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Background: Internalizing and externalizing problem behavior at school can have major consequences
for a child and is predictive for disorders later in life. Teacher ratings are important to assess inter-
nalizing and externalizing problems at school. Genetic epidemiological studies on teacher-rated prob-
lem behavior are relatively scarce and the reported heritability estimates differ widely. A unique feature
of teacher ratings of twins is that some pairs are rated by different and others are rated by the same
teacher. This offers the opportunity to assess gene–environment interaction. Methods: Teacher ratings
of 3,502 7-year-old, 3,134 10-year-old and 2,193 12-year-old twin pairs were analyzed with structural
equation modeling. About 60% of the twin pairs were rated by the same teacher. Twin correlations and
the heritability of internalizing and externalizing behavior were estimated, separately for pairs rated by
the same and different teachers. Socioeconomic status and externalizing behavior at age 3 were
included as covariates. Results: Twin correlations and heritability estimates were higher when twin
pairs were in the same class and rated by the same teacher than when pairs were rated by different
teachers. These differences could not be explained by twin confusion or rater bias. When twins were
rated by the same teacher, heritability estimates were about 70% for internalizing problems and around
80% in boys and 70% in girls for externalizing problems. When twins were rated by different teachers,
heritability estimates for internalizing problems were around 30% and for externalizing problems
around 50%. Conclusions: Exposure to different teachers during childhood may affect the heritability
of internalizing and externalizing behavior at school. This finding points to gene–environment interac-
tion and is important for the understanding of childhood problem behavior. In addition, it could imply
an opportunity for interventions at school. Keywords: Internalizing problem behavior, externalizing
problem behavior, teacher ratings, gene–environment interaction.

Introduction
Internalizing (INT) and externalizing (EXT) problem
behavior at school can have major consequences for
a child. It can seriously affect learning achievements,
lead to bullying by other children or negative inter-
actions with the teachers (Deater-Deckard, 2001;
Ladd & Burgess, 1999). Moreover, a DSM-IV diag-
nosis requires that problem behavior during child-
hood is not restricted to one environment (American
Psychiatric Association, 2000). It is therefore com-
mon practice to take into account INT and EXT
behavior at school as rated by the teacher when
assessing a child for psychiatric problems in a child
and adolescent psychiatry clinic.

Behavior genetic studies that investigate the rela-
tive influence of genetic and environmental risk fac-
tors on teacher-rated behavior are relatively scarce
and sample sizes are small. An often used paradigm
within behavior genetics is the twins design, which
makes use of the different genetic relatedness of
monozygotic (MZ) and dizygotic (DZ) twins. As MZ

twins are (nearly) genetically identical whereas DZ
twins share on average 50% of their genes a higher
correlation in MZ twin pairs than in DZ twin pairs
suggest that part of the individual differences can be
explained by genetic risk factors (Boomsma, Bus-
jahn, & Peltonen, 2002a). A correlation in MZ twin
pairs which is less than twice the DZ twin correlation
indicates the influence of common environmental
factors shared by children in the same family. Dif-
ferences in problem behavior within MZ twin pairs
are due to unique environmental influences, which
also include measurement error.

Heritability estimates based on teacher ratings of
twins behavior vary widely, e.g. from 31% to 81% for
EXT and conduct problems, respectively (Saudino,
Ronald, & Plomin, 2005; Towers et al., 2000). One of
the reasons for the varying estimates is that twin
correlations tend to be higher when the twins’
behavior is rated by the same teacher than when it is
rated by different teachers (e.g. Saudino et al., 2005;
Simonoff et al., 1998; Towers et al., 2000). Assuming
that same teacher ratings are inflated or that using
multiple teachers to rate a twin pair increases the
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error in the measurement, these ratings were some-
times excluded, resulting in a wide range of herita-
bility estimates for problem behavior (Hartman,
Rhee, Willcutt, & Pennington, 2007; Towers et al.,
2000). Heritability is estimated around 72% for dif-
ferent types of problem behavior when twin pairs are
rated by the same teacher, in contrast to estimates of
about 54% when twin pairs are rated by different
teachers (Saudino et al., 2005).

However, it is an important question whether tea-
cher ratings are inflated or biased and if this bias
explains the differences in correlations between same
and different teacher ratings. In addition to teacher
bias leading to correlated errors, the higher correla-
tions in MZ twins may be explained by confusion of
twins rated by the same teacher, or by gene–envi-
ronment interaction (Baker, Jacobson, Raine, Loz-
ano, & Bezdjian, 2007; Derks, Dolan, Hudziak,
Neale, & Boomsma, 2007; Derks, Hudziak, van Bei-
jsterveldt, Dolan, & Boomsma, 2006; Polderman,
Posthuma, De Sonneville, Verhulst, & Boomsma,
2006; Saudino et al., 2005; Simonoff et al., 1998).
Rater bias refers to the teacher’s own bias which
affects the similarity of ratings of twin behavior if the
same teacher rates more than one child (correlated
errors). Twin confusion is present when a teacher
does not always distinguish the two individuals in a
twin pair and therefore rates their behavior as more
similar. A third explanation is the presence of gene–
environment interaction (G · E). G · E implies that
the influence of genetic factors depends on the envi-
ronment (Boomsma & Martin, 2002; Eaves, 1984).
Thus, heritability estimates can differ between
groups that are rated in different environments.

In this report, we focus on the etiology of teacher-
rated INT and EXT problem behavior in a large
sample of male and female twins at age 7, 10 and
12 years. The sample includes twin pairs who are
rated by the same teacher and pairs who are rated by
different teachers. First, we investigate the influence
of social-economic status (SES) and earlier problem
behavior on the chance of twins being separated or
not. Earlier research has shown that SES and earlier
problem behavior are associated with problem
behavior at later ages (Bartels et al., 2004; Bradley &
Corwyn, 2002). If these factors are also related to
twins being separated, this can lead to confounding.
Consequently, significant risk factors are included in
the following analyses as covariates. Next, we tested
which of the three models, that is, twin confusion,
correlated errors or G · E, described the data best
and estimated to what extent individual differences
in teacher-rated INT and EXT behavior are explained
by genetic and environmental risk factors.

Methods
Subjects

All twins participated in the ongoing longitudinal study
of the Netherlands Twin Register (NTR; Boomsma et al.,

2002b). Most twins were registered with the NTR at
birth. Parents of twins completed questionnaires
assessing the twin’s behavior from birth to age 12. If
parents provided informed consent, teachers were
asked to report on the twin’s behavior at age 7, 10 and
12. Assessment took place starting from 1999 up to the
year 2010. The current study included twins with
maternal ratings on externalizing problems at age 3, in
addition to teacher ratings at age 7, 10 or 12. Teacher
ratings were available for 3,700 complete and 701
incomplete (i.e. only one teacher returned the ques-
tionnaire for one twin from a pair) 7-year-old twin pairs,
3,310 complete and 776 incomplete 10-year-old twin
pairs, 2,315 complete and 618 incomplete 12-year-old
twin pairs. Twins were excluded from the analyses
when teachers reported that they did not know the
student well (at age 7, 10 and 12: 0.9%, 1.5%, 0.8%), or
had only known the student for a short time (at age
7, 10 and 12: 1.6%, 2.0%, 1.7%). Twin pairs were
excluded when one or both twins attended special
education (at age 7, 10 and 12: 0.8%, 1.7% and 1.9%).
Special education included schools for physical and
cognitive disabled children and children with learning
and extreme behavioral problems. Classes in special
education are different from regular primary school
classes in that they are smaller. Zygosity determination
took place in different projects in which subgroups of
the twins participated. For 2% of the twins, zygosity was
determined based on blood group polymorphisms, for
12% based on DNA polymorphisms, for 55% based on
parental ratings of zygosity and for 31% based on the
fact that the twins were of opposite sex. Twins were only
included if information on zygosity and SES was avail-
able leading to missing data around 1%.

Measures

Teachers completed the Teacher Report Form (TRF;
Achenbach & Rescorla, 2001; Achenbach, 1991b),
which contains 120 items measuring problem behavior.
The TRF includes the broad band INT scale which
consists of the subscales Anxious/Depressed, With-
drawn behavior and Somatic complaints, and the EXT
scale which consists of subscales Aggressive Behavior
and Rule Breaking Behavior.

Parents reported on the twins’ behavior by means of
the Child Behavior Check List (CBCL; Achenbach,
1991a). The CBCL and the TRF are both part of the
Achenbach system of empirically based assessment
(ASEBA) and are comparable. The broad band INT scale
for the CBCL 2/3 consists of the Anxious/Depressed
and Withdrawn Behavior subscales (and not Somatic
Complaints), EXT consists of the Rule Breaking
Behavior and Aggressive Behavior subscales.

Social-economic status of the twin families was
measured at age 3, 7 and 10 years. SES was obtained
from a full description of the occupation of the parents
for about two-third of the twin sample. Subsequently,
SES was coded according to the standard classification
of occupations (2001). For the remaining families,
SES was obtained by the EPG-classification scheme
(Erikson, Goldthorpe, & Portocarero, 1979), combined
with information on parental education. All twins were
classified into three SES levels (1 = low; 2 = middle;
3 = high).
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Statistical analyses

Means model and covariates. INT and EXT problem
behavior showed an L-shaped distribution. Therefore,
prior to the analyses, the data were normalized in
PRELIS. PRELIS makes use of a normalizing transfor-
mation that fits the inverse normal density function to
the ranked data (Jöreskog & Sörbom, 2002). This did
not influence the estimates of the variances.

The effect of SES and problem behavior on twin
separation at age 7, 10 and 12, was analyzed perform-
ing binary logistic regression analyses in SPSS (Chi-
cago: SPSS Inc, 2008). INT and EXT as rated by the
mother and the father at age 3 and SES were used as
predictors and twin pair separation at age 7, 10 and 12,
was used as the dependent variable.

Structural equation modeling as implemented in the
software package Mx was used to estimate means,
variances and twin correlations as a function of zygosity
for twin pairs rated by the same and by different
teachers (Neale, Boker, & Maes, 2006). First, a so-called
saturated model was fitted to the INT and EXT data at
age 7, 10 and 12 in which all these parameters were
freely estimated. Means were estimated separately for
twins in the same class and in a different classes. Sex,
SES and maternal ratings of EXT at age 3 were included
as covariates on the INT and EXT scores and were tested
for significance in the saturated model. Differences in
mean problem behavior between the same and different
teacher groups were also tested in the saturated model.

Genetic epidemiological analyses. The classical
twin design (see Figure 1a) was used to estimate the
influence of genetic, shared environmental and unique
environmental factors on INT and EXT data of twins
rated by the same teacher and on data of twins rated by
different teachers. If estimates for the genetic variance
differ between same teacher ratings and different tea-
cher ratings then this constitutes evidence for G · E.
G · E can be confounded with gene–environment cor-
relation, that is, the phenomenon that environmental
exposure is associated with individual’s genetic make-
up (Purcell, 2002). To correct for this effect, means were
estimated separately for twins in the same class and in
different classes.

Next, differences between parameter estimates for
twins rated by the same and by different teachers were
tested by constraining them to be equal. Further, sex
differences in parameter estimates were tested as well
as the significance of the effect of shared environmental
factors.

Correlated errors model. Teachers can bring a bias
into their ratings which can result in children being
rated as more similar when rated by one teacher. As a
result, the correlations of twins rated by the same tea-
cher are inflated. The teacher’s bias can be accounted
for by estimating a correlation between nonshared
environment (which also includes measurement error)
of twin pairs rated by the same teacher (Simonoff et al.,
1998; Figure 1b).

Twin confusion model. Twin confusion is present if a
teacher does not always discriminate between the
two individuals in a twin pair (Simonoff et al., 1998;

Figure 1c). Behavior of one twin (in the figure depicted
with a circle) is sometimes ascribed to his or her co-twin
(depicted with the broken line pointing to the teacher’s
ratings of the co-twin).

In all models sex, SES and EXT at age 3 were
included as covariates on the means.

Results
Twin pairs rated by the same teacher and by
different teachers

Table 1 shows the INT and EXT scores for the same
teacher group and the different teacher group at age
3 (rated by the mother) and at age 7, 10 and 12 (rated

Figure 1 a. Basic genetic model to estimate the effect of additive
genetic (A), common environment shared by children in the same
family (C) and unique environmental (E) effects on behavioral
traits. Latent variables are given in circles, observed variables in
squares. The underlying assumption is that E is uncorrelated be-
tween twin 1 (T1) and twin 2 (T2), the correlation of C is 1, and A
correlates in MZ twins with 1 and in DZ twins with 0.5. b. Cor-
related errors model; E is correlated (r) when pairs are rated by
the same teacher. c. Twin confusion model; behavior of one twin
is sometimes ascribed to the other twin when both are rated by
the same teacher
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by the teacher). The presented statistics are of the
oldest twin to avoid paired observations when
including both twins of a pair. EXT scores at age 3
were higher in twins who were separated at school
than twins who were not separated (p < .01). INT
scores at age 3 were only marginally higher for the
separated twins (p = .03). A binary logistic regression
showed that EXT at age 3 was positively predictive of
being separated at age 7, 10 and 12 (all tests showed
p < .01). INT at age 3 had no power to predict twin
separation at later ages (all tests showed p > .05).
Binary logistic regression also showed that SES was
positively predictive of being in the different teacher
group at age 7 and 10, but not at age 12 (for age 7
and 10 p < .01, for age 12 p > .05).

At age 7, same teacher ratings on INT and EXT
were lower than the different teacher ratings. The
same pattern was seen at age 10 and 12 (see Ta-
ble 1). After correcting for the effects of sex, SES and
EXT at age 3, scores on EXT at age 7 could be con-
strained to be equal in the same and different tea-
cher group (p > .05). This was not the case for scores
on EXT at age 10 and 12, and for scores on INT at all
ages.

The effects of sex, SES and EXT at age 3 on INT
and EXT were also tested in the means model. Sex
had no significant effect on INT scores at age 7, 10 or
12 (all tests showed p > .05). There was a significant
effect of sex on EXT behavior at age 7, 10 and 12 (all
tests showed p < .01), with boys scoring higher on
EXT than girls. There was an effect of SES on mean
INT and EXT scores at each age, except for INT at age
7 (p > .05). Mean scores on problem behavior
decreased with increasing SES. EXT behavior at age
3 was a significant predictor of mean INT and EXT
scores at each age (all tests showed p < .01).

Genetic analyses

Twin variances and correlations as a function of
zygosity, age, sex and rating by the same or by dif-
ferent teachers are presented in Table 2. Twin pair
correlations for MZ twins rated on EXT by the same
teacher were higher than MZ twins rated by different
teachers, the same holds for the DZ twins. Roughly
the same pattern was seen for ratings on INT, with a
few exceptions. MZ correlations were higher than DZ
correlations, indicating that genetic factors influence
problem behavior. In general, the MZ correlations

were about twice as high as the DZ correlations,
which indicates little or no influence of shared
environmental factors. This was the case for both the
same teacher and different teacher group. No influ-
ence of shared environment in the same teacher
group indicates that the correlated errors model
probably does not fit the data, as in this model the
presence of shared environment is expected because
MZ as well as DZ correlations are inflated due to
correlated errors. Furthermore, the variances were
about equal for the same and different teacher
group, indicating that the twin confusion model is
also not likely to describe the data well, as variances
of the same teacher ratings are inflated when
teachers confuse twins.

The correlated errors, twin confusion and the
G · E interaction models were compared to the sat-
urated model (see online appendix Table S1 for fit
statistics). At all ages and for both phenotypes the
G · Emodel gave a good fit to the data, except for INT
at age 7 which showed a marginally significant
deterioration of fit compared to the saturated model
(p = .03). Both the twin confusion model and the
correlated errors model did not fit the data, except
for the correlated errors model on INT at age 12.
Because the overall trend (a good fit of the G · E
model at all ages) we adopted this model for INT and
EXT.

The raw estimates and the proportions of variance
explained by additive genetic, common and unique
environmental factors are presented in Table 3. At all
ages, heritability estimates were higher in the same
teacher group than in the different teacher group.
There was no effect of shared environment at any age
for any type of problem behavior.

For INT there was no difference between boys and
girls in the amount of variance explained by genetic
or unique environmental factors. This was the case
for the same teacher group and for the different
teacher group. At all ages heritability estimates were
about 70% in the same teacher group. Heritability in
the different teacher group was nearly 30% at age 7
and 10, and 39% at age 12.

There was a significant effect of sex on the heri-
tability estimates of EXT, although the effect was
small. For boys, estimates of the effect of additive
genetic factors were between 79% and 82% in the
same teacher group. In the different teacher group
heritability estimates were between 47% and 53%.

Table 1 Raw scores on mean (SD) internalizing and externalizing behavior at age 3, 7, 10 and 12

Questionnaire Age

Internalizing Externalizing

ST DT t(df) p ST DT t(df) p

CBCL 2/3 3 4.6 (3.8) 4.9 (4.1) 2.2 (3716) .03 15.6 (9.5) 17.1 (10.1) 4.8 (3490) .00
TRF 7 4.1 (4.7) 5.1 (5.5) 6.4 (3905) .00 4.1 (6.8) 4.7 (7.1) 2.7 (4177) .01
TRF 10 4.4 (5.3) 5.7 (6.1) 7.3 (3214) .00 4.4 (7.1) 5.3 (8.0) 3.6 (3346) .00
TRF 12 3.8 (5.0) 5.2 (5.8) 6.3 (1791) .00 4.1 (7.0) 5.2 (8.1) 3.7 (1838) .00

ST, same teacher; DT, different teacher; CBCL, Child Behavior Check List; TRF, Teacher Report Form.
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For girls, the heritability estimates were lower in the
same teacher group (67%–75%) and marginally
higher (48%–56%) in the different teacher group.

Discussion
The focus of this report was on the etiology of teacher-
rated problem behavior at age 7, 10 and 12. Results
in twin pairs rated by different teachers were com-
pared to twin pairs rated by the same teacher. Cor-
relations and heritability estimates were higher when
one teacher-rated both twins of a pair than when
different teachers rated the twins. We tested if twin
confusion or correlated errors could explain the dif-
ference in the correlations between the two groups.
Both models gave a significant worsening of the fit of
the model, thus did not provide a good explanation.
This indicates an effect of G · E for boys and girls at
each age. In other words, different classes with dif-
ferent teachers, peers and possibly classroom cli-
mate trigger different behavior depending on the
child’s genetic make-up. In the same teacher group,
shared environment interacts with genetic risk fac-
tors, causing the twins to behave more similar in
accordance with their genotype (and thus showing a
higher heritability). A lower heritability is found in the
different teacher group with the nonshared class
environment, triggering different behavior in twins.

Our estimates of the effect of additive genetic,
shared and unique environmental factors are
roughly comparable with studies in which same or
different teacher ratings were excluded from the
analyses. Hartman et al. (2007) found a heritability
of 74% for Attention deficit hyperactivity disorder
(ADHD) in 106 twin pairs rated by the same teacher.
Towers et al. (2000) estimated the heritability for
EXT at 31% and for INT at 15% in a sample of 88
twin pairs rated by different teachers. Given the large
differences between the heritabilities in the two
groups, it is not surprising that our results differ
from studies in which twins rated by the same and
by different teachers were analyzed simultaneously
(Haberstick, Schmitz, Young, & Hewitt, 2005; Vier-
ikko, Pulkkinen, Kaprio, & Rose, 2006). When taking
the same and different teacher ratings’ ratio into
account, our results are roughly comparable to the
findings of Haberstick et al. (2005) in a total sample
of 382 twin pairs. Possibly due their smaller sample
size, they did not report a difference in heritability
between boys and girls in EXT. The estimates that
Vierikko et al. (2006) reported from a sample of
1,041 twin pairs were low in comparison to the
present findings. This might be explained by differ-
ences in phenotypes. This study focused on EXT,
which consists of rule breaking and aggressive
behavior, while Vierikko et al. (2006) only considered
aggression. In contrast to a meta-analysis of the
environmental contributions to child and adolescent
INT and EXT, no effect of shared environmental fac-
tors was detected (Burt, 2009). In the meta-analysis

the effect of shared environment on EXT was esti-
mated around 20% for both sexes, and on INT for
boys at 24% and for girls at 10%. These estimates
were based on parent, child and teacher ratings.
Based on teacher ratings the meta-analysis reported
a large dispersion in the effect of shared environ-
mental factors. This is in line with the large disper-
sion in the effects of genetic factors as reported in the
introduction.

To our knowledge, this is the first study investi-
gating the twin confusion and the correlated errors
model and G · E interaction in INT and EXT behav-
ior in twins rated by same and different teachers.
The twin confusion and correlated errors models
have been previously applied to teacher ratings of
problem behavior. For attention problems and
related traits, Simonoff et al. (1998) found evidence
for the twin confusion model, whereas others favored
the correlated errors model (Baker et al., 2007;
Derks, 2006; Derks et al., 2007; Polderman et al.,
2006). It is possible that teacher bias plays a role in
behavioral problems in the domain of hyperactivity
and attention deficit hyperactivity disorder, but not
in INT and EXT problem behavior. However, these
measures, especially ADHD and EXT, are signifi-
cantly correlated.

Based on the current study, it is not possible to
distinguish which differences between classes play a
role in the G · E interaction. Earlier studies suggest
that peer behavior can induce G · E in teacher-rated
problem behavior. The genetic component to tea-
cher-rated aggression is moderated by peer victim-
ization (Brendgen et al., 2008). In addition, the
estimated heritability of teacher-rated depressive
behavior is moderated by peer rejection (Brendgen
et al., 2009). Teacher quality can also moderate
genetic effects. Taylor, Roehrig, Hensler, Connor,
and Schatschneider (2010) reported for early read-
ing, that when teacher quality is low, genetic vari-
ance is restricted, whereas, when teacher quality is
high, children’s reading ability has room to be
expressed according to their genetic potential. As
these examples show, both teacher and classroom
(peer) factors can act as environmental moderators.

It appeared that EXT problem behavior scores of
twins rated by different teachers remained higher
than of twins rated by the same teacher. Moreover,
twins rated by different teachers also scored higher
on INT problem behavior than twin pairs that stayed
together, while there was only a marginal difference
between these groups at age 3. This difference
seemed to increase, while the difference in EXT
between the two groups remains about the same.
This indicates that twin separation had a negative
effect on INT and no effect on EXT behavior. Studies
on the effect of twin separation at school on problem
behavior are relatively scarce. Two studies reported
that twin pairs at age 7, in one study rated by the
mother and in the other study rated by the teacher,
who were separated displayed more problems than
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pairs who attended the same classroom. (DiLalla &
Mullineaux, 2008; van Leeuwen, van den Berg, van
Beijsterveldt, & Boomsma, 2005). A third study only
found an effect in teacher ratings of INT problems,
and not in other types of problem behavior, at age 7
(Tully et al., 2004). In this third study, the authors
concluded that some twins (but not all) will experi-
ence significant and long-lasting INT problems due
to twin separation. Our findings support this con-
clusion.

Conclusions
Our study demonstrated G · E in teacher-rated INT
and EXT problem behavior. This implies possibilities
for interventions to buffer against the genetic risk of
developing INT or EXT behavior during childhood. It
is very well possible that the classroom environment
consisting of teacher and peers is a very important
factor in the expression of problem behavior and can
sometimes make the difference between a child that
is hard to handle at school versus a child that is not
to handle at all and needs to go to a special school.
Therapeutic interventions should therefore also
involve the school. Specifically applicable to twins,
our study showed that separating twins at school
has a negative effect on anxious depressed and
withdrawn behavior based on ratings of teachers,
who observe children in the school environment. It
might therefore be advisable for twins not to separate
them unless there is an urgent reason.
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Key points

• Studies that focus on the etiology of teacher ratings are relatively scarce and report a wide range of herita-
bility estimates for problem behavior.

• Twin correlations for pairs rated by the same teacher are higher than for pairs rated by different teachers,
some studies argue due to teacher bias.

• Using structural equation modeling, this study finds that teachers are not biased and that gene–environment
interaction explains the difference in correlations between twin pairs rated by the same teacher and pairs
rated by different teachers.

• The findings are clinically relevant because it implies the opportunity for teacher based interventions.
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