a meta-analysis of 
greater male variability in cooperation behaviors. In 
Study 2, we extended our inquiry into the domain of 
organizational citizenship behavior.

Statement of Relevance 

Cooperation is essential in a large number of social  
situations, including voting, tax compliance, environ-
mental protection, charitable giving, corruption, team-
work, organ donations, and (in the current COVID-19 
pandemic) self-isolation, hoarding, and social dis-
tancing. An important question is what predicts 
cooperation in these and similar situations. One 
potential predictor is gender. In this research, we 
asked whether women and men behave differently 
when they are tasked to cooperate. To address this 
question, we examined the results of more than 40 
studies of cooperation behavior in social dilemmas 
and organizational citizen ship situations. Across 
more than 20,000 par tici pants, women and men 
did not differ in terms of their average cooperation 
levels. However, men were more likely to behave 
either selfishly or altruis tically, whereas women were 
more likely to be mod er a tely cooperative. These 
findings highlight the importance of taking intrasex 
variability into account in considering whether 
women and men show important differences in 
their social behaviors.
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Study 1

Method

Study context and cooperation measurement. In 
Study 1, we examined cooperation in public-goods games 
(e.g., Ledyard, 1995). The public-goods game is basically 
a prisoner’s dilemma game, but unlike the traditional pris-
oner’s dilemma game, it allows for more players and a 
continuous strategy space. In the standard public-goods 
game, two or more players (n) endowed with e monetary 
units simultaneously choose a contribution gi ∈ [0, e]. 
Monetary payoffs are

π = − +−i i i i jj
ng g e g a g( , ) .=∑ 1

Participants’ earnings are equal to their endowment 
minus their contribution plus the sum of all contribu-
tions multiplied by a, the marginal per capita return. 

For 
1
n  < a < 1, this game is a social dilemma: Individual 

payoff maximization calls for zero contributions, 
whereas from the group’s perspective, full contributions 
would be optimal. We studied three variants of this 
game: In the one-shot game (a), players interact only 
once and choose their contributions simultaneously; in 
the dynamic game (b), players play a series of consecu-
tive public-goods games in stable groups and receive 
information about the contributions of the other players 
after every round of play; and in the strategy-method 
version of the game (c), players can condition their 
contribution on the average contribution of the n – 1 
other players in the group. For dynamic games, we 
focus on the first-round contributions, as they measure 
participants’ willingness to cooperate at the onset of a 
repeated interaction, when decisions are still indepen-
dent of observed behavior. The strategy-method data 
are from studies adopting the experimental design 
introduced by Fischbacher, Gächter, and Fehr (2001). 
Unlike in the other variants of the game, this design 
removes the strategic uncertainty regarding the other 
participants’ behavior and allows us to identify types 
of cooperative behaviors.

To answer our research question, we needed vari-
ability measures of cooperation behaviors, such as stan-
dard deviations, separately for men and women. 
However, after we carefully reviewed the literature, it 
became apparent that virtually all social-dilemma stud-
ies focus on mean cooperation levels and do not report 
separate variability measures for the two sexes. A tra-
ditional meta-analysis approach of collecting summary 
statistics from published articles was therefore not fea-
sible. Instead, we had to conduct a meta-analysis of 
individual participant data, also referred to as integra-
tive data analysis, which is uncommon in psychology 

but widely used in other fields, such as medicine (Curran 
& Hussong, 2009). An integrative data analysis is the 
pooled analysis of multiple individual data sets in one 
combined data set.

Given the sheer number of public-goods-games stud-
ies, it was not feasible to conduct a comprehensive 
individual-participant data analysis of the entire public-
goods-games literature. To achieve a balance between 
what is desirable (i.e., sufficient statistical power for 
hypothesis testing) and what is feasible in terms of avail-
able data sets and cost of data collection, we conducted 
a power analysis to determine the number of observa-
tions required to test our hypotheses. The standard mea-
sure of the effect size for variability is the variance 
ratio—in our case, the ratio between male and female 
variance in contributions. To obtain information on 
expected effect sizes, we searched the literature for suit-
able variance ratios but could not identify studies report-
ing variance ratios for social-dilemma experiments. 
However, there is a sizeable literature on male:female 
variance ratios in mathematics as well as in verbal and 
spatial performance. A survey of this literature (Hyde, 
2014, p. 391) found variance ratios within a relatively 
narrow range from 1.03 to 1.27. For our power analysis, 
we aimed for a middle ground in this range and calcu-
lated the required power to detect a variance ratio of 
1.10. The power analysis for a two-sample variance test 
with a power of .80 and a Type I error rate of .05 requires 
a sample of 6,918 observations. We used this to guide 
our individual-participant-data search process.

Data sets. To achieve the required sample size, we went 
to great lengths and contacted a large number of authors of 
experimental public-goods-games studies. Studies were 
drawn from the extensive and homogeneous pool (i.e., 
standardized experimental procedures) of public-goods-
games studies to achieve a “random sample of random 
samples,” as recommended by Curran and Hussong 
(2009, p. 93). We continued data collection until we 
exceeded the required sample size by a comfortable 
amount. Ultimately, we were able to compile a unique 
data set consisting of the original raw data of 40 samples 
from 23 social-dilemma studies with a total sample size 
of 8,123 observations. All articles in our sample report 
data from public-goods-games experiments run under 
the methodological standards of experimental economics 
(incentivized decisions, randomized group assignment, 
anonymous decisions, and no deception). Table 1 pro-
vides an overview of the 40 samples included in our 
study. The table reports the location of the experiments, 
the number of observations, the sex ratio, and the game 
parameters.

The upper half of Table 1 shows the data sources of 
the one-shot version of the public-goods game.1 The 
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lower half shows studies that used the dynamic version 
of the public-goods game (i.e., games in which a stable 
group of participants play several repetitions of a 
public-goods game).2 As indicated in Table 1, we also 
added four new data sets of our own to the sample. In 
Section S1 in the Supplemental Material available 
online, we provide information about the experimental 
procedures of these studies. In total, our sample con-
tained individual observations of 8,123 participants. 
None of the studies included here (including our own) 
originally focused on sex differences, so experimenter 
demand effects or publication bias should not influence 
our inferences about sex differences. For the analysis, 
the contributions of all data sources were rescaled to 
the interval [0, 1]. In the following section, we discuss 
the findings of our meta-analysis in which we used 
restricted maximum-likelihood random-effects models 
(Raudenbush, 2009).

Results

Mean cooperative behavior. We first analyzed aver-
age cooperation levels, for which we expected no sex 
differences. The overall sample of contribution decisions 
(one-shot and dynamic) consisted of 7,560 participants 
from 36 samples (see Tables S1 and S3 in the Supplemen-
tal Material for details). In a first step, we calculated 
Cohen’s d and bootstrapped standard errors for each 

individual sample separately (2,000 replications). The 
sample-size-weighted mean effect size for sex was small 
and nonsignificant, d = 0.021, 95% confidence interval 
(CI) = [−0.036, 0.078]. The heterogeneity measures of the 
model, Q(35) = 48.37, p = .066, τ2 = 0.005, suggest that, 
although there is some variation in the effect sizes across 
studies, it is small given conventional cutoffs for hetero-
geneity measures (see Fig. S3 in the Supplemental Mate-
rial for a forest plot).

Figure 1 shows the results across all samples, sepa-
rately for each sex and for the three strategic situations. 
Contributions in the one-shot game (Fig. 1a) were iden-
tical: Both female and male participants contributed 
56.4% of their endowment. In the first period of the 
dynamic game (Fig. 1b), we observed slightly lower 
contributions by female than by male participants 
(52.3% vs. 54.9%, respectively), but the difference did 
not reach significance. Finally, Figure 1c shows the 
results of the strategy-method games. The strategy-
method version of the game was used in 13 samples, 
with a total of 4,048 participants. Again, we observed 
very similar cooperation levels for men and women 
(female: 41.6%, male: 40.6 %; see Fig. S6 in the Supple-
mental Material for a forest plot).3 Overall, and in line 
with most previous social-dilemma research and social-
role theory, our results showed no evidence for differ-
ences in mean cooperation levels between the two 
sexes.
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Fig. 1. Mean contribution in the (a) one-shot, (b) dynamic, and (c) strategy-method games, separately for 
male and female participants (Study 1). Means of the study are weighted by the number of observations. All 
contributions are rescaled to the interval [0, 1]. Error bars indicate bootstrapped 95% confidence intervals.
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Variance in cooperative behavior. On the other hand, 
our meta-analytic results strongly supported our hypoth-
esis of larger variance in male contributions. We calculated 
the log variance ratio, ln(VR), for each study and used 
bootstrapping to derive standard errors. A meta-analysis of 
the combined data set of one-shot and dynamic games 
with 7,560 participants from 36 samples demonstrated an 
ln(VR) significantly larger than zero, ln(VR) = 0.26, 95%  
CI = [0.20, 0.32]. This translates to a variance ratio of 1.30, 
which is larger than what has been found in the litera-
tures on sex differences in variability of mathematics as 
well as in verbal and spatial performance (Hyde, 2014).4 
The heterogeneity measures do not suggest that the effect 
varies greatly between studies, Q(35) = 41.56, p = .206,  
τ2 = 0.004 (see Fig. S4 in the Supplemental Material for a 
forest plot).

To illustrate the magnitude of the effect, we show 
the ratio of the relative frequencies of male and female 
contributions in the combined sample (Fig. 2a). For 
expositional ease, we divided contributions into five 
bins: a bin for 0 (selfish), a bin for full contribution 
(altruist), and three equally sized bins for intermediate 
contributions. We treated the corner solutions (0 and 
1) as separate cases because, as is usually the case with 
public-goods games, considerable fractions of the 
observations fall into these two categories (36% in the 
overall sample). We pooled the data of the one-shot 
and dynamic public-goods games (for histograms of 
the contributions, see Figs. S1 and S2 in the Supple-
mental Material). We observed selfish behavior (contri-
bution of 0) in 14.5% of the cases for male participants 
and in 7.7% of the cases for female participants. In other 
words, the fraction of free riders is 1.88 times larger 
among male participants, or (to put it another way) for 
every 100 selfish female participants, there were 188 
selfish male participants. For altruistic behavior (full 
contributions), we found 132 male participants for 
every 100 female participants. Conversely, for the three 
intermediate categories, we observed ratios below 1, 
indicating that these strategies were more popular 
among female participants.

We then calculated risk ratios for the relative fre-
quency of extreme strategies. The risk ratio is the frac-
tion of males opting for 0 or full contributions relative 
to all male participants, divided by the fraction of 
females opting for these contributions relative to all 
females. The overall risk ratio from a random-effects 
model for binary data was 1.52, 95% CI = [1.37, 1.68]. 
In contrast to the variance ratios, our data seem to 
indicate moderate heterogeneity for risk ratios across 
studies, Q(35) = 65.34, p = .001, τ2 = 0.030 (see Fig. S5 
in the Supplemental Material for a forest plot). We 
therefore examined several potential moderators of sex 
differences in cooperation, as identified in previous 
research (Balliet et al., 2011): game parameters (group 

size, endowment, marginal per capita return), strategic 
situation (one-shot, dynamic, strategy method), sample 
type (convenience sample, representative), and location 
(lab, field; see Table 1 for details). The risk ratio was 
regressed onto this set of moderators, but none of the 
weights reached statistical significance.

Cultural variables have also been studied as modera-
tors in the context of cooperation behaviors. Of par-
ticular relevance here is the cultural dimension of 
individualism-collectivism. Members of collectivistic 
cultures tend to emphasize harmonious relationships 
and to organize themselves into cohesive groups, for 
which they feel responsible; members of individualistic 
cultures expect individuals to look after themselves. 
Because culture is considered an important determinant 
of human behavior, it may be that sex differences, includ-
ing differences in cooperation variance, would be nulli-
fied by the need for harmonious relationships and group 
well-being. Our data set contained 12 samples from col-
lectivistic cultures and 24 samples from individualistic 
cultures. We found that participants from individualistic 
cultures were significantly more likely to contribute 
either none or all of their endowment (with no system-
atic effect on average contributions). However, individu-
alism does not explain the variation in sex differences 
in our random-effects meta-regression for the risk ratio. 
Thus, although it seems that there is some cultural varia-
tion in the distribution of cooperation decisions, we did 
not find evidence for culture as a moderator of sex dif-
ferences in the distribution of cooperation.

Types of cooperative behavior. The finding that men 
are substantially more likely to choose extreme strategies 
is not confined to games with strategic uncertainty. Using 
the standard classification (Fischbacher et al., 2001; Thöni 
& Volk, 2018), we distinguish between four types of 
cooperation preferences in our strategy method sample: 
(a) free riders never contribute, (b) triangle cooperators 
increase their contribution in response to the contribu-
tion of others up to some point and decrease it thereafter, 
(c) conditional cooperators contribute consistently more 
whenever others contribute more, and (d) unconditional 
cooperators make a constant contribution (usually the 
maximum contribution) irrespective of the contributions 
of others.

We identified these types in 17 samples with a total 
of 4,611 participants. Figure 2b shows the ratio of the 
relative frequencies of the four types and the residual 
category in the entire sample. The types are ordered 
by the average contribution observed in the respective 
schedules (numbers in parentheses). For free riders, 
this average is zero by definition. For the remaining 
types, we observed the highest average contribution 
for unconditional cooperators, followed by conditional 
cooperators. In the overall sample, 22.1% of male 
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participants fell into the category of free riders, whereas 
15.0% of female participants did. Triangle cooperators 
and unclassified schedules were more frequent among 
female participants. The most frequent type, conditional 
cooperator, was also more prevalent among female par-
ticipants. Finally, the most altruistic type, the uncondi-
tional cooperator, was more prevalent among male 
participants (see Table S5 in the Supplemental Material 
for an overview and Figs. S7–S10 for meta-analytic 
results on the types). Taken together, our findings pro-
vide strong support for our greater-male-variability 
hypothesis.

The finding that there were no systematic differences 
in average contributions but large differences in vari-
ability between the two sexes was reflected across the 
individual studies in our sample. Figure 3a shows the 
average effect of sex in the one-shot and dynamic 

experiments. Most studies found nonsignificant mean 
differences. Studies that found significant mean differ-
ences can be seen at both ends of the scale; the com-
bined effect (indicated by the diamond) is close to zero 
and nonsignificant. On the other hand, the higher male 
inclination toward extreme strategies is confirmed in 
each data set. Figure 3b shows the differences in the 
percentage of extreme strategies (both selfish and altru-
istic). In the combined sample, 42.7% of the male par-
ticipants behaved either selfishly or altruistically. Among 
female participants, the percentage was 29.0%, or 13.7 
percentage points lower. Across the studies, the differ-
ence between male and female participants was always 
positive and ranged from 3 to 41 percentage points (see 
Tables S1 and S3 in the Supplemental Material for 
details, and see Tables S2 and S4 in the Supplemental 
Material for regression analyses).
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Study 2

Method

Although our main focus is on social-dilemma coopera-
tion, an important question is to what extent our find-
ings generalize to a broader prosocial-behavior literature. 
To answer this question, we searched the organizational 
citizenship behavior (OCB) literature for gender-specific 
variance differences. OCB is often defined as the gen-
eral tendency to be cooperative and helpful at work 
(LePine, Erez, & Johnson, 2002). Although OCB and 
cooperation are not isomorphic, much of the OCB lit-
erature focuses on its helping-related factors, one of 
which is cooperation. Given the interpersonal nature 

of cooperation, we focused on OCB toward individuals 
rather than organizations.

As a first step toward identifying relevant articles, we 
conducted a 6 × 6 keyword search across PsychINFO, 
Web of Science, Taylor and Francis, and Scopus using 
each possible combination of “organizational citizenship 
behavior,” “OCB,” “contextual performance,” “prosocial 
organizational behavior,” “extra-role behavior,” or “coop-
eration” with “sex,” “gender,” “female,” “male,” “men,” or 
“women” in the 50 highest-ranked business and manage-
ment journals by the Financial Times (FT50) and in five 
other journals that publish work on OCB (Journal of Orga-
nizational Behavior, Personnel Psychology, Leadership 
Quarterly, Journal of Occupational and Organizational 
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Psychology, and Journal of Vocational Behavior). We 
included gender keywords because we were expecting 
studies with a focus on gender to be more likely to use 
gender-specific variability measures. As a second step, 
we searched the reference lists of three recent OCB 
meta-analyses (Carpenter, Berry, & Houston, 2014; 
Chiaburu, Oh, Berry, Li, & Gardner, 2011; Eatough, 
Chang, Miloslavic, & Johnson, 2011) and included all 
relevant studies in our search as well. In addition, we 
solicited published and unpublished studies using Acad-
emy of Management LISTSERVs, asking authors to send 
us information about gender-specific means and variances 
of their OCB measures. Finally, we conducted a free 
search in the above databases and in Google Scholar for 
studies reporting gender-specific means and variances for 
OCB measures.

These four steps returned 374 articles. We included 
all articles in which one of the above-listed OCB-related 
behaviors was studied, as long as they had a broad 
focus on individuals (i.e., interpersonal cooperation) 
rather than purely on organizations. However, as was 
the case with Study 1, we found very few articles that 
reported variability measures separately for men and 
women, even among articles that focused on gender 
differences. This demonstrates that variability measures 
have been largely neglected in previous OCB research. 
Nevertheless, we were still able to identify 28 pairs of 
variances from 23 articles. When articles reported gender-
specific variances for multiple relevant outcomes, we 
selected the measure closest to standard, individually 
oriented OCB construct definitions. This resulted in a 
total sample of 13,985 independent participants (52.1% 
female), which exceeded the required sample size 
according to our power analysis (i.e., 6,918 observa-
tions) by a comfortable margin. Table 2 shows the 
means and variances for male and female respondents 
on the OCB measures reported in these articles.

Results

Our meta-analytic approach in Study 2 was identical to 
our approach in Study 1 with one exception. In Study 
1, we were able to calculate bootstrapped standard 
errors from raw data, but in Study 2 we had access only 
to summary statistics. In Study 2, we therefore derived 
confidence intervals for the variance ratios using the 
standard deviations reported in the articles.5

The 28 samples included in our analysis provide 
consistent evidence for greater male variability in OCB. 
Table 2 provides an overview of the studies with the 
effect sizes for means (Cohen’s d) and variability (variance 
ratio). For the majority of samples, the variance ratios are 
above 1, indicating that males exhibit more variability in 
citizenship-related behaviors than females do. Because the 

measures in these studies are of generalized cooperative 
behavior rather than the monetary allocations that are 
specific to public-goods games, they allay concerns that 
extreme male responses in public-goods games are due 
to the artificiality of the task.

The meta-analytical results are surprisingly similar 
to those of Study 1. We found no evidence for sex dif-
ferences in means, d = 0.10, 95% CI = [−0.29, 0.49] (see 
Fig. S11 in the Supplemental Material), but highly sig-
nificant sex differences in variability, ln(VR) = 0.20, 95% 
CI = [0.12, 0.28]. The overall variance ratio of 1.22 is 
slightly lower than in Study 1 but still substantial com-
pared with the variance ratios reported in the broader 
literature (Hyde, 2014).6 The heterogeneity measures 
for the variance ratios indicate some differences across 
studies, Q(27) = 51.93, p = .003, τ2 = 0.020 (see Fig. S12 
in the Supplemental Material for a forest plot), which 
is not surprising given that the studies involved data 
from a wide variety of participants and cultural 
backgrounds.

As in Study 1, we examined the cultural dimension 
of individualism-collectivism as a potential moderator. 
Our data set in Study 2 contained 21 samples from 
individualist countries and seven samples from collec-
tivist countries. We did not find evidence for culture as 
a moderator for the variance ratio in OCB.

Discussion

Our meta-analysis of social-dilemma studies based on 
40 samples with 8,123 participants strongly supports 
our hypotheses and provides empirical evidence of 
greater male variability in cooperation. Our second 
meta-analysis of OCB studies based on 28 samples with 
13,985 participants demonstrates that these findings are 
not restricted to experimentally measured behaviors. 
These results corroborate theories that explain sex dif-
ferences not only from a social-role perspective but 
also from an evolutionary perspective, according to 
which one sex will display greater intrasex variability 
in phenotypes because of greater variability in heritable 
traits (Archer & Mehdikhani, 2003; Arden & Plomin, 
2006; Wilcockson, Crean, & Day, 1995). This perspective 
builds on Bateman’s principle (Bateman, 1948), accord-
ing to which diversification of phenotypes is more 
adaptive for the sex that faces more intense intrasexual 
competition and more vetting by the other sex. Accord-
ing to parental-investment theory (Trivers, 1972), this 
is the male sex for most species because of lower 
parental investment and more chances to reproduce. 
Consistent with our hypotheses, results of our large-
scale analyses indicate that this is indeed the case for 
cooperative behaviors: Greater male variability in coop-
eration was reflected across all studies and strategic 
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situations included in our analysis of social-dilemma 
studies and was equally present in the OCB studies we 
analyzed.

Our theories and findings provide important implica-
tions for future research on sex differences in cooperation. 
One important implication relates to the existence of sex 
differences in social-dilemma situations. Social-dilemma 
researchers have long grappled with the question of 
whether men and women differ systematically in their 
cooperation behaviors (Balliet et  al., 2011; Croson & 
Gneezy, 2009; Eckel & Grossman, 2008). Similarly, OCB 
researchers have investigated sex differences but found 
no evidence for significant gender effects (Ng, Lam, & 
Feldman, 2016). By focusing on variability of behaviors 
rather than central tendencies, we were able to provide 
evidence for strong and systematic sex differences in the 
distribution of cooperation behaviors. This finding is 
important given that cooperation is not the only area in 
which the prevailing focus on central tendency may have 
masked important sex differences in the tails of the dis-
tribution. As a result, researchers may have underesti-
mated the magnitude of gender differences in many areas, 
and future research should focus on the extent to which 
this might be the case for related topics, such as decision 
making under risk, attitudes toward competition, and trust 
and reciprocity. As of this writing, public-health officials 
are grappling with overreactors and underreactors to the 
COVID-19 pandemic. The overreactors engage in extensive 
hoarding (Barrett, 2020), and the underreactors make a 
point of poking the coronavirus bear (Kasabian, 2020). 
To our knowledge, efforts to understand these extremes 
have focused on personality and life-situation variables, 
but perhaps they should also focus on sex.

Our research also speaks to the role of environmen-
tal inputs and context for sex differences in cooperation 
as emphasized by social-role theory. Indeed, the most 
recent major analysis of sex differences in social dilem-
mas concluded that sex differences in cooperation 
emerge mainly as a result of contextual factors (Balliet 
et al., 2011). Our finding of no sex differences in mean 
cooperation levels is in line with the predictions of social-
role theory, given that public-goods games provide no 
contextual cues that could trigger gender-role-specific 
behaviors. However, our finding of systematic sex differ-
ences in the variability of cooperation behaviors indicates 
that some sex differences in cooperation might exist that 
are not context or social-role specific.

In conclusion, although the main focus of our article 
was on sex differences in social-dilemma cooperation, 
we found similar results for OCBs. Overall, our results 
suggest that for the science of human cooperation and 
potentially many other areas—such as decision making 
under risk, attitudes toward competition, and trust and 
reciprocity—focusing on variability in behaviors (and 
evolutionary-evolved sex differences) may be just as 

illuminating as central tendencies (and socially primed 
sex differences).
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Notes

1. Many of these studies used the Fischbacher et al. (2001) 
design to elicit both a one-shot contribution and a vector of 
conditional contributions, whereas some are ordinary one-shot 
experiments. In this study, we did not distinguish between 
the unconditional contribution elicited by the Fischbacher 
et al. design and the contribution elicited in ordinary one-shot 
games, even though they are strategically different. They are 
different because in the Fischbacher et al. design, one player in 
the group can react to the contributions of others, whereas in 
the ordinary one-shot game, all contributions are chosen simul-
taneously. However, in our data, we observed no significant dif-
ferences in contributions between the two strategic situations. 
But even if there were systematic differences, there is no reason 
to expect that these differences are relevant for our primary 
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research question regarding variance differences. For two stud-
ies (Kocher, Cherry, Kroll, Netzer, & Sutter, 2008; Weber, Weisel, 
& Gächter, 2018), we received the conditional contributions but 
not the unconditional contributions.
2. An important source of data is the cross-cultural study by 
Herrmann, Thöni, and Gächter (2008), who reported results 
from repeated public-goods games with participants from 
16 subject pools with various cultural backgrounds. Table 1 
shows data for 14 cities in which the study was conducted. 
We dropped two locations from the original study (Riyadh and 
Minsk) because the number of female participants was too low 
(< 5%) to draw meaningful inferences about gender differences. 
Furthermore, we used only the observations in which the stan-
dard public-goods game was played in the first sequence, leav-
ing us with 888 observations from this study.
3. In the strategy method, participants complete a contribution 
schedule, specifying their desired contribution for all possible 
average contributions of the other participants in their group. 
In addition, the participants choose an unconditional contribu-
tion. A random device selects one member of the group as 
conditional contributor. The unconditional contributions of the 
other group members are used to calculate the average, and 
the contribution schedule of the selected participant is used to 
determine his or her contribution. To calculate an average con-
tribution from these schedules, we determine each participant’s 
contribution as the average of 10,000 random matches with 
other participants in the sample of the respective study.
4. In the main analysis, we treated each sample as an inde-
pendent observation. In our view, this is justified because all 
experiments included were clearly separated by either time (if 
from the same lab) or geographical location. Nevertheless, we 
used robust variance estimations to account for possible depen-
dencies (Hedges, Tipton, & Johnson, 2010). We considered two 
dependencies: (a) among samples from the same publication 
(e.g., all the studies with a code starting with HTG08), and 
(b) among samples stemming from the same laboratory (e.g., 
FGF01 and FG10). In both cases, our results remained highly 
significant, and the estimated variance ratios were very close 
to our main specification—ln(VR) = 0.24, 95% CI = [0.17, 0.30], 
VR = 1.27, and ln(VR) = 0.27, 95% CI = [0.20, 0.34], VR = 1.31.
5. We used the standard deviations for male and female OCB 
scores, sm and sj, to calculate the variance ratio s2

m/s2
f. Assuming 

normal distribution of the OCB measure, we can calculate the 
95% CI for the variance ratio using the F distribution with  
nm – 1 and nf – 1 degrees of freedom:

1
,

.025

2

2 .025

2

2F

s

s
F

s

s
m

f

m

f












.

6. Our results did not depend on the selection of the dependent 
variables (for the cases in which there were multiple OCB-like 
measures available). We found very similar results even when 
we selected the dependent variables least supportive for greater 
male variability, ln(VR) = 0.18, 95% CI = [0.09, 0.26], VR = 1.19, 
or when we included all variables reported in Table 2 using 
robust variance estimations, ln(VR) = 0.24, 95% CI = [0.15, 0.33], 
VR = 1.27.
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