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Although laboratory experiments document cooperative behavior
in humans, little is known about the extent to which individual
differences in cooperativeness result from genetic and environ-
mental variation. In this article, we report the results of two
independently conceived and executed studies of monozygotic
and dizygotic twins, one in Sweden and one in the United States.
The results from these studies suggest that humans are endowed
with genetic variation that influences the decision to invest, and to
reciprocate investment, in the classic trust game. Based on these
findings, we urge social scientists to take seriously the idea that
differences in peer and parental socialization are not the only
forces that influence variation in cooperative behavior.
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M any mutually beneficial transactions involve an element of
interpersonal trust and may fail to materialize in the
absence of an expectation that trust will be reciprocated. The
prevalence of trust in a society has therefore been assigned
primacy in a number of domains, for instance empirical (1) and
theoretical (2) studies of economic growth. In recent years, the
trust game (3) has emerged as a favorite instrument to elicit an
individual’s interpersonal trust and willingness to reciprocate
trust. More generally, the game has been widely used to study
cooperative behavior. In a trust game, an individual (the inves-
tor) decides how much money out of an initial endowment to
send to another subject (the trustee). The sent amount is then
multiplied by some factor, usually three, and the trustee decides
how much of the money received to send back to the investor.
The standard game-theoretic prediction for a single anonymous
interaction between two purely self-interested individuals is for
the investor to send nothing, rationally anticipating that the
trustee will not reciprocate. Yet, experiments consistently show
that cooperation flourishes in the trust game; the average
investor sends a significant share of her endowment, and most
trustees reciprocate (4). A voluminous body of theoretical and
experimental work examines the mechanisms through which
natural selection can favor cooperation, and proposed mecha-
nisms include kin selection (5), reciprocity (6), indirect reciproc-
ity (7), and group selection (8). These models offer different
accounts for the ultimate explanation for the existence of
cooperation and also generate different predictions about ge-
notypic variation in equilibrium (9).

To investigate whether humans are endowed with genetic
variation that could help account for individual differences in
trust game behavior, two separate teams of researchers inde-
pendently conceived and executed a very similar experiment on
twins [see supporting information (SI) for experimental proce-
dures]. These teams became aware of each other for the first time
after all data had been collected. One team recruited 658
subjects from the population-based Swedish Twin Registry, and
the other team recruited 706 subjects from the 2006 and 2007
Twins Days Festivals in Twinsburg, OH. Both teams adminis-
tered the trust game to (identical) monozygotic (MZ) and
(nonidentical) dizygotic (DZ) same-sex twin pairs. The game
was played with real monetary payoffs and between anonymous
partners.
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Because MZ twins share the same genes, whereas the genes of
DZ twins are only imperfectly correlated, MZ twins should
exhibit higher correlation in their behavior than DZ twins if
genetic differences help explain heterogeneity in strategies.
Moreover, if we assume that MZ and DZ twins share compa-
rable environments, then we can use these correlations to
estimate explicitly the relative influence of genetic and environ-
mental factors on behavioral variation. Specifically, we conduct
a mixed-effects Bayesian ACE analysis that uses decisions in the
trust game to estimate the degree to which variation in trust and
trustworthiness is influenced by genetic factors (A), environ-
mental factors shared or common to cotwins (C), and unshared
environmental factors (E), which are specific to each twin (see
SI). The analysis provides estimates of proportions of observed
variance in cooperative behavior due to the respective effects of
A, C, and E. This method generates 95% credible intervals (C.1.)
that permit us to test the hypothesis that a factor plays no role
(i.e., explains 0% of the variance; see SI).

Some scholars have objected to the assumption that MZ and
DZ environments are comparable, arguing that MZ twins tend
to be more influenced by one another and are treated more
similarly by their parents than DZ twins (10). If so, then greater
similarity in MZ twins might merely reflect that their shared
environments cause them to become more similar than DZ
twins. However, studies of twins raised together have been
validated by studies of twins reared apart (11), suggesting that
the shared environment does not exert substantially enhanced
influence on MZ twins. Moreover, personality and cognitive
differences between MZ and DZ twins persist even among DZ
twins whose zygosity has been miscategorized by their parents
(12), indicating that being mistakenly treated as an identical twin
by one’s parents is not sufficient to generate observed differ-
ences in similarity. Further, although MZ twins are sometimes in
more frequent contact with each other than DZ twins, it appears
that twin similarity may cause greater contact rather than vice
versa (13).

To evaluate whether the MZ and DZ samples differ, we
performed a series of tests on the mean difference between
MZ and DZ twins for a number of variables (see Table 1). In
the Swedish sample, high P values suggest that differences
between types of twins are not significant for education (P =
0.95), gender (P = 0.35), trust (P = 0.35), trustworthiness
(P = 0.53), cognitive ability (P = 0.64), emotional stability
(P = 0.43), agreeableness (P = 0.54), extraversion (P = 0.63),
and conscientiousness (P = 0.85). In the U.S., differences were
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Table 1. Summary statistics and twin comparisons

Swedish sample U.S. sample
MZ twins DZ twins MZ twins DZ twins
Mean SD Mean SD P Mean SD Mean SD P
Education 0.69 0.46 0.70 0.46 0.95 0.65 0.48 0.71 0.45 0.26
Female 0.78 0.41 0.83 0.38 0.35 0.80 0.40 0.81 0.40 0.91
Age 324 7.4 34.6 7.5 0.03 36.9 16.7 32.4 14.8 0.02
Trust 0.77 0.28 0.80 0.25 0.26 0.52 0.27 0.51 0.25 0.87
Trustworthiness 0.39 0.15 0.40 0.16 0.53 0.45 0.25 0.45 0.24 0.90
Cognitive ability 0.01 0.98 -0.04 1.05 0.64
Emotional stability —-0.02 1.00 0.07 1.01 0.43
Agreeableness 0.02 0.98 —-0.05 1.07 0.54
Extraversion 0.01 0.99 —0.04 1.03 0.63
Conscientiousness -0.00 1.00 0.02 0.99 0.85

Education assumes the value 1 if the individual attended at least some college. Trust is the fraction sent, and trustworthiness is the fraction returned in the
trust game. Psychological measures were adjusted to have mean 0 and standard deviation 1 for the whole sample. Tests of equality take into account the
correlation between subjects by using the GEE cluster-robust variance—covariance matrix of Liang and Zeger (14). These data show that MZ and DZ twins differ
significantly only in age, suggesting that MZ and DZ twins are drawn from very similar environments. To ensure that age is not a factor in the Swedish and U.S.
experiments, we analyzed separate models for above- and below-median age subjects, and we find no significant differences in the estimates.
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Fig. 1. Distribution of trust and trustworthiness responses, by zygosity. Blue bars indicate frequencies for MZ twins, and yellow bars indicate frequencies for
DZ twins. Upper shows trust, which is the percentage of endowment sent by investor to trustee. Lower shows trustworthiness, which is the percentage returned
by the trustee to the investor. Left shows results for Sweden, and Right shows results for the U.S. For amount sent, the Swedish experiment permitted only six
choices, whereas the U.S. experiment permitted 11.

3722 | www.pnas.org/cgi/doi/10.1073/pnas.0710069105 Cesarini et al.


http://www.pnas.org/cgi/content/full/0710069105/DC1

SINPAS

yd

Table 2. Genetic models of trust (fraction sent in the trust game)

Heritability, Common Unshared
Model h2 environment, ¢2 environment, e2 DIC Dbar pD
Swedish sample
ACE 0.20 (0.03, 0.38) 0.12 (0.02, 0.31) 0.68 (0.56, 0.81) 13,087.54 12945.12 142.42
AE 0.32 (0.18, 0.45) 0.68 (0.55, 0.82) 13,084.79 12940.47 144.32
CE 0.27 (0.14, 0.41) 0.73 (0.60, 0.86) 13,096.41 12974.09 122.32
E 1.00 (1.00, 1.00) 13,143.04 13141.02 2.02
U.S. sample
ACE 0.10 (0.04, 0.21) 0.08 (0.03, 0.16) 0.82 (0.72, 0.90) 13,522.55 13409.79 112.75
AE 0.16 (0.06, 0.27) 0.84 (0.73, 0.94) 13,521.89 13421.22 100.67
CE 0.13 (0.05, 0.22) 0.87 (0.78, 0.95) 13,529.61 13449.49 80.11
E 1.00 (1.00, 1.00) 13,542.53 13540.54 1.99

These results show that we consistently found a significant proportion of variance in trust is due to heritability, and that the best-fitting models are those that
assume a role for genetic effects and the unshared environment (but not necessarily the common environment). The first column describes each model. ACE
models estimate a parameter for genetic (A), common environment (C), and unshared environment (E); AE models assume the common environment has no
effect, CE models assume there is no heritability, and E models assume only the unshared environment matters. Columns 2, 3, and 4 show the mean estimated
proportion of total variance attributable to genetic effects (h2), common environment (c?), and unshared environment (e2), with 95% credible intervals indicated
in parentheses below each estimate. Model fit is assessed using the deviance information criterion (DIC), which penalizes models for deviance (Dbar), capturing
model fit, and the effective number of parameters (pD), capturing model complexity. The results show that the AE model generates the best fit for both the

Swedish and U.S. samples. The empirical means, 95% credible intervals, and DICs are based on 1,000 draws from the posterior distribution.

demonstrate that heritability estimates are not significantly
different when we stratify the sample by age.

Results

Fig. 1 shows histograms of behavior in the trust game for the
Swedish and U.S. samples. The results are broadly consistent
with prior work showing a substantial tendency to trust and to
reciprocate trust in experimental settings. However, our primary
goal is to investigate whether individual differences in trust and
trustworthiness can, in part, be explained by genetic variation. A
first indication comes from examining the difference in corre-
lations between MZ and DZ twins. These results show that MZ
twins are consistently more similar in their behavior than DZ
twins. In the U.S. sample, nonparametric correlations are 0.13 vs.
—0.07 for trust and 0.26 vs. 0.06 for trustworthiness. In the
Swedish sample, the corresponding figures are 0.25 vs. —0.01 for
trust and 0.29 vs. 0.18 for trustworthiness. Note, however, that
the DZ correlations are estimated with less precision than the
MZ correlations because of a smaller number of DZ twins in
both of our samples.

The results of our mixed-effects Bayesian ACE analysis sug-
gest that variation in how subjects play the trust game is partially
accounted for by genetic differences (Tables 2 and 3 and Fig. 2).
In the ACE model of trust, the heritability estimate is 20% (C.I.
3-38%) in the Swedish experiment and 10% (C.I. 4-21%) in the
U.S. experiment. The ACE model of trust also demonstrates that
environmental variation plays a role. In particular, unshared
environmental variation is a much more significant source of
phenotypic variation than genetic variation (e?> = 68% vs. ¢ =
12% in Sweden and e? = 82% vs. ¢2 = 8% in the U.S.; P < 0.0001
in both samples). In the ACE model of trustworthiness, herita-
bility (h?) generates 18% (C.I. 8-30%) of the variance in the
Swedish experiment and 17% (C.I. 5-32%) in the U.S. experi-
ment. Once again, environmental differences play a role (e =
66% vs. ¢ = 17% in Sweden and e = 71% vs. ¢? = 12% in the
U.S.; P < 0.0001 in both samples).

In Tables 2 and 3, we also provide fit statistics to compare
results from an ACE model that includes all three factors with
models that drop A, C, or both, to determine which factors
significantly contribute to explaining the observed variance.
These comparisons show that either the ACE or the AE model
is the best-fitting model for trust and trustworthiness in both
experiments, suggesting that heritability consistently and signif-
icantly contributes to variance in cooperative behavior. Addi-
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tional analyses that separate the sample by age and gender do not
generate significantly different results (see SI).

Despite differences| in these independently conducted exper-
iments, the overall results are very similar. Moreover, we believe
that the reported estimates indicate a lower bound on heritability
and shared environment for two reasons. First, the estimate of
the variance explained by the unshared environmental differ-
ences includes all idiosyncratic error, including measurement
error. If our subjects had each played several rounds of the trust
game with different individuals, our measures of trust and
trustworthiness may have been more precise, which would have
yielded higher estimates of heritability and common environ-
mental influences. Second, one assumption of the ACE model
is that there is no assortative mating with respect to the trait of
interest. If preferences for cooperation are indeed heritable, and
if people who cooperate tend to mate with other cooperative
individuals, then this will increase the similarity in cooperative
behavior in their children. This inflates the correlation of the
genotypes of DZ siblings, making it harder to detect differences
in MZ and DZ twins. As a result, the more assortativity, the
more it biases downward the estimate of heritability.

Discussion

Our results are complementary to work on the neurological
(15-17) and hormonal (18-20) substrates of behavior in the
trust game and other similar social dilemma games. One
imaging study demonstrates that people derive satisfaction
from seeing cooperative norm violators being punished (17).
Enhanced oxytocin levels have been documented in subjects
who received a monetary transfer that reflected an intention
of trust (18), and later work has demonstrated that exog-
enously administered oxytocin (19) increases trust. Scholars
have also documented associations between cortisol (20) and
trust. These hormonal studies, therefore, indicate that further
study of polymorphisms of CYP11B1 (21), OXTR (22), and
other genes involved in the expression and regulation of these

IThere were several minor differences in implementation between the Swedish and U.S.
experiments. In Sweden, subjects were paired with other twins (not their sibling) and paid
several days later. Investors had six choices of how much to send the trustee, and trustees
used the strategy method (they indicated how they would react to any possible amount
sent prior to observing investor behavior). In contrast, subjects in the U.S. were paired with
nontwins and paid immediately. Investors had 11 choices of the amount to send the
trustee, and trustees observed investor behavior when deciding how much to send back.

PNAS | March 11,2008 | vol. 105 | no.10 | 3723

ANTHROPOLOGY

ECONOMIC SCIENCES


http://www.pnas.org/cgi/content/full/0710069105/DC1






http://www.pnas.org/cgi/content/full/0710069105/DC1




