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Background. Little is known about the etiology of adolescents’ externalizing behavior (Ext) in collectivistic cultures. We
aimed to fill this gap by investigating the genetic and environmental influences on Ext in Chinese adolescents. The etio-
logical heterogeneity of aggression (AGG) and rule breaking (RB) was also examined.

Method. The study sample included 908 pairs of same-sex twins aged from 10 to 18 years (mean = 13.53 years, S.D. =
2.26). Adolescents’ Ext were assessed with the Achenbach System of Empirically Based Assessment including Child
Behavior Checklist, Teacher Report Form, and Youth Self-Report.

Results. Univariate genetic analyses showed that genetic influences on all measures were moderate ranging from 34% to
50%, non-shared environmental effects ranged from 23% to 52%, and shared environmental effects were significant in
parent- and teacher-reported measures ranging from 29% to 43%. Bivariate genetic analyses indicated that AGG and
RB shared large genetic influences (rg = 0.64–0.79) but moderate non-shared environmental factors (re = 0.34–0.52).

Conclusions. Chinese adolescents’ Ext was moderately influenced by genetic factors. AGG and RB had moderate inde-
pendent genetic and non-shared environmental influences, and thus constitute etiologically distinct dimensions within
Ext in Chinese adolescents. The heritability of AGG, in particular, was smaller in Chinese adolescents than suggested by
previous data obtained on Western peers. This study suggests that the collectivistic cultural values and Confucianism
philosophy may attenuate genetic potential in Ext, especially AGG.
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Introduction

‘Man’s nature at birth is good’ (Confucian philosopher
Mencius)
‘For in your sight no man is free from sin, not even a child who
has lived only one day on earth’ (Augustine)

In Western religion, sin in humans is nature, whereas
in Chinese Confucianism, human nature is originally
good, and it is nurture that causes bad acts. In the
psychological literature, sin or bad acts are considered
aspects of ‘externalizing behavior’ (Ext), which refers to
behavioral problems manifested as outward conduct
and reflects acting negatively on the external environ-
ment (Eisenberg et al. 2001). Adolescent Ext are com-
mon worldwide and often predict adult crime (Brook
et al. 2013). Empirical research in Western culture has

demonstrated moderate genetic, non-shared environ-
mental and modest shared environmental influence
on adolescent Ext (Burt, 2009b; Tuvblad & Beaver,
2013). However, research on externalizing in Chinese
adolescents is scarce.

The bioecological model (Bronfenbrenner & Ceci,
1994) proposes that heritability measures the pro-
portion of variation in individual differences attribu-
table to actualized genetic potential, thus the heritability
of Ext may vary across social contexts (Burt, 2011;
Shanahan & Hofer, 2005). Specifically, tempting or
unstructured social contexts (i.e. deviant peer affilia-
tion, negative parenting) can amplify genetic risk for
adolescent Ext (Boutwell et al. 2012; Hicks et al. 2009),
whereas controlled or structured social contexts [i.e.
parental monitoring, lower acceptability of aggression
(AGG)] can suppress genetic influence on adolescent
Ext (Brendgen et al. 2013; Burt & Klump, 2014).

The Chinese culture stands as one of the prototypical
collectivistic cultures, and is heavily influenced by
Confucianism (Oyserman et al. 2002). Both collectivism
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and Confucianism value inter-dependence and social
harmony, emphasize behavioral regulation, and per-
ceive AGG as a threat to group harmony (Xu &
Zhang, 2008). Therefore, compared to Western culture,
children’s AGG in Chinese culture might be more likely
to be rejected bypeers (Li et al. 2012), anddisapprovedof
by teachers and parents (Chen et al. 1995). Furthermore,
Chinese parents and teachers are highly involved in
monitoring children’s friend selection, which may de-
crease their affiliation with deviant peers (Pyrooz &
Decker, 2013). These protective social contexts embed-
ded in Chinese culture may account for the lower
prevalence of Ext among Chinese youths compared to
their Western peers (Bergeron & Schneider, 2005;
Bergmüller, 2013). However, whether Chinese cultural
context can attenuate genetic potential to adolescent
Ext remains unknown. Therefore, the first aim of this
study was to investigate genetic and environmental
influences on Chinese adolescents’ Ext, and compare
them to the findings in Western samples.

Our second aim was to investigate the etiological
heterogeneity of Chinese adolescents’ Ext, which com-
prise a broad range of actions and attitudes violating
societal norms and others’ rights. Although generally
conceptualized as a unitary construct, accumulating re-
search has begun to illuminate meaningful distinctions
within the broader externalizing domain. One etiologi-
cally driven distinction pertains to ‘overt’ or aggressive
(AGG) v. ‘covert’ or rule breaking (RB) behavior. One
meta-analysis (Burt, 2009a) of mainly Western samples
revealed that the heritability of AGG (65% of the vari-
ance) was higher than that of RB (48%). Furthermore,
Burt’s (2013) meta-analysis of Western samples dem-
onstrated that only 38.4% of genetic and 10.2% of non-
shared environmental influences on AGG overlapped
with those on RB, suggesting largely distinct etiologies.
However, little is known about the etiological hetero-
geneity of Ext in Chinese adolescents.

As discussed earlier, the heritability of Ext – actua-
lized genetic potential – may vary across social and
cultural contexts. Compared to the covert RB, overt
AGG causes more salient and direct interpersonal
conflicts, and hence receives more sanctions in the
Chinese context. Thus, we hypothesize that the herita-
bility of Ext, especially AGG, would be smaller in
Chinese adolescents than suggested by previous data
in Western samples. Furthermore, we hypothesize
that, the higher restriction of overt AGG compared to
covert RB in the Chinese context will result in an in-
crease in the genetic influence on AGG that is shared
with RB, but a decrease in the genetic influence on
AGG that is independent of RB, and thus result in
larger genetic correlations between AGG and RB.
We aimed to test these hypotheses using a large
multiple-informant (child, parent, teacher) twin

sample as previous research suggested that multiple
raters can provide useful but different information
about the child’s problems in multiple contexts
(Achenbach, 2006; De Los Reyes et al. 2013).

Method

Participants

This study was based on data from the Beijing Twin
Study (BeTwiSt), a longitudinal twin study examining
genetic and environmental influence on psychological
development and mental health among Chinese
adolescents. Approximately 1400 pairs of twins aged
10–19 years were recruited from 620 elementary and
secondary schools that were randomly selected from
all 18 counties or districts in the Beijing municipality.
Detailed information about the recruitment and assess-
ment procedures have been described in a prior study
(Chen et al. 2013). The sample for the current study in-
cluded 908 pairs of same-sex twins, among which 661
pairs were monozygotic (MZ) twins and 247 pairs
were dizygotic (DZ) twins. The age of participants ran-
ged from 10 to 18 years (mean = 13.53 years, S.D. = 2.26).
Fifty-three percent of participants were females. All
participants were of Han ethnicity. Regarding fathers’
highest educational attainment, 6.8% had a primary
school degree, 32.8% had a junior high-school degree,
31.8% had a senior high-school degree, 26.1% had a
college degree, and 2.5% had a graduate degree. The
corresponding percentage of the mothers’ highest edu-
cational attainment were 5.4%, 35.3%, 29.5%, 25.2%,
and 4.6%, respectively. The relatively higher socioeco-
nomic status and non-rural sample characteristics
endow the present study a strength when comparing
with Western populations that mostly consist of
middle-class urban samples as well.

Measures

Externalizing behaviors

Adolescent Ext was assessed with the Achenbach
System of Empirically Based Assessment (Achenbach
& Rescorla, 2001), which consists of three parallel ques-
tionnaires: the Child Behavior Checklist (CBCL) using
parents as informants, the Teacher Report Form (TRF),
and the Youth Self-Report (YSR). Two subscales mea-
suring AGG and RB were used in this study. The
total Ext were computed by summing the AGG and
RB subscale scores. Twins, one of the parents (65%
mother), and each twin’ teachers (85% of the teachers
were the same for both members of the pair) were
instructed to rate the extent to which current or past
behavior (within the past 6 months) matched the ques-
tionnaire items, using a 3-point scale (0 = never to 2 =
often/mostly true). The Chinese versions of CBCL,
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TRF, and YSR that have been demonstrated to be valid
and reliable (Leung et al. 2006) were used in this study.
The reliabilities of scales in this sample ranged from
0.77 to 0.93.

Zygosity determination

The twins’ zygosity was determined by a validated
method combining DNA analysis (89.5% of twins)
and questionnaire (10.5% of twins) (Chen et al. 2010).
For the DNA analyses, nine short tandem repeat loci
highly heterogeneous in the Chinese population were
used. Same-sex twins with at least one different genetic
marker were classified as DZ twins; otherwise, the
twins were classified as MZ twins. The posterior prob-
ability of being MZ for same-sex twins with the same
genotype in all nine loci was estimated to be 99.99%.
The validity of the zygosity determination question-
naire was examined by comparing it with the results
of the DNA analyses. The predictive accuracy of the
questionnaire method used in this study reached 91%.

Assessment procedure

All twins and their parents signed informed consents
before participation. We arranged for the twins to com-
plete the survey in their classrooms after school. After
describing the purpose and procedures of the study,
trained research assistants distributed the question-
naires to the twins and instructed them to complete
the questionnaires independently. Research assistants
were present to answer any questions that the partici-
pants may have. Participants were assured of the confi-
dentiality of their responses and the voluntary nature
of their participation. The teachers completed the ques-
tionnaires in their offices. The parents finished the
questionnaires at home and asked their children to

return them at school. All procedures were approved
by the Institutional Review Board of the Institute of
Psychology, Chinese Academy of Sciences.

Data analyses

Univariate genetic analyses

The twin design relies on different levels of genetic
similarity between MZ twins who are genetically
identical, and DZ twins who share one half of their ad-
ditive genetic effects. This difference was used to esti-
mate the contribution of additive genetic (A), shared
environmental (C), and non-shared environmental (E)
factors to the individual differences in the phenotype.
The structural equation modeling package Mx (www.
vcu.edu/mx/) that utilizes a maximum-likelihood esti-
mation method on raw data was used to estimate the
variance components (A, C, E) for each measure.

Bivariate genetic analyses

The genetic and environmental correlations of AGG
and RB were estimated using the correlated factors
model (Fig. 1). Each path from a genetic factor to a
variable is the square root of the heritability of that
variable, and the correlated path between the genetic
factors gives the genetic correlation (rg). The same
rule applies to shared and non-shared environmental
factors. These correlations correspond to the strength
of the association between genetic, and shared and
non-shared environmental influences on each variable.

Multiple rater model

As we collected child’s behaviors from three raters
(child, parent, teacher), we fitted the psychometric
model (Fig. 2) to estimate the influences of common

Fig. 1. The correlated factors model for aggression and rule breaking. A, Additive genetic influences; C, shared environmental
influences; E, non-shared environmental influences; rg, genetic correlation; rc, shared environmental correlation; re, non-shared
environmental correlation.
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A, C, and E on the latent phenotype indicated by the
three informant measures. Rater-specific effects of A,
C, and E on each informant data were also estimated.

Results

Preliminary analyses

Because the distributions of the behavior scales were
positively skewed, a log transformation [lg(x + 1)] was
applied to approximate normality. Gender differences
on the transformed data are shown in Table 1. Except
for self-reported AGG, boys displayed higher scores
than girls in all other measures. Self-reported AGG,
RB, and total Ext significantly increased with age
(r = 0.10–0.17, p < 0.01), whereas parent-reported AGG
and Ext significantly decreased with age (r =−0.09 to
−0.10, p < 0.05). Paired t tests showed that parent-
reported AGG was significantly higher than child
reports (t = 4.07, p < 0.001), which was in turn signifi-
cantly higher than teacher reports (t = 12.53, p < 0.001).
For RB, parent reports and child reports were compar-
able (t = 1.70, p = 0.09), butwere both significantly higher
than teacher reports (parent: t = 6.93, p < 0.001; child: t =
9.20, p < 0.001). Results for total Extwere similar toAGG.

Correlations among the study variables for the full
sample are presented in Table 2. The cross-informant

reports on AGG, RB, and Ext were moderately to
highly correlated (0.33–0.53), indicating the convergent
validity of the three constructs. The cross-twin correla-
tions for the same traits of AGG and RB (bold numbers
on the diagonal) and the cross-twin cross-trait correla-
tions (numbers highlighted in gray) are shown in
Table 3. For these correlations, the MZ correlations
were greater than the DZ correlations, but not by
more than a factor of 2, suggesting additive genetic,
shared, and non-shared environmental influences on
adolescent behaviors and cross-domain correlations
in this sample (i.e. ACE model).

Genetic and environmental etiologies

The residuals after regressing out the effects of sex and
age were used in subsequent model fitting (McGue &
Bouchard, 1984). The parameter estimates of A, C, E
on AGG, RB and Ext are shown in Table 4. There
were moderate genetic and non-shared environmental
effects across three raters’ reports. The shared environ-
mental effects were moderate for parent and teacher
reports, but small in child reports. The estimates be-
tween raters were significantly different (Δχ26 = 124.66–
150.19, p values < 0.001). To reduce the measurement
error in single-rater data, we further fitted the psycho-
metric model to estimate the influences of common
A, C, and E on the latent phenotypes indicated by
three informant measures (italicized numbers in
Table 4). The heritability estimates of latent pheno-
types were larger than those of single measure.

For comparison, the results of Burt’s meta-analysis
(2009a, b) were added to Table 4. Furthermore, the A,
C, E influences on the three raters’ reports of Chinese
adolescents’ behavior (three raters’ reports as input for
univariate model-fitting) were also estimated (bold
numbers in Table 4). We then statistically tested the dif-
ferences of A, C, E estimates of the three raters’ reports
from the current sample with the estimates reported in
Burt’s meta-analysis. Equating the A, C, E estimates of
our sample to those reported in Burt’s meta-analyses
resulted significant reductions in model-fitting for
AGG (Δχ23 = 16.73, p < 0.01), and Ext (Δχ23 = 13.15, p <
0.01), but not for RB (Δχ23 = 0.90, p = 0.82). These findings
indicated that the genetic influences on Chinese adoles-
cents’ Ext, especially AGG,were smaller than suggested
by previous data in Western peers.

Etiological correlations

The results of bivariate genetic analyses are shown in
Table 5. The genetic correlations (0.64–0.79) and
shared environmental correlations (0.78–1.0) were
large. The non-shared environmental correlations
were moderate, ranging from 0.34 to 0.52. For com-
parison, the results of Burt’s meta-analysis (2013)

Fig. 2. The psychometric model for child-, parent-, and
teacher-reported child’s behaviors. Child’s, parent’s, and
teacher’s ratings are linear functions of the latent
phenotypes and rater-specific variance. Latent phenotypes
are influenced by common genetic factors (Ac), common
shared environment (Cc), and common non-shared
environment (Ec). Rater-specific variance is made up of
rater-specific genetic factor (As), rater-specific shared
environment (Cs), and rater-specific non-shared
environment and measurement error (Es).
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are also included in Table 5. Compared to the esti-
mates in Western peers, we found larger genetic cor-
relation (rg) using child reports (Z = 10.51, p < 0.01)
and using the three raters’ reports (Z = 4.50, p < 0.01).
The genetic correlations (rg) estimated from parent
and teacher reports were similar to previous findings
in Western peers.

Discussion

According to the statistics from the Sixth National
Census in China, the total younger population aged
10–19 years is 174.8 million. Even calculated with a
conservative prevalence rate of 5%, the number of
Chinese adolescents with externalizing problems will

be 8.74 million. Given the scarce etiological research
in this population, it is crucial to better understand
the etiological mechanism underlying Chinese
adolescents’ Ext for effective prevention and inter-
vention to be in place. The present study investigated
genetic and environmental influences on Ext among
Chinese adolescents using a large sample with
multiple-informant twin design. We also investigated
the etiological heterogeneity of AGG and RB behavior
among Chinese adolescents.

Genetic and environmental influences

The heritability estimates of Ext reported by child, par-
ents, and teachers ranged from 34% to 42%. The

Table 1. Descriptive statistics and gender differences of study variables

Full sample Male Female Gender difference

Mean S.D. Mean S.D. Mean S.D. t Cohen’s d

1. YSR-AAG 0.65 (0.36) 0.66 (0.37) 0.65 (0.34) 0.71 0.05
2. YSR-RB 0.36 (0.31) 0.44 (0.31) 0.29 (0.28) 7.70* 0.52
3. YSR-Ext 0.76 (0.38) 0.80 (0.40) 0.73 (0.36) 2.68* 0.18
4. CBCL-AAG 0.71 (0.36) 0.76 (0.36) 0.66 (0.35) 4.19* 0.28
5. CBCL-RB 0.34 (0.31) 0.45 (0.33) 0.25 (0.25) 10.02* 0.67
6. CBCL-Ext 0.80 (0.38) 0.88 (0.38) 0.73 (0.37) 6.06* 0.40
7. TRF-AAG 0.48 (0.38) 0.59 (0.40) 0.37 (0.34) 9.02* 0.60
8. TRF-RB 0.28 (0.29) 0.38 (0.31) 0.19 (0.23) 10.69* 0.71
9. TRF-Ext 0.56 (0.42) 0.70 (0.44) 0.43 (0.37) 9.95* 0.66

AGG, Aggression; CBCL, Child Behavior Checklist; Ext, externalizing; d, effect size for gender differences on the study vari-
ables; RB, rule breaking; TRF, Teacher Report Form; YSR, Youth Self-Report.
The mean (S.D.) values are based on transformed data [lg(x + 1)].
* p < 0.01.

Table 2. Correlations among child-, parent-, and teacher-reported AGG, RB, and Ext scores

1 2 3 4 5 6 7 8 9

1. YSR-AGG —
2. YSR-RB 0.63 —
3. YSR-Ext 0.96 0.80 —
4. CBCL-AGG 0.33 0.32 0.35 —
5. CBCL-RB 0.26 0.42 0.32 0.63 —
6. CBCL-Ext 0.34 0.37 0.37 0.97 0.78 —
7. TRF-AGG 0.35 0.51 0.43 0.34 0.44 0.39 —
8. TRF-RB 0.32 0.53 0.40 0.27 0.48 0.35 0.80 —
9. TRF-Ext 0.36 0.53 0.44 0.33 0.47 0.39 0.98 0.88 —

AGG, Aggression; CBCL, Child Behavior Checklist; Ext, externalizing; RB, rule breaking; TRF, Teacher Report Form; YSR,
Youth Self-Report.
Bold numbers represent cross-informant correlations of AGG, RB, and Ext.
All correlation coefficients were significant at p = 0.01.
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Table 3. Within-domain and cross-domain correlation coefficients with 95% confidence intervals within monozygotic (MZ) and dizygotic (DZ) twin pairs

Twin 1

Twin 2

YSR-AGG2 YSR-RB2 CBCL-AGG2 CBCL-RB2 TRF-AGG2 TRF-RB2

MZ YSR-AGG1 0.51 (0.45 to 0.57) 0.41 (0.34–0.47) 0.30 (0.22–0.37) 0.27 (0.20–0.34) 0.37 (0.30–0.44) 0.30 (0.23–0.36)
YSR-RB1 0.39 (0.31 to 0.45) 0.54 (0.47–0.60) 0.28 (0.21–0.35) 0.40 (0.33–0.47) 0.46 (0.39–0.52) 0.47 (0.40–0.53)
CBCL-AGG1 0.26 (0.20 to 0.33) 0.28 (0.21–0.34) 0.74 (0.70–0.78) 0.57 (0.52–0.62) 0.37 (0.30–0.43) 0.29 (0.22–0.35)
CBCL-RB1 0.22 (0.15 to 0.29) 0.37 (0.30–0.44) 0.55 (0.50–0.60) 0.78 (0.73–0.81) 0.42 (0.35–0.48) 0.47 (0.40–0.53)
TRF-AGG1 0.29 (0.22 to 0.35) 0.43 (0.36–0.49) 0.35 (0.28–0.42) 0.38 (0.31–0.45) 0.76 (0.71–0.80) 0.69 (0.63–0.74)
TRF-RB1 0.28 (0.21 to 0.34) 0.47 (0.42–0.55) 0.32 (0.25–0.39) 0.44 (0.37–0.50) 0.67 (0.61–0.73) 0.77 (0.72–0.81)

DZ YSR-AGG1 0.32 (0.16 to 0.44) 0.17 (0.03–0.30) 0.18 (0.06–0.30) 0.16 (0.03–0.29) 0.33 (0.21–0.43) 0.23 (0.10–0.35)
YSR-RB1 0.20 (0.07 to 0.32) 0.27 (0.14–0.39) 0.19 (0.06–0.30) 0.27 (0.15–0.38) 0.35 (0.23–0.46) 0.39 (0.27–0.49)
CBCL-AGG1 0.15 (0.02 to 0.26) 0.23 (0.11–0.35) 0.60 (0.51–0.68) 0.47 (0.36–0.56) 0.28 (0.15–0.39) 0.29 (0.17–0.41)
CBCL-RB1 0.12 (−0.01 to 0.26) 0.32 (0.20–0.45) 0.40 (0.30–0.50) 0.64 (0.53–0.72) 0.38 (0.26–0.48) 0.48 (0.37–0.59)
TRF-AGG1 0.15 (0.02 to 0.29) 0.35 (0.23–0.47) 0.21 (0.09–0.33) 0.35 (0.23–0.46) 0.57 (0.45–0.68) 0.56 (0.43–0.68)
TRF-RB1 0.14 (0.00 to 0.26) 0.33 (0.21–0.46) 0.14 (0.00–0.25) 0.33 (0.21–0.44) 0.48 (0.34–0.60) 0.59 (0.45–0.70)

AGG, Aggression; CBCL, Child Behavior Checklist; Ext, externalizing; RB, rule breaking; TRF, Teacher Report Form; YSR, Youth Self-Report.
Bold numbers represent cross-twin correlations for the same traits of AGG and RB. Numbers in gray represent cross-twin cross-trait correlations.
All correlation coefficients are significant at p = 0.01.
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heritability estimate using three raters’ data was 38%,
which was significantly smaller than those reported
in the meta-analysis of Western samples (59% in
Burt, 2009b). More salient cultural difference was

indicated by the heritability of AGG: the heritability
of Chinese adolescents’ AGG using the three raters’
data was 34%, which was significantly smaller than
those reported in Burt’s (2009a) meta-analysis (65%).

Table 4. Parameter estimates and 95% confidence intervals (CI) of A, C, E in the present study and Burt’s meta-analysis

BeTwiSt sample Burt’s meta-analysis (2009)

Variables rater A (95% CI) C (95% CI) E (95% CI) A (95% CI) C (95% CI) E (95% CI)

Aggression
Child 0.36 (0.12–0.53) 0.12 (0.00–0.34) 0.52 (0.46–0.58) 0.44 (0.34–0.50) 0.01 (0.00–0.08) 0.55 (0.51–0.59)
Mother 0.36 (0.22–0.54) 0.38 (0.21–0.52) 0.26 (0.23–0.29) 0.59 (0.55–0.63) 0.16 (0.13–0.19) 0.25 (0.24–0.27)
Teacher 0.34 (0.14–0.58) 0.35 (0.12–0.54) 0.31 (0.26–0.36) 0.71 (0.63–0.75) 0.00 (0.00–0.06) 0.29 (0.27–0.32)
Three raters 0.34 (0.23–0.47) 0.30 (0.18–0.40) 0.36 (0.33–0.39) 0.65 (0.61–0.69) 0.05 (0.02–0.08) 0.30 (0.29–0.31)
Latent AGG 0.55 (0.24–0.92) 0.34 (0.00–0.64) 0.11 (0.05–0.18)

Rule breaking
Child 0.50 (0.32–0.55) 0.00 (0.00–0.16) 0.50 (0.45–0.56) 0.36 (0.29–0.43) 0.17 (0.12–0.24) 0.47 (0.44–0.50)
Mother 0.32 (0.17–0.49) 0.43 (0.27–0.57) 0.25 (0.22–0.28) 0.53 (0.47–0.58) 0.22 (0.17–0.27) 0.25 (0.24–0.27)
Teacher 0.41 (0.21–0.66) 0.29 (0.05–0.48) 0.30 (0.25–0.35) 0.27 (0.03–0.46) 0.04 (0.00–0.17) 0.69 (0.56–0.86)
Three raters 0.44 (0.32–0.58) 0.20 (0.07–0.32) 0.36 (0.33–0.38) 0.48 (0.43–0.53) 0.18 (0.14–0.22) 0.34 (0.32–0.36)
Latent RB 0.65 (0.37–0.98) 0.30 (0.00–0.58) 0.04 (0.00–0.10)

Externalizing
Child 0.42 (0.19–0.57) 0.09 (0.00–0.31) 0.48 (0.43–0.54) 0.50 (0.38–0.62) 0.08 (0.00–0.18) 0.42 (0.28–0.47)
Mother 0.34 (0.20–0.51) 0.43 (0.27–0.56) 0.23 (0.20–0.26) 0.62 (0.58–0.66) 0.17 (0.14–0.21) 0.21 (0.20–0.22)
Teacher 0.40 (0.20–0.66) 0.31 (0.06–0.51) 0.29 (0.25–0.34) 0.41 (0.27–0.56) 0.18 (0.05–0.30) 0.42 (0.38–0.46)
Three raters 0.38 (0.27–0.51) 0.29 (0.17–0.39) 0.33 (0.31–0.36) 0.59 (0.55–0.64) 0.15 (0.11–0.19) 0.26 (0.25–0.27)
Latent Ext 0.61 (0.32–0.94) 0.31 (0.00–0.58) 0.08 (0.03–0.14)

A, Additive genetic influences; C, shared environmental influences; E, non-shared environmental influences.
AGG, Aggression; CBCL, Child Behavior Checklist; Ext, externalizing; RB, rule breaking; TRF, Teacher Report Form; YSR,

Youth Self-Report.
Parameters of latent phenotype were estimated from the psychometric model.
Parameters of three raters were estimated from the general univariate model with the three raters’ reports as input.
The parameter estimates of AGG and RB are from Burt’s meta-analysis published in Clinical Psychological Review, 29, 2009,

163–178. The parameter estimates of Ext are from Burt’s meta-analysis published in Psychological Bulletin, 2009, 135, 608–637.

Table 5. Correlations of genetic, shared environmental and non-shared environmental influences on aggression and rule breaking in the
present study and Burt’s meta-analysis (2013)

Beijing Twin Study sample Burt’s meta-analysis (2013)

Variables rg (95% CI) rc (95% CI) re (95% CI) rg (95% CI) rc (95% CI) re (95% CI)

Child self-report
(YSR)

0.79 (0.60–1.0)* 1.0 (−1.0 to 1.0) 0.49 (0.44–0.55) 0.60 (0.51–0.69) 0.52 (0.10–0.78) 0.35 (0.29–0.40)

Maternal report
(CBCL)

0.64 (0.36–0.87) 0.78 (0.59 to 0.98) 0.34 (0.26–0.41) 0.65 (0.56–0.73) 0.95 (0.88–0.98) 0.27 (0.21–0.32)

Teacher report
(TRF)

0.70 (0.41–0.89) 1.0 (0.84 to 1.0) 0.52 (0.44–0.59) 0.70 (0.46–0.84) 1.0 (0.89–1.0) 0.41 (0.28–0.52)

Three raters 0.71 (0.55–0.84)* 0.91 (0.71 to 1.0) 0.46 (0.42–0.50) 0.62 (0.56–0.67) 0.80 (0.56–0.92) 0.32 (0.28–0.36)

CI, confidence interval; CBCL, Child Behavior Checklist; TRF, Teacher Report Form; YSR, Youth Self-Report.
The parameter estimates of rg, rc, re are from Burt’s meta-analysis published in Psychological Medicine, 2013, 43, 1801–1812.
* p < 0.01 for testing significant difference of etiological correlations.
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These findings are consistent with the bioecological
model, showing that genetic influences on adolescent
Ext vary across cultural context. As we hypothesized,
the genetic influence on Chinese adolescents’ Ext,
especially AGG, was smaller than those reported in
Western samples. As AGG is a salient threat to group
harmony and interpersonal relationships, Chinese chil-
drenwith AGG are often punished by teachers and par-
ents, and excluded by peers (Chen et al. 1995; Li et al.
2012). To adapt to this controlled context, we hypoth-
esize that Chinese children are socialized to suppress
their genetic potential to be aggressive. Therefore, the
actualized genetic potential (i.e. heritability) of AGG is
smaller in Chinese culture than in Western culture.

Other than genetic influences, we also found moder-
ate shared environmental effects on parent- and
teacher-reported adolescent Ext. The moderate shared
environmental effect may partially reflect rater effects
inherent in parent and teacher informant reports (i.e.
one adult reports on both siblings). Nonetheless, it
likely partially represents true shared environmental
effects exerted in the family or at school. Both Chinese
collectivistic culture and Confucianism value the role of
family (parents) and school (teachers) in child develop-
ment. Studies show that poverty and parental divorce
are significant risks for Chinese children’s Ext (Chen,
1994; Liu et al. 2000). A lack of involvement in teachers
monitoring of students’ activities at school is also an im-
portant predictor of adolescent Ext (Huang et al. 2013).

Etiological heterogeneity

We found that genetic correlations between AGG and
RB ranged from 0.64 to 0.79 across the three infor-
mants. The estimates of genetic overlap are larger
than the results of the meta-analysis of prior Western
samples (Burt, 2013). The relatively larger genetic over-
lap between AGG and RB in Chinese adolescents may
be due to the tolerance of expressing shared genetic
predisposition between AGG and RB, but restriction
of expressing AGG’s unique genetic predisposition.

Although the genetic correlation between AGG and
RB in our sample was slightly larger than in Western
samples, there were still large residual genetic contribu-
tions to AGG (one minus the squared the genetic corre-
lations: 38–59%) that were independent of those
contributed to RB. Furthermore, the non-shared en-
vironmental correlations between AGG and RB ranged
from 0.34 to 0.52 across the three informants, indicating
small to moderate overlap. Together with findings in
Western samples (Burt, 2013), our results suggest that
AGG and RB constitute etiologically distinct dimensions
within the broader construct of Ext. Future studies
should examine the genetic and social risk factors that
specifically or uniquely cause AGG and RB.

Limitations

There are some limitations in the current study. First,
the twin participants were general youths in schools
residing in the metropolis of Beijing. The educational
levels of the adolescents’ parents were relatively
higher. Thus, caution should be exercised in generaliz-
ing our findings to youths living in less economically
developed areas, or youths living in disadvantaged
social contexts such as children left behind by their
migrant parents in rural areas of China (Wen & Lin,
2012). Second, we measured two dimensions of Ext –
physical AGG and RB – in this study, future studies
can explore other subtypes of AGG such as proactive
and reactive AGG (Dodge & Coie, 1987), and relational
AGG (Crick, 1995). Third, the comparisons were con-
ducted between estimates in one collectivistic sample
and results of meta-analyses in Western samples, fu-
ture collaborative research employing two samples
with similar demographic characteristics from the
two cultures (collectivistic v. individualistic ones) is
needed to verify our findings.

Implications

Despite these limitations, this study provides new
knowledge about genetic and environmental contribu-
tions to adolescents’ Ext in a collectivistic culture. The
moderate genetic influences on Chinese adolescents’
Ext refuted Mencius’ doctrine – ‘Man’s nature at birth
is good’. Comparison of our findings with previous
findings in Western samples suggest that the collecti-
vistic cultural values and Confucianism philosophy
seem to be able to attenuate genetic potential in Ext,
especially physical AGG. Confucian philosophers be-
lieve that nurturing or cultivating good virtues such
as ‘Ren’ (benevolence), ‘Li’ (courtesy), ‘Yi’ (righteous-
ness) and ‘Xiao’ (filial), can reduce humans’ bad
actions and enhance good conduct. Although substan-
tial empirical evidence is needed, these findings imply
the potential usefulness of the collectivistic cultural
values and Confucianism philosophy in the prevention
and intervention of adolescent Ext.
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