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Why are some of us easily affected by the majority’s action whereas others frequently make unique choices? In this behavioral 
genetic study on conformity, we designed a social episode to investigate the genetic and environmental origin of individual dif-
ferences in conforming behavior during psychosocial development. Specifically, 107 monozygotic (MZ) and 74 dizygotic (DZ) 
twin pairs (age 7–19) were asked to choose a pen from a group of pens either with the majority color or with the minority color. 
We found that the resemblance between MZ twins in selecting the pen with the majority color was not significantly higher than 
that between DZ twins, suggesting that individual differences in conformity are due almost exclusively to the environment. 
Moreover, biometric model fitting revealed that the shared environmental component played a sizable role in shaping individuals’ 
conforming behavior, and the influence increased with age (from 16% to 26%). Taken together, our study suggests that the com-
mon family and cultural environment has important ramifications for conformity. 
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Imagine a situation in which a person orders a steak at a 
restaurant but a waiter kindly informs that the lamb is the 
best choice. Accordingly, this person may change the order 
to the lamb, the dish that most customers order, or he or she 
may stick with the original choice. In this social situation, 
ordering a dish is about much more than satisfying hunger 
or taste. Rather, it is a struggle to make a decision in ac-
cordance with internal judgment under external pressures to 
do otherwise (i.e., conformity). Previous studies have 
demonstrated significant individual differences in conform-
ing behavior [1–3], and the variance is thought to arise from 
environmental influences, such as parenting style [4] and 
cultural context [5]. However, little is known about the role 
of genetic influences, the flip-side of environmental influ-
ences, on conformity. In this study, we used the behavioral 
genetics approach to address two fundamental questions in 
social influences: (1) Is there any genetic component in 
conforming behavior; and (2) which environmental compo-
nent, shared or nonshared experiences, plays a more im-

portant role in shaping conforming behavior during psy-
chosocial development.  

Conformity is not just acting as other people act; instead, 
it is critical in social interaction for achieving social ap-
proval of others, building intimate relationships, enhancing 
self-esteem and for avoiding punishment for violating the 
norm [6,7]. However, conforming behavior differs signifi-
cantly across individuals, which is under influences from 
the social environment surrounding individuals. For exam-
ple, when asked to choose a pen out of a group of pens of 
two colors—one color in the majority and the other in the 
minority, individuals from different cultures show a distinct 
pattern of choices. Those from collectivistic culture (e.g., 
Chinese) prefer to choose a pen characterized by the major-
ity (i.e., conformity), whereas those from individualistic 
culture (e.g., Americans) prefer to choose a pen associated 
with uniqueness [5].  

In contrast to the multitude of studies focusing on the en-
vironmental influences on conformity, little is known about 
the genetic origin. Here we used a behavioral genetics ap-
proach to address this question. The most common design in 
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behavioral genetics is to compare the resemblance of 
monozygotic (MZ) twins versus that of dizygotic (DZ) 
twins to estimate the heritability of the phenotype tested [8]. 
Because MZ twins share all their genetic sequence but DZ 
twins share 50% of genes on average, the higher resem-
blance between MZ twins (as compared to DZ twins) indi-
cates the heritability of the phenotype. Besides, the twin 
study also helps decouple environmental influences from 
common family and social environment (i.e., twin similarity 
not accounted for by genetic effects) and from personal 
events (twin differences not due to genetic differences) [8]. 
In addition, because childhood is a critical period for psy-
chosocial development [9], studies on child twins help de-
pict genetic and environmental influences on the develop-
mental trajectory of conformity.  

To examine whether conforming behavior is heritable, 
previous studies used questionnaires to survey twins’ sub-
jective experiences with conformity [10–13]. In this study, 
we directly measured twins’ conforming behavior in a real 
social situation. Specifically, we created a social episode in 
which twins were asked to choose a pen from a group    
of five pens as a gift [5] (Figure 1(a)). Among the five pens, 
there was one pen with a different color than the rest.   
And twins had to make a choice between a pen whose color 
was just like other pens’ color (i.e., the majority) and a  
pen whose color was different from the rest (i.e., the minor-
ity). Because conforming behavior is likely induced not 
only by the pressure from peers but also by the label that 
objects are associated with (i.e., majority versus minority) 
even then explicit pressure is absent or normative responses 
are not immediately obvious [5], the preference for con-
formity or uniqueness is manifested through the very action 
of choice of pens. If conformity is heritable, we expect  
that MZ twins were more similar in their choice of pens 
than DZ twins.  

 
 
 

 

Figure 1  Stimuli and the development of conformity. (a) Pens used in the 
study. Pens were black-ink ball-point pens with four different barrel colors. 
Except the barrel color, the pens were essentially the same. Five pens were 
kept as a group, with one pen in a different color from the rest. The pen 
with the unique color was labeled as the minority; whereas the rest were 
labeled as the majority. (b) Conformity increases with age. The older chil-
dren showed a significant higher preference in choosing pens characterized 
by the majority color than the younger children. The y axis is the percent-
age of participants in choosing pens with the majority color. 

1  Methods 

1.1  Participants 

Three hundred and ninety-nine participants (age 7–19, mean 
= 12.8, SD = 2.67) were recruited from elementary and 
middle schools in Beijing, China. They consisted of 107 
pairs of MZ twins (age 7–19, mean = 12.9, SD = 2.67), 74 
pairs of DZ twins (age 7–18, mean = 12.2, SD = 2.23), and 
37 singletons. The zygosity of the twins was determined by 
a questionnaire on the physical resemblance, which has over 
95% accuracy in predicting blood-typed zygosity of twins 
[8], and was further validated by the number of placenta 
where necessary. The singleton participants were not in-
cluded in genetic analyses. All participants were carefully 
screened to ensure that they did not have a history of ex-
treme pregnancy/birth, or cognitive/neurological disorders. 
In addition, 162 college students (age 20–24, mean = 22.3, 
SD = 0.89) participated in an experiment assessing the va-
lidity of the implicit measure used in the twin study. The 
study was approved by the institutional review board of 
Beijing Normal University. Prior to testing, written in-
formed consent was obtained from the participants and/or 
from their parents or guardians.  

1.2  Procedure 

The participants were tested individually at their schools by 
trained experimenters. After a series of computer-based 
behavior tests, the participants were given a pen as a gift, 
along with other compensations. The pens were black-ink 
ball-point pens with four different barrel colors: orange, 
blue, green, and yellow. Except for the barrel color, the pens 
were essentially the same (e.g., the same design and the 
same quality). Before the test, five pens were kept in a box, 
and among the five, there was only one pen with a different 
color from the rest. Because in the pilot study we did not 
find excessive preference to one particular color, the two 
colors of the pens in a trial were randomly selected from the 
four colors, with the combinations of the colors being ap-
proximately balanced. During the test, the experimenter 
took all five pens from the box as naturally as possible, and 
the participant was asked to take one pen as a gift. When the 
participant made a choice, the experimenter recorded the 
choice. The change of the choice was not allowed. To avoid 
social pressure from peers and the possibility that MZ twins 
may interact in social situations more frequently than DZ 
twins [14], twins were tested individually in a quiet room 
where there were only one experimenter and one participant. 
Therefore, participants were unable to know the other’s 
choice at the time of testing. In addition, different combina-
tions of colors were presented to a twin pair to rule out pos-
sible confounding factors such as twins’ shared preference 
on color.  

To assess the validity of the implicit measure, we exam-
ined whether individuals who chose a pen with the majority 
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color were indeed inclined to show conformity in their daily 
activities. To do this, a new population of singleton college 
students was tested on the pen-choosing task along with a 
statement on their daily conforming behavior. The statement, 
“I don’t mind bragging about my talents and accomplish-
ments,” was selected from Big Five Personality Inventory 
(NEO Personality Inventory, Revised) [15]. The participants 
were asked to report the extent to which that their daily be-
havior matched the statement in a five-point Likert scale (1: 
strongly disagree; 5: strongly agree).  

1.3  Data analysis 

If a participant preferred conformity, he or she would 
choose a pen with the majority color. Thus, the amount of 
conformity in the population tested was calculated as the 
percentage of participants who chose the pen with the ma-
jority color [5]. In addition, to demonstrate the develop-
mental trajectory of conformity, all child participants (i.e., 
age between 7 and 19), including the singleton participants, 
were divided into two age groups: the younger children 
group (242 participants, age 7–13, mean = 11.0, SD = 1.46) 
and the older children group (157 participants, age 14–19, 
mean = 15.6, SD = 1.53). A stricter test of the relation be-
tween conforming behavior and age was performed by a 
logistic regression analysis with age being a continuous 
variable.  

To investigate possible genetic effects on conformity, the 
concordance rate (i.e., the resemblance in choosing pens 
between twins) was calculated as the percentage of twin 
pairs who made the same choice (i.e., both choosing pens 
either with the majority color or with the minority color). 
Similarly, the discordance rate was calculated as the per-
centage of twin pairs who made different choices. Clearly, 
the sum of the concordance rate and discordance rate was 
100%. Nonparametric Chi-square tests were used to test 
whether the uniqueness of pens significantly affected the 
choice between genders, between age groups (i.e., younger 
versus older children), and between zygosity groups (i.e., 
MZ versus DZ twins).  

To estimate the proportions of variance in conformity 
accounted for by genetic and environmental influences, lia-
bility-threshold model-fitting analyses were performed with 
OpenMx [16]. In addition, the genetic and environmental 
components were tested for heterogeneity across age groups 
of child participants to examine whether their contributions 
varied during the development. Specifically, the twin data 
from the two age groups were first simultaneously analyzed 
in one model with different parameter estimates for the two 
age groups (i.e., unconstrained). Next, the parameter esti-
mates for the two age groups were treated as being equal 
(i.e., constrained). By subtracting the negative log likeli-
hood for the constrained model from that for the uncon-
strained model, we examined quantitative differences in the 
fit between the two models with means of likelihood-ratio 

tests.  

2  Results 

2.1  Conformity increases with age 

First, we used a logistic regression analysis to examine 
whether conformity changed during the psychosocial de-
velopment, with age as an independent variable and chil-
dren’ choices of pens as a dependent variable. We found 
that the conforming behavior was correlated with age, with 
older children were more likely to choose the pen with the 
majority color (Wald χ2(1) = 9.7l, P = 0.002). To clearly 
demonstrate the increase of conformity during the devel-
opment, we split the children into a younger children group 
(mean age = 11.0) and an older age group (mean age = 15.6). 
Similarly, a Chi-square test replicated the regression analy-
sis, with the older children (59.2%) showing a significantly 
higher preference in choosing the pen with the majority 
color than the younger children (42.6%) (χ2(1,399) = 10.6, 
P = 0.001) (Figure 1(b)). The observed increase in conform-
ity was unlikely accounted for by the color of pens, because 
a two-way interaction of choice (majority versus minority) 
by color of pens (four different barrel colors) was not sig-
nificant (χ2(3,399) = 1.14, P = 0.77). Besides, there was no 
gender effect on the conforming behavior (boys: 46.1%, 
girls: 53.9%; χ2(1,399) < 1).  

2.2  The genetic influence on conformity is essentially 
zero 

To decouple the environmental and genetic influences on 
conformity, we calculated the concordance rate in MZ twins 
and DZ twins respectively. We found that there was no sig-
nificant difference in the concordance rate between the MZ 
twins (57.0%) and the DZ twins (58.1%) (χ2(1,181) < 1), 
suggesting that there is no genetic component in conformity. 
The lack of genetic influence is unlikely due to the fact that 
we included different-sex DZ (DSDZ) twins in the analysis. 
After excluding the DSDZ twins from the analysis, the 
concordance rate of the same-sex DZ twins (concordance 
rate = 53.5%) was not significantly lower than that of the 
MZ twins either (χ2(1,150) < 1). In addition, the MZ twins 
did not show more conforming behavior than the DZ twins, 
as 50.5% of the MZ twins and 52% of the DZ twins chose 
the pen with the majority color (χ2(1,362) < 1). Therefore, 
genes apparently play little role in conforming behavior.  

2.3  The increase in conformity with age is driven by 
the shared component 

To decouple environmental influences into shared and non-
shared components, we used a liability-threshold mod-
el-fitting analysis (ACE model) on the twin data. We found 
that the heritability of the conformity was essentially zero, 
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consistent with the Chi-square test aforementioned. On the 
other hand, the shared and nonshared components explained 
23.2% and 76.8% of the variance of the underlying liability 
distribution in conformity respectively. In addition, alt-
hough the full model (i.e., the ACE model) was fitted well 
(goodness of model-fitting, χ2(3) = 0.47, P = 0.92; Akaike 
fit indices or AIC = –220.4), the best-fitting model was one 
that consisted of only shared and nonshared components 
(i.e., the CE model) (χ2(4) = 0.47, P = 0.98; AIC = –222.36). 
That is, dropping the additive genetic component of vari-
ance (A) from the full model did not significantly worsen 
the fit of the model (likelihood-ratio test, ∆χ2(1) = 0, P = 1). 
However, dropping the shared environment component (C) 
from the CE model significantly worsened the fitting (i.e., E 
model, ∆χ2(1) = 4.02, P = 0.04). Therefore, both shared and 
nonshared experiences play a sizable role.  

To further investigate which environmental component, 
shared or nonshared, is the primary source of the increase in 
conformity during the development, we used the univariate 
heterogeneity twin analysis model to estimate the change of 
the contribution of shared and nonshared components to 
conformity during the development. As expected, in both 
age groups, the estimated heritability of the conformity was 
zero, suggesting that age did not influence the heritability. 
By contrast, we found that the variance in the conforming 
behavior explained by the shared component was signifi-
cantly larger in the older children group (26.3%) than that in 
the younger children group (16.0%), as forcing parameter 
estimates to be equal for the two age groups significantly 
worsened the fit of the model (∆χ2(3) = 9.03, P = 0.03) 
(Figure 2). That is, the increase in conformity during the 
development is likely accounted for by the increased con-
tribution of the shared environmental component.  

2.4  The pen-choosing task is a valid measure of con-
formity 

One possible interpretation of the lack of genetic component 
in conformity is that the implicit measure used in this study 
did not measure conforming behavior properly. This alter- 
 

 

Figure 2  Shared environmental influence on conformity. The contribu-
tion of the shared environmental component to conformity increases with 
age. The y axis shows the percentage of variance in conformity accounted 
for by the shared component.  

 

Figure 3  The association between the implicit measure and daily con-
forming behavior. Individuals who chose a pen with the minority color (i.e., 
uniqueness) were more likely to report a higher agreement with the state-
ment that “I don’t mind bragging about my talents and accomplishments” 
than those who chose a pen with the majority color (i.e., conformity). The y 
axis shows the level of agreement on the statement, and the lower the value 
the higher degree of agreement. The error bar denotes  1 S.E.M. (Standard 
Error of Mean).  

native was rejected in a test on a new population of single- 
ton participants, who were asked to explicitly report their 
daily activities on conformity. Indeed, individuals who 
chose a pen with the minority color (i.e., uniqueness) re-
ported that they were likely to stand out in the public than 
those who chose a pen with the majority color (i.e., con-
formity) (t(160) = –2.41, P = 0.02) (Figure 3). That is, the 
way of choosing pens in the implicit test predicted explicit 
conforming behavior in real social situations.  

3  Discussion 

In a social situation, individuals often follow others’ action 
to achieve an accurate interpretation of their circumstances, 
to obtain approval from others and to maintain a favorable 
self-esteem. Here we probed the possible genetic origin 
with the behavioral genetics approach. Two new findings 
have been observed. First, there was no sign of the herita-
bility of conformity. Second, both shared and nonshared 
environmental components played a significant role in 
shaping individuals’ conforming behavior. More im-
portantly, the portion of shared component in conformity 
increased with age, which may account for the increase of 
conformity during the psychosocial development observed 
in the participants. Therefore, we are not born but raised to 
follow the crowd. 

The child participants tested in this study aged from 7 to 
19, which is a critical period for the psychosocial 
development. During this period, children start to manifest 
autonomy-related behaviors to develop personal identity [9], 
and either conforming or deviating from others’ actions 
helps provide individuals with a sense of belonging or 
uniqueness, respectively [5,17,18]. Specifically, to maintain 
positive self-assessments on their personal identity, children 
usually conform to valued groups during the psychosocial 
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development [19,20]. This idea is supported by our 
observation that the conformity increased with age, with 
older children showed a higher preference in selecting pens 
with the majority color than younger ones.  

The ACE model further showed that both shared and 
nonshared environmental components contribute to the 
individual differences in conformity. Importantly, the 
shared component is likely the primary source in shaping 
conformity during the psychosocial development [11], 
because the increase in conformity during the development 
is accompanied by the increased proportion of the shared 
component in conformity. In China, where our study was 
conducted, conformity is prized as harmony and 
connections among people, and thus defines the concept of 
self [5,21,22]. Indeed, parents in China prefer to adopt an 
authoritarian type of parenting practice: a low level of 
warmth, a low level of autonomy granting and a high level 
of behavioral control [23], as compared with parents in 
individualistic countries [24–27]. As a result, adults who 
have authoritarian parents are more likely to emphasize 
conformity values [4]. Therefore, the common family and 
culture environment has important ramifications for the 
development of conformity. 

On the other hand, it is not surprising that conformity is 
not heritable. Other social behaviors emphasizing on 
interpersonal interactions [28], such as romantic love [29] 
and physical attractiveness [30], are not heritable either. 
Similarly, conforming behavior, which solicits others’ 
approvals, requires intensive interpersonal interactions. 
However, the type of the approval differs across social 
situations (e.g., with parents versus with peers) [4,31] and 
across cultures (e.g., collectivistic versus individualistic 
countries) [5,21]; therefore, the concept of conformity is 
assigned with very different meanings. For example, the 
same behavior may represent conformity in Western culture 
but harmony in East Asian culture [5]. Because of its 
complexity, the predisposition of being conformists or 
nonconformists is unlikely encoded in genes.  

However, studies based on Eysenck Personality 
Questionnaire [11], Drinking Motives Questionnaire [10] 
and Rokeach Value Survey [12] show that conformity is 
instead heritable. We argue that such inconsistence may 
reflect the difference between the self-reports used in their 
studies and the implicit measure used in this study. It has 
been suggested that implicit measures predict behaviors 
better than self-reports from questionnaires [32], especially 
on sensitive issues related to social norms such as 
conformity and compliance [33,34]. In addition, the 
heritability of conformity identified with the self-reports 
was relatively small (e.g., 6%) in some population tested 
[11], and a recent twin study based on Drinking Motives 
Questionnaire even failed to identify the heritibity of 
conformity [13], consistent with our finding. Future studies 
with other types of situational experiments (e.g., Asch 
conformity task) on a larger sample of twins may help 

further examine the heritability of conformity.  
In sum, our study demonstrates a strong role of nurture in 

shaping our ability in balancing between our internal 
judgment and external pressures to do otherwise. Such 
complexity present in the conformity and other social 
activities has been proposed to be the primary drive for the 
evolution of the human brain [35]. Therefore, further studies 
with functional magnetic resonance imaging techniques 
may help reveal how the social influences from the common 
family and culture environment shape the brain and thus 
social behaviors during the psychosocial development.  
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